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65 Civic Avenue 
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citycouncil@pittsburgca.gov  

 

Re: Faria/Southwest Hills Annexation Project Approvals and Revised 
and Updated Final Environmental Impact Report 

 
Dear Members of the City Council: 

This firm represents Save Mount Diablo in matters related to the 
Faria/Southwest Hills Annexation Project (“Project”). As you are likely aware, Save 
Mount Diablo challenged the City’s original approval of the Project and prevailed in 
court, obtaining a ruling that the environmental impact report for the project was flawed 
in numerous ways. We have reviewed the Revised and Updated Final Environmental 
Impact Report (“RUFEIR”) and supporting documents prepared by the City for the 
proposed Development Agreement, amendments to the City General Plan, Prezoning 
Designations, and Master Plan (“Project Approvals”) and submit that these documents 
have not corrected the problems identified by the court. 

In fact, the Project as now proposed by Seeno and its affiliates, Discovery 
Builders, and Faria Land Investors (“Seeno”) includes only the most superficial changes 
to a massive development that is poorly planned and environmentally destructive. The 
600-acre Faria Site, which is currently designated for agricultural use by Contra Costa 
County, is almost entirely steep hillsides, with peaks over 1,000 feet. The Site contains 
hazards like liquefaction zones and large-scale landslides, including a 2007 slide that 
caused home evacuations in a neighboring Discovery subdivision. Rather than taking the 
court’s order seriously, by finally analyzing the devastating impacts of the project and 
changing the project to cause less environmental damage, Seeno’s current proposal 
continues to: 
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• Gut the General Plan by eliminating long-standing policies that 
protect hillsides, ridgelines, creeks and drainages.  

• Violate City planning law, which requires a detailed Master Plan 
showing where houses, streets and parks will actually be built. 

• Betray the voters who approved Measure P in 2005 and placed the 
entire Site in the protective hillside zoning. Now Seeno wants to 
change the zoning to bulldoze the hills for massive subdivisions.  

• Violate state environmental law by failing to protect air quality and 
ensure a viable water supply. 

In addition, rather than disclosing the additional environmental impacts of 
building 150 accessory dwelling units on site, Seeno proposes to eliminate those units in 
favor of paying an inclusionary housing in-lieu fee at some future date to locate the 
housing elsewhere. While this is a neat trick to try to avoid providing more information to 
the public and decisionmakers, it also ignores City laws requiring affordable housing to 
be built on-site wherever possible. 

At its February 14, 2023 meeting, the Planning Commission voted not to 
recommend approval of this flawed Project. The Planning Commission expressed serious 
concerns about the Project’s failure to include a detailed Master Plan and its deferral of 
environmental analysis. The commissioners also objected to Seeno’s request that the City 
eliminate or weaken long-standing General Plan policies to move this outdated Project 
forward. They rightfully noted that Seeno should be changing the Project to fit the City’s 
existing hillside and grading policies, not the other way around.  

The City has the opportunity now to adopt a better plan. In response to 
Save Mount Diablo’s successful challenge, Judge Weil of the Contra Costa County 
Superior Court ordered the City to rescind the 2021 Faria Project approvals. The City 
complied, and thus has a clean slate for processing Seeno’s proposed project. The City 
claims it is trying to build a greener and more sustainable new future with a focus on 
alternative transportation, sustainable and clean growth, development that preserves the 
City’s hills and greenspaces, and affordable housing. It now has the opportunity to 
require modifications to the proposed project to accomplish these goals. 

The City should not rush with approvals that lock in Seeno’s development 
rights for a plan that was flawed from the beginning. Instead, the City should demand a 
new plan that: 
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• Protects the Site’s sensitive ridgelines and hilltops, ensuring no 
ridgeline or hilltop development 

• Minimizes destructive grading  

• Conforms to City environmental policies 

• Provides on-site affordable housing that is similar to proposed 
market-rate housing 

• Details where housing, roads and parks will be located 

• Creates walking path connections from the proposed development to 
the new Thurgood Marshall Regional Park  

• Ensures that the Project is transit, bicycle, and solar friendly 

Save Mount Diablo also objects that the RUFEIR has not been circulated 
for public review as the California Environmental Quality Act (“CEQA”) requires. The 
Superior Court’s Ruling that the Faria approvals violated CEQA came out nearly a year 
ago and the City set aside the approvals last August. But the City released the RUFEIR 
on January 31, 2023 and scheduled the Planning Commission hearing just two weeks 
later, on February 14. When the Planning Commission recommended denial, the City 
proceeded to schedule the City Council hearing, again without circulating the RUFEIR 
for public review. Furthermore, the City published an updated RUFEIR on March 2, 
2023, which substantially changes the EIR’s traffic analysis and mitigation measures. 
This updated RUFEIR failed to include, or provided responses to, the comments 
submitted on the earlier draft.  

This rushed process thwarts public participation in this important decision. 
And the Staff Report and RUFEIR fail to provide key information about the Project, 
leaving the public in the dark about important issues like affordable housing, ridgeline 
protection, and water supply.  

Save Mount Diablo recently toured the Faria Site, which made it clear that 
there are parts of the ridge that are not protected, and has been in conversation with 
Discovery Builders about ways to improve the Project to make it more environmentally 
sensitive and better for Pittsburg residents. To allow these conversations to continue and 
to provide the necessary time for public review, Save Mount Diablo requests that the City 
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Council delay any consideration of the Project for 45 days. If the City Council does go 
forward, Save Mount Diablo respectfully requests that it deny the Project. 

I. The Project violates City planning law. 

A. The Master Plan violates City law. 

The purpose of a Master Plan is to ensure “orderly planning.” A master 
plan “must include a land use and circulation system concept that is consistent with the 
goals and policies of the general plan.” Pittsburg Municipal Code (“PMC”) § 
18.72.060.A (emphasis added). Here, the proposed Master Plan contains no circulation 
system. In fact, the Staff Report acknowledges that the “overall traffic circulation pattern 
for the Site is largely unknown at this time.” Staff Report, p. 6.  

Master Plan applications are also required to include a “site plan indicating 
the existing and proposed uses, gross floor area, lot coverage, height, parking and density, 
and a circulation plan;” an architectural plan with exterior elevations and floor plans; a 
landscape plan showing the “design of walkways, trails, bicycle paths, [and] recreation 
areas;” a preliminary development schedule; and topographic maps “showing the 
relationship of the building to the topography.” PMC § 18.72.060(B). The Master Plan 
omits all of these; it contains no site plan, circulation plan, or landscaping plan, and 
provides no indication of where roads, housing lots, trails, or parks will be or their 
relation to topography.  

While the trial court found the City could waive its own code requirements 
in some cases, it also recognized that the City has discretion to require more. Here, a 
circulation system and land use plan is necessary to determine potential environmental 
impacts, as well as to consider whether alternative layouts would better protect resources, 
including ridgelines. Indeed, Contra Costa County’s Local Agency Formation 
Commission (“LAFCO”) has previously indicated that this information is essential to 
their determination as to whether to allow the annexation. As a result, SMD strongly 
recommends that the City postpone any decision on this “project” until more detail is 
provided. 

B. The Development Agreement violates the City’s affordable housing 
laws. 

Given that Seeno is asking the City to hand it a huge gift—development 
rights to build 1,500 units—Seeno should at least comply with the City’s minimum 
affordable housing requirements. City laws require 15 to 20 percent of new homes to be 
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low- or moderate-income. PMC § 18.86.040(B). Yet, in approving this Project in 2021, 
the City waived this requirement at the 11th hour. Instead of setting aside a portion of the 
1,500 full-sized houses as affordable, the City allowed Seeno to instead build an 
additional 150 tiny accessory dwelling units (“ADUs”).  

The Superior Court held that the City could not simply add 150 homes to 
the Project at the last minute with no environmental review. But rather than analyze the 
impacts of the new housing, or make a substantial portion of the full-size homes 
affordable, Seeno is now asking the City to approve a project with no affordable 
housing at all. Instead, “pursuant to PMC section 18.86,” Seeno proposes to pay an 
entirely unspecified “in-lieu fee” for future affordable housing at a “location not known 
at this time.” Staff Report, p. 11.  

The version of the development agreement released to the public for the 
upcoming City Council hearing appears incorrect, and thus the public was unable to 
review the terms of this important document.1 But the earlier version provided with the 
Planning Commission materials failed to specify the amount of the fee or the amount of 
housing it must subsidize and further provided that Seeno shall have no obligation to 
provide affordable housing at all if a future City Council rescinds its existing 
ordinance. Development Agreement, Section 3.09(b). 

City code does not permit a developer to simply replace on-site affordable 
housing with fees except in rare case. The section cited in the Development Agreement 
provides that “a developer of a residential project is permitted to pay fees in lieu of 
constructing affordable units if the city council finds that the residential project site is 
not suitable for affordable housing.” PMC § 18.86.080.C (emphasis added). The City 
cannot conclude this massive Site is not “suitable” for affordable housing given that it 
already found that the Site could accommodate affordable housing in approving the 
Project in 2021. The City provides no substantial evidence demonstrating that the Site is 
now unsuitable. 

If the City nonetheless grants Seeno’s request to pay an in-lieu fee instead 
of providing on-site affordable housing, it must establish a minimum fee amount, and 
show how many units that amount would subsidize. Without such a requirement, the 

 
1 See 
https://onbaseweb.pittsburgca.gov/OnBaseAgendaOnline/Documents/ViewDocument/D
A_FARIA_REV%202-2-
2023.PDF.pdf?meetingId=1072&documentType=Agenda&itemId=11566&publishId=97
84&isSection=false  
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public will have no way of knowing whether Seeno paid its fair share—or whether the 
City gave a multi-million dollar gift to a for-profit developer.  

II. The Staff Report and Addendum are misleading and misinform the public 
about the Site history and approvals. 

A. The Staff Report and Addendum ignore the destruction of key 
ridgelines on the property. 

The Staff Report and Addendum perpetuate the Seeno myth that the Faria 
Project is somehow consistent with the long-term planning for this Site and its hillside 
protection policies. 

The Site is covered with steep hills and ridgelines, as can be seen in the 
aerial Site photos included in the RUFEIR. See pdf 583-91. The ridgelines are also visible 
on Google terrain maps (see Ex. 1 of Exhibits 1-18 attached): 
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These ridgelines are part of the ridgeline system for the entire area, which the City 
originally proposed to protect in adopting its 2020 General Plan  

 

2020 General Plan, Draft EIR, Figure 4.2-3 (Ex. 2). But following the release of the final 
EIR for the General Plan, Seeno appeared at a City hearing and urged the City to remove 
the ridgeline designations on the Faria Site. Ex. 3. After that meeting, the ridgelines for 
the Faria Site simply disappear from the final General Plan map: 

 

Pittsburg 2020 General Plan, Figure 4-2 
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The RUFEIR claims that the “project site area does not contain any 
designated major or minor ridgelines.” RUFEIR, 2-5. But the Site does contain major and 
minor ridgelines: 

 

General Plan, DEIR, Figure 3.4-1 (highlighting of Site boundaries added) (Ex. 2). The 
designation for these ridgelines was simply removed at Seeno’s demand to pave way for 
the intensive development it has been planning for decades. The RUFEIR, however,  
contains no map that overlays the proposed development against the Site’s actual 
ridgelines. Instead, the RUFEIR attempts to confuse the issue by focusing solely on the 
ridgeline between Concord and the Site. 

To adequately inform the public and decisionmakers about the true impacts 
of this Project, the City must prepare a map showing all ridgelines on the Site, including 
those that were originally designated in Figure 4.2-3 in the General Plan DEIR, and 
revise the CEQA review to show how the development and grading allowed under the 
Master Plan will impact these ridgelines.  
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B. The Project is NOT consistent with Measure P, where the voters kept 
in place the Site’s protective Hillside Zoning on the Site. 

The Staff Report and Addendum repeatedly suggest that the proposed 
1,500-unit Project is consistent with, or even somehow more protective, than the land use 
designations in the 2005 voter-approved ballot initiative Measure P and the Site’s 
longstanding zoning.  

For example, the Staff Report states that the proposed land use amendments 
“would not change the existing maximum development potential” for the Site. Staff 
Report 1. It further states that the “proposed amendments to the General Plan are in the 
public interest in that they would be consistent with the 2005 voter approved Measure P” 
and “fulfill the voter initiative (Measure P) … which anticipated the development of the 
site with residential uses,” “thereby effectuating the will of the voters.” Staff Report, p. 
15-16 (emphasis added). The RUFEIR similarly provides that, under the voter-approved 
Measure P, “the entire approximately 606-acre project site was prezoned for 
development.” RUFEIR 2-16. 

These claims are misleading. Measure P did not prezone the “entire” Site 
for development, the existing prezoning would not have allowed 1,500 units on the Site, 
and the proposed amendments clearly increase the allowable density.  

Measure P, another Seeno-backed strategy, did place the Site within the 
City’s Urban Limit Line (“ULL”). But it prezoned the Site for Hillside Planned 
Development (“HPD”) and Open Space—not for the intensive development Seeno now 
proposes. The ballot arguments emphasized that Measure P’s ULL provisions “can only 
be changed by a subsequent vote of the people” and that it “preserves and protects 
agricultural land [and] open space.” Ex. 4 at 3. The fine print, however, permitted future 
zoning amendments by simple City Council vote. Ex. 4 at 2. 

What the voters approved was hillside zoning, which would take effect if 
the Site were annexed and ensure protection of the Site’s rolling hills and ridgelines. This 
hillside zoning provides that future development in the southern foothills must be 
“compatible with the special sensitivity of the hillside areas,” “protect natural 
topographic features, aesthetic views, vistas and prominent ridgelines,” “protect the 
public health [and] safety,” and reduce impacts related to “grading and drainage 
associated with hillside development.” PMC §§ 18.56.020(C)-(D). This HPD zoning 
contains rigorous permitting requirements, requires that grading “be designed to 
minimize cuts and fills and to retain the general character of the existing terrain,” and 
limits development on steep slopes: 
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Slope Units per acre 
30%   1.5 
35%   1.0 
40%   0.5 
Over 40%  0.2 
 

 §§ 18.56.090(A)(4), (B);18.56.020(C)-(D).  

The new zoning will allow Project allows 1-5 units per acre. Staff Report, 
p. 6. Since the Site is almost entirely over 30% slope, with substantial portions at 50-70% 
slope (DEIR 4.2-4) the new zoning will allow density up to 25 times higher than the 
HPD zoning for portions of the Site. Yet the RUFEIR fails to disclose this fact when 
analyzing the Project’s consistency with current land use plans.  

In addition, Measure P says nothing about allowing 1,500 development 
units. Ex. 5. While the General Plan permitted a maximum of 1,500 units, the HPD 
zoning would have required far lower densities. See Pittsburg 2020 General Plan, 2-15 
(“density/intensity standards do not imply that development projects will be approved 
only at the maximum density”; zoning and “site conditions may reduce development 
potential”). 

Therefore the Project is not consistent with the City’s long-standing hillside 
development plans for the southwest hills and it is not “consistent with the 2005 voter 
approved Measure P” as the Staff Report and proposed City Council findings suggest. 
Staff Report, pp. 15-16. To ensure the public and decisionmakers are aware of the 
consequences of approving this Project, the City must:  

• Prepare an analysis that: (1) maps and calculates the areas of the 
Site that are 30%, 35%, and 40% slope; and (2) compares 
maximum development under the existing HPD zoning to the 
maximum development under the proposed zoning. 

• Identify the existing City hillside zoning policies—which require 
that new development protect hillsides, ridgelines, views, and 
reduces impacts related to grading, drainage and erosion—that 
will no longer apply to the Site under the proposed rezoning.  

• Delete the statement in the Staff Report that the proposed 
zoning and General Plan amendments “would not change the 
existing maximum development potential” of the Site. 
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• Make clear that the text of Measure P did not approve 
development of 1,500 units on the Site but anticipated lower-
density hillside zoning that Seeno now proposes to change.  

C. Acknowledge that the Project changes the General Plan to allow 
Seeno to bulldoze the Site’s steep hillsides and destroy its creeks 
and drainages.  

The Staff Report also fails to make clear the extent to which the Faria 
Project is inconsistent with long-standing General Plan policies. It admits that the 
proposal would necessitate revision and/or deletion of twelve General Plan goals or 
policies, but suggests that the Project remains consistent with the City’s “overarching 
goals and policies related to hillside development in the southwest hills.” Staff Report, 
pp. 9-11, 17.  

However, the General Plan contains only two “Goals” for the “Southwest 
Hills.” One of these is: 

 2-G-33 Maintain the general character of the hill forms. 

Pittsburg 2020 General Plan 2-76. Rather than remaining consistent with this Goal, Seeno 
is demanding that the City eliminate it.  Staff Report, p. 10. Seeno is also asking the City 
to eliminate other long-standing policies for ensuring sensitive hillside development: 

Policy 4-P-10: Minimize grading of the hillsides… 

Policy 4-P-12: Encourage terracing in new hillside development to be designed in 
small incremental steps. Extensive flat pad areas should be limited.  

Policy 4-P-14: Preserve natural creeks and drainage courses as close as possible to 
their natural location and appearance. 

Staff Report, p. 10. And Seeno wants to City to change other policies protecting steep 
slopes so that the exceptions swallow the rule. For example (new text shown with 
underlined font, and text proposed for deletion is shown with strikethrough font):  

Policy 4-P-11: Limit grading of hillside areas over 30 percent slope (see Figure 
10-1 [of the General Plan]) to elevations less than 900 feet, foothills, knolls, and 
ridges not classified as major or minor ridgelines (see Figure 4-2 [of the General 
Plan]), unless deemed necessary for slope stability remedial grading, or 
installation of City infrastructure. During review of development plans, ensure that 
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necessary grading respects significant natural features and visually blends with 
adjacent properties.  

Goal 10-G-6: Limit development on slopes greater than 30 percent (as delineated 
on Figure 10-1 [of the General Plan]) to lower elevations, foothills, and knolls, 
unless it can be demonstrated that appropriate soil stability techniques can be 
implemented.  

Staff Report, p.10. 

The City prepared internal analyses explaining why Seeno’s proposed 
development is incompatible with its long-standing hillside protection policies. It 
explained, for example, that Seeno’s development would violate existing polices because 
“the rolling hills would be eliminated by the mass grading.” Ex. 6 at 2-3. But it never 
released that analysis as part of the CEQA process. The City should not allow one 
developer to gut critical and long-standing hillside protection policies. 

Moveover, the City cannot approve the Master Plan without finding that the 
Project is consistent with its General Plan.  Here, the City cannot make such findings. As 
the EIR itself admits: “Policy 2-G-8 is intended to preserve ridgelines and viewsheds. 
The proposed project would involve grading of hillside areas, which would not be 
consistent with the forementioned City polic[y].” DEIR 5-12 (emphasis added).  

III. The RUFEIR fails to comply with CEQA 

The RUFEIR fails to cure the legal defects in the EIR’s analysis identified 
by the by the Superior Court’s February 10, 2022 ruling (“Ruling”) or to address new 
information regarding Project impacts since release of the draft EIR.  

A. RUFEIR fails to fix the water supply analysis.  

First, the revised water analysis simply repeats the flaws in the 2020 EIR. 
The RUFEIR now purports to rely on the 2020 Urban Water Management Plan 
(“UWMP”). RUFEIR 1-3. But an EIR may incorporate the UWMP’s analysis only if the 
UWMP includes the project. Wat. Code § 10910(c)(2)-(3). As the Superior Court found, 
the “DEIR states that the 2015 UWMP does not include the Project.” Ruling at 26; DEIR 
4.11-26.  
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The 2020 UWMP also does not include the Project.2 Just like the 2015 
UWMP, the 2020 UWMP “reports solely on the City’s service area” and the “City’s 
water service area is consistent with City limits” and does not include the Project area. 
2020 UWMP, 2-2, 3-1; maps at Figure 3-1 and 3-2, 7-9 (drought risk assessment 
“considers an unconstrained demand condition within the City’s service area”); Wat. 
Code, § 10635(a) (“water service reliability assessment shall be based upon … data from 
state, regional, or local agency population projections within the service area of the urban 
water supplier”). The August 30, 2022 Technical Memorandum suggests that the 2020 
UWMP somehow does include the Project because it attached a planning map. Technical 
Memorandum at 2, 4. But this cannot be squared with the text of the UWMP itself. The 
Project area was shown on a map as being within the City’s sphere of influence; but that 
does not negate the 2020 UWMP’s clear statement that it “reports solely on the City’s 
service area” which is “consistent with City limits.” UWMP, 2-2, 3-1.  

The RUFEIR was therefore required to include a water supply assessment 
of “whether the public water system’s total projected water supplies available during 
normal, single dry, and multiple dry water years during a 20-year projection will meet the 
projected water demand associated with the proposed project.” Wat. Code § 10910(c)(3). 
Instead, it relies entirely on the 2020 UWMP’s supply and demand projections. Compare 
RUFEIR 1-5 to 2020 UWMP 7-8. But since these projections do not include the Project, 
the Project will create additional water demand and cause additional shortages which 
will further strain the City’s water supply, exacerbating the water deficit during dry years. 
See RUFEIR, Appx. E at 5 (showing a deficit of 126 AFY and 863 AFY during multiple 
dry-year periods). The EIR must fully analyze these impacts and explain how the 
Project’s additional demand will be fully met. 

For example, the RUFEIR states that the Project demand is 663 AFY. 
Technical Memorandum at 4. If this Project demand is added to the water demand in 
Table 2, there would be new water shortfalls in dry Year 3 (51 AFY), as well as greater 
shortfalls in Year 4 (789 AFY) and 5 (1,526 AFY). Because the projected difference 
between supply and existing demand is less than 663 AFY, there would also be new 
shortfalls in 2025 (Year 4), 2030 (Year 4), and 2035 (Year 4) and 2040 (Year 3), as well 
as greater shortfalls in years that are already in the red (shown before in Table 7-4 of the 
2020 UWMP):  

 
2 Save Mount Diablo is not attaching City documents which are presumably part of the 
record for this case.  The 2020 UWMP is available at: 
https://www.pittsburgca.gov/home/showpublisheddocument/13176/63763662816105124
7 
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The RUFEIR was required to inform the public of these additional shortfalls, analyze 
their impacts, and propose mitigation to reduce them. It should also make clear that there 
will not be sufficient water supply to meet demand. There is no “surplus” water to serve 
the Project during (predictable) multiple dry years. 

  In addition, this analysis addresses only population-based water demand.  It 
contains no discussion at all of how much water the Project will require during 
construction for measures like dust control. 
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The RUFEIR is also flawed because it does not incorporate any changes to 
the text of its original water analysis in the DEIR. See RUFEIR, ch. 3 (“Revisions to the 
Draft EIR Text”). Therefore, all of the inadequacies previously identified by Save Mount 
Diablo and the Court remain in the EIR. These include references to outdated data, 
improper reliance on the 2015 UWMP, failure to show that the water supply analysis 
actually includes the project, and failure to show how water supply can meet demand in 
dry years. See RUFEIR at 2-88-93 (November 30, 2018 Save Mount Diablo comments 
on EIR’s water supply analysis).  

The result is a confusing document that sends mixed messages to the public 
and decision-makers. Critical environmental analysis must be in the EIR itself, not buried 
in technical appendices, especially they conflict with the EIR itself.  

The Technical Memorandum also fails to discuss any impacts of supplying 
water to the Project. For example, it does not discuss how additional water demand will 
impact surrounding communities dependent on the same sources. Nor does the Technical 
Memorandum disclose the cumulative impacts that this and similar development projects 
in the area will have on the regional water supply. See Vineyard Area Citizens for 
Responsible Growth v. City of Rancho Cordova (2007) 40 Cal.4th 412, 434 (“The 
ultimate question under CEQA . . . is not whether an EIR establishes a likely source of 
water, but whether it adequately addresses the reasonably foreseeable impacts of 
supplying water to the project.”). 

Finally, the water supply analysis contains no mitigation measure to 
actually reduce water demand to avoid the projected water supply deficits, like recycled 
or grey water systems, or landscaping requirements.  It also fails to address or analyze 
specific demand reduction measures, like rationing, or evaluate their effectiveness or 
their impacts on future residents or existing customers. 

B. The RUFEIR’s proposed air quality and greenhouse gas emission 
mitigation remains vague and fails to comport with current law. 

The Superior Court found that the existing air pollution and greenhouse gas 
(“GHG”) measures were too “vague,” that their components were “improperly deferred” 
and that the EIR failed to analyze the measures’ effectiveness and feasibility. Ruling at 
30-31. The RUFEIR fails to correct these flaws. In addition, the RUFEIR does not 
address important regulatory changes as a result of the new Scoping Plan released by the 
California Air Resources Board (“CARB”). 
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1. There have been substantial regulatory and legal changes 
impacting the Project since the draft EIR was circulated.  

An EIR must show how a project will conform to statewide GHG reduction 
targets and adopt enforceable mitigation to achieve these goals. Center for Biological 
Diversity v. Department of Fish & Wildlife (2015) 62 Cal.4th 204, 225-26; League to 
Save Lake Tahoe v. County of Placer (2022) 75 Cal.App.5th 63, 121-22.  

Here, the State has released new GHG reduction targets since the draft EIR 
was circulated and the Project was approved, and even since the Ramboll Memorandum 
was prepared in May 2022.  In November 2022, CARB released a new Scoping Plan 
requiring “aggressive reduction of fossil fuels” and “rapidly moving to zero-emission 
transportation.” Ex. 7 at 1. It “identifies a technologically feasible and cost-effective path 
to achieve carbon neutrality by 2045.” Id. at 24. The Plan achieves the AB 1279 target of 
85 percent below 1990 levels by 2045 and identifies a need to accelerate the 2030 target 
from 40 to 48 percent below 1990 levels. Id. at 71. Finally, Appendix D includes 
recommendations for prioritizing mitigation, starting with on-site GHG-reducing design 
features and mitigation measures—methods to reduce VMT and support building 
decarbonization, access to shared mobility services or transit, and EV charging—and 
moving to off-site measures like development of a neighborhood green space, investment 
in street trees, and expansion of transit. Ex. 7 at Appendix D (pdf 298). The RUFEIR 
must be revised to analyze whether the Project will meet the targets set forth in the 
Scoping Plan. 

2. There is new science demonstrating significant environmental 
changes. 

The RUFEIR should also be revised to reflect current science showing that 
the “tipping point” for GHG emissions may occur far sooner than previously expected. 
For example, the World Meteorological Organization’s (“WMO”) recently reported 
“atmospheric levels of the three main greenhouse gases - carbon dioxide, methane and 
nitrous oxide all reached new record highs in 2021,” with the “biggest year-on-year jump 
in methane concentrations in both 2020 and 2021 since systematic measurements began 
nearly 40 years ago.” Ex. 8 at 2 (WMO Greenhouse Gas Bulletin). Likewise, a 2022 
report by the Copernicus Climate Change Service revealed that the last eight years have 
been the eight warmest on record and that global temperatures are reaching a dangerous 
tipping point much faster than initially anticipated. Ex. 9 (Copernicus, 2022 saw record 
temperatures in Europe and across the world (Jan. 9, 2023). And the 2022 
Intergovernmental Panel on Climate Change (“IPCC”) reported: “Without immediate and 
deep emissions reductions across all sectors, limiting global warming to 1.5°C (2.7°F) is 
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beyond reach. In the scenarios assessed, limiting warming to around 1.5°C requires 
global greenhouse gas emissions to peak before 2025 at the latest, and be reduced by 43% 
by 2030.” Ex. 10 at pdf 12 (United Nations Summary of Climate Reports).  

The Project involves a massive amount of grading, including leveling steep 
hills and flattening ridgelines. It will construct 1,500 residential units at a distance from 
jobs and services with no firm commitment to green transportation. These new reports 
show that the Project’s GHG emissions would have far graver climate change impacts 
than discussed in the EIR.  

3. The EIR Must Consider Feasible New Mitigation Measures to 
Reduce the Project’s Significant Air Pollution and Climate 
Change Impacts. 

Once the RUFEIR is updated to address recent climate change data and the 
emissions targets in the CARB Scoping Plan, it must evaluate all feasible measures to 
reduce the Project’s significant air quality and greenhouse gas emissions. Under CEQA, 
and the Court’s Ruling, these measures must be feasible and enforceable and anticipated 
emission reductions must be quantified. The Revised EIR fails to meet this standard.  

First, the measures remain “vague.” Ruling at 30. The Superior Court noted 
that the original measures “simply state that the developer will plant shade trees, promote 
ridesharing, extend transit service into project site, and provide charging stations ‘unless 
the applicant demonstrates that the measures are not feasible’” and that this “does not 
give even a program-level insight as to the effectiveness of the measures and their 
feasibility.” Ruling at 30-31.  

The new measures contain identical, and identically vague, provisions: 
“[p]lanting shade trees,” “[p]romote ridesharing,” “[e]xtension of transit service into 
project site” and “[p]roviding of charging stations.” RUFEIR pdf 628, 631-32, 641-42. 
Again, the analysis contains no specifics about how the Project will “promote” measures 
like ridesharing, transit, bicycling, and walking for work trips; not does it identify the 
number of electric vehicle charging stations or shade trees that will be required or explain 
what vague measures like “[c]ommunity-based traveling” even mean. Similarly, the 
measures are “presumptively feasible unless the applicant can demonstrate otherwise.” 
RUFEIR pdf 632-33 (emphasis added). The measures are thus neither specific nor 
enforceable measures and do not comply with the Court’s Ruling or applicable CEQA 
law. See King & Gardiner Farms, LLC v. County of Kern (2020) 45 Cal.App.5th 814,45 
Cal.App.5th at 858 (finding that a mandatory measure modified by the phrase “to the 
extent feasible” was not a specific, enforceable standard). 



 

City of Pittsburg 
April 14, 2023 
Page 18 
 
 

Second, the mitigation remains “improperly deferred.” Ruling at 31. The 
original MM 4.3-2 deferred specific mitigation to a future “project-level, detailed air 
quality analysis” to be developed “in coordination with the BAAQMD.” DEIR 4.3-36. 
The new measure contains identical language. RUFEIR pdf 627-28; MM 4.3-2 & 4.3-
5(a)&(b). MM 4.3-2 also allows the applicant to forego some, or all, of the proposed on-
site mitigation, either by showing it is not feasible or by using off-site mitigation pursuant 
to a yet-to-be established BAAQMD program. RUFEIR pdf 629-30. Since these 
programs apparently do not exist, such mitigation is entirely speculative. King & 
Gardiner Farms, 45 Cal.App.5th at 877-78 (EIR cannot rely on programs that have not 
been developed as effective mitigation). Because the RUFEIR defers any commitment to 
specific measures to minimize emissions until after the Project approvals have been 
granted, it does not comport with CEQA or the Court’s Ruling. CEQA Guidelines § 
15125(a); Stanislaus Natural Heritage Project v. County of Stanislaus (1996) 48 Cal. 
App. 4th 182, 199.  

Instead of essentially restating the same flawed and vague mitigation, the 
RUFEIR must adopt mandatory mitigation and evaluated the effectiveness of that 
mitigation in reducing air pollution and GHG emissions. For example, the mitigation 
should require that all buildings use zero-COV paints and finishes, use cool roof 
materials and be wired for electric vehicle charging capacity. It should require Seeno to 
prepare prior to Project approval a water efficiency plan, native/drought-tolerant 
landscaping plan, bicycle and pedestrian plan, and plan identifying the number and 
location of shade trees and charging stations. Moreover, because many of its proposed 
measures are already required under State law, the RUFEIR must explain applicable law 
and evaluate how the Project is going beyond the “business as usual” model to reduce air 
pollution and GHG emissions. 

While the Technical Memorandum attaches a feasibility analysis for some 
measures (RUFEIR pdf 516), the City does not commit to using it in the future. RUFEIR 
pdf 6327 (allowing use of “other methods” instead). And the assumptions in that analysis 
are never incorporated as Project requirements (e.g., “1.5 trees per household” (RUFEIR 
at pdf 522)). 

In addition, the revised analysis must consider additional, feasible measures 
based on the measures set forth in Appendix D of the CARB Scoping Plan, in the 
California Air Pollution Control Officers Association 2021 Handbook for Analyzing 
Greenhouse Gas Emission Reductions, Assessing Climate Vulnerabilities, and Advancing 
Health and Equity (“CAPCOA 2021 Handbook,” Ex. 11), and in the Newhall Ranch 
Final EIR (Ex. 12). Additional feasible mitigation includes: 
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• hiring local construction contractors to reduce worker commute trip 
lengths and associated air pollutant and greenhouse gas emissions; 

• use of low-carbon concrete for development of the Project as it 
becomes available on the market. See Ex. 13 (“Major construction 
firms team up to get the carbon out of concrete”); 

• use of high efficacy public street lights 

• use of reclaimed non-potable water or grey water for all irrigation; 

• use of low-flow water fixtures; 

• subsidies for purchase of zero energy vehicles and schools buses; 

• preparation of vehicle miles traveled (VMT) reduction plans and 
Transportation Demand Management (TDM) plans; 

• shuttles to BART and transit; 

• establish a carbon sequestration project on-site; 

• carbon offsets issued by an accredited carbon registry; 

• a commitment to achieve zero net GHG emissions for the Project. 

Finally, the proposed mitigation is focused almost exclusively on 
operational emissions of the future subdivision and ignores emission related to the 
massive grading and hilltop removal Seeno proposes. The analysis must clearly identify 
the air emission and GHG emissions related to the proposed hundreds of acres of grading 
and identify feasible mitigation to reduce these emissions. Feasible measures include 
minimizing the grading footprint, reducing construction on steep slopes, and retaining—
rather than leveling—hilltops and ridgelines.  

C. The RUFEIR otherwise fails to comply with CEQA. 

The RUFEIR also fails to address the other errors identified by the Ruling. 
While the City performed some additional plant surveys, it did not circulate the new 
analysis for review by the public and relevant resources agencies. . In addition, while the 
City has dropped the 150 additional ADUs that the Superior Court found were omitted 
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from the EIR, it has done so in a way that ignores City laws requiring that affordable 
housing be on-site wherever feasible.  

The RUFEIR also ignores new information about City growth that will 
exacerbate the impact of the Project approvals. The EIR evaluated the General Plan 
policy amendments—which eliminated critical hillside, creek and drainage protections—
only with regard to the Project Site. But these policies will also apply to any new projects 
developed in the City going forward.  

Since the draft EIR was circulated the City has moved forward with its 
proposal to build, and annex the land for, the James Donlon Boulevard extension. On 
March 22, 2022, the Planning Commission accepted the General Plan Annual Progress 
Report noting that annexation to the City was “pending” and indicating that the project is 
“in the design stage with 65% construction drawings complete.” Ex. 14 at 2, 10. In June 
2022, the City approved a 5-Year Capital Improvement Program which included 
$6,200,000 in funding for the Project, which will “design and construct an additional 
east-west connection between East and Central County by adding in a new link between 
James Donlon Boulevard in Antioch and Kirker Pass Road.” Ex. 15. 

Moreover, three of the four alternatives in the City’s Land use Alternatives 
and Capacity Report (March 2021) shows new potential development adjacent to the 
planned James Donlon Boulevard Extension outside the City limits, between Seeno’s 
Montreaux and Sky Ranch II developments. See Ex. 16 (Alternative B; see also 
Alternative C (Ex. 16) & D (Ex. 17)). 
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The RUFEIR must analyze how proposed changes to the City’s General 
Plan deleting protection for hillsides, creeks and drainages will impact these planned and 
foreseeable developments. Note that some of these policies were explicitly referenced in 
the EIR for the James Donlon Boulevard Extension.3 

In addition, the RUFEIR includes new traffic analysis that shows traffic 
will be worse than previously predicted. See, e.g., RUFEIR pdf 646-49. The revised 
traffic analysis must updated to comply with current CEQA law requiring an analysis of 
vehicles miles traveled and circulated for public review. See Guidelines § 15064.3.   

IV. The RUFEIR fails to include the information required by LAFCO. 

The RUFEIR includes LAFCO’s November 30, 2018 comments on the 
DEIR (pdf 43) but fails to include the information requested: a detailed Master Plan that 
complies with City laws; a description of the open space uses; an analysis of consistency 
with LAFCO policies protecting agricultural land and discouraging sprawl; an adequate 
analysis of water, sewer and other public services; and an analysis of cumulative impacts 
and regional housing needs.  

The RUFEIR also fails to address LAFCO’s particular questions about the 
carrying capacity for cattle and the land’s qualification as prime agricultural land. In fact, 
contrary to the City’s and Seeno’s earlier claims, Appendix D shows that the Site is 
extensively used for cattle grazing: “Nearly all the surface of the Faria Property is annual 
grassland and nearly all the annual grassland is grazed, primarily by cattle. Cattle were 
confined to the pastures around the residences during the April surveys but were on the 
entire site in recent months.” RUFEIR pdf 574; id. pdf 596 (“Much of the grassland in the 
middle third of the site is currently heavily grazed due to the concentration of cattle and 
support facilities (water, supplemental feed, etc.).)” 

The City must address each of the LAFCO policies raised in LAFCO’s 
comments on the DEIR, particularly with regard to the carrying capacity of the Site for 
grazing, and recirculate the RUFEIR. 

 
3 See, e.g., James Donlon Boulevard Extension Draft Environmental Impact Report 
(April 2013) at 4.3-13-14. The full document is available on the City’s website at 
https://www.pittsburgca.gov/home/showpublisheddocument/5385/637479142624630000. 
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V. The City Council must modify the Master Plan to protect its ridgelines and 

comply with its General Plan. 

The EIR recognized that any development above 900 feet would be a 
significant impact because it would directly conflict with Policy 10-P-2 of the General 
Plan. DEIR 4.9-22. Yet the Mitigation Monitoring and Reporting Program (“MMRP”) for 
the RUFEIR still proposes as mitigation that “the Land Use Map for the proposed project 
shall be revised to remove development from all areas with elevations in excess of 900 
feet” at some future time. Zoning and land use entitlements must be consistent with the 
General Plan at the time of approval; the City cannot approve inconsistent plans with a 
provision that they be amended to conform later. The Master Plan Land Use Map must be 
amended now to remove all development from areas with elevations in excess of 900 
feet. 

As noted above, the Master Plan fails to map or to protect the Site’s 
important ridgelines. It is therefore inconsistent with City policies designed to ensure 
good land stewardship, particularly: 

Policy 2-G-8: Ensure that hillside development enhances the built environment, 
improves safety through slope stabilization, is respectful of topography and other 
natural constraints, and preserves ridgelines and viewsheds. 
 

DEIR 4.2-11. As the EIR itself admits: “Policy 2-G-8 is intended to preserve ridgelines 
and viewsheds. The proposed project would involve grading of hillside areas, which 
would not be consistent with the forementioned City polic[y].” DEIR 5-12 (emphasis 
added). To eliminate this inconsistency, the Project must be revised to protect all 
ridgelines on the Site, including those that were originally designated in Figure 4.2-3 in 
the General Plan DEIR. 

VI. The City Council must modify the Master Plan to limit grading. 

The Master Plan map analyzed in the EIR designates 339.1 acres for 
residential development, with additional grading of open space shaded gray. DEIR, 3-10. 
The EIR states that open space grading “would not exceed 72.9 acres, or 27.3 percent of 
the designated Open Space” and assumes total grading of 412 acres (339.1 + 72.9). EIR, 
3-11, 4.3-31. But after the DEIR was released, Seeno sent the City new development and 
grading maps, dated June 23, 2020. Ex. 18 at 1. The development map shows a slightly 
increased development footprint (341 acres). Ex. 18 at 2. But the updated grading map 
shows that 119.55 acres—45% of the open space—will be graded, with a total grading 
footprint of 460.6 acres, or three-quarters of the entire Site. Ex. 18 at 3-4.  
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Nothing in the Project Approvals expressly limits grading to the footprint 
or to the total of 412 acres identified in the EIR. To ensure that the Project does not have 
impacts beyond what was analyzed in the EIR, the City must limit grading to the areas set 
forth in the EIR Map and establish a maximum grading cap of 72.9 acres of open space 
and 412 acres total. The City must also include a map showing the limits of grading in the 
Master Plan, as well as a condition in the Master Plan that any increase in grading above 
this amount will require supplemental CEQA review that will be circulated for public 
review and comment. 

VII. The RUFEIR must be circulated for public review in accordance with CEQA. 

CEQA requires that, when preparing a subsequent or supplemental EIR, the 
lead agency must issue notices of preparation (“NOP”) and completion, file them with the 
State Clearinghouse, provide a 45-day comment period, and consult with public agencies. 
§ 21091(a); Guidelines §§ 15082-88, 15105, 15162(d), 15163(c) (subsequent or 
supplemental EIR requires “the same kind of notice and public review as is given to a 
draft EIR”). 

The City has failed to follow this procedure. Instead it released the 
RUFEIR with no NOP and with no formal comment period. The failure to provide 
adequate opportunity for public engagement on the RUFEIR, despite the Superior Court’s 
ruling that the original FEIR was invalid, violates CEQA. See, e.g., Woodward Park 
Homeowners Assn., Inc. v. City of Fresno (2007) 150 Cal.App.4th 683, 690 (where an 
agency’s actions violate CEQA, “it must do the environmental review process over if it 
wants to approve the project”). 

While the RUFEIR asserts that no recirculation is required under CEQA 
Guidelines Section 15088.5(a), this provision is inapplicable. Where a court holds that an 
EIR is legally inadequate, public review and comment on the revised environmental 
analysis is mandatory. See Mountain Lion Coalition v. Fish & Game Com. (1989) 214 
Cal.App.3d 1043, 1052 (deficient analysis could not be “bolstered by a document that 
was never circulated for public comment”); Galante Vineyards v. Monterey Peninsula 
Water Management Dist. (1997) 60 Cal.App.4th 1109, 1124-25 (where “original EIR is 
inadequate,” the “procedures for addressing postcertification changed circumstances or 
new information are inappropriate” and the agency must “void its certification of the EIR 
and [] prepare a supplemental EIR”). 

In addition, the RUFEIR fails to include, or to respond to, any of the 
comments submitted after those on the partially recirculated draft EIR.  For example, it 
fails to include or respond to extensive comments submitted by Save Mount Diablo, East 
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Bay Regional Park Districts (“EBRPD”), LAFCO and other public agencies and 
organizations on the Final EIR, released in July 2020, or prior to the Planning 
Commission hearing on July 28, 2020 or the City Council hearing on February 22, 2021. 
All of these comments and attached exhibits are part of the record for the City Council’s 
consideration of the Project, as well as being part of the administrative record for this 
case. Save Mount Diablo incorporates by reference all of these comments and their 
attachments, including but not limited to its August 21, 2020 comment letter on the FEIR 
and February 22, 2021 letter to the City Council and EBRPD’s August 24, 2020 
comments on the FEIR and February 19, 2021 letters to the City Council. The RUFEIR 
also fails to include, or respond to, the comments submitted to the Planning Commission 
on the January RUFEIR. The City cannot simply ignore these and other comments, but 
must prepare meaningful responses to them.  

Save Mount Diablo therefore requests that the City issue a new NOP and 
circulate a revised environmental analysis for a 45-day comment period, just as it did 
for the draft EIR to allow the public and resource agencies an adequate time to prepare 
comments. It also asks the City to postpone the City Council meeting, currently 
scheduled for April 17, 2023, and continue any City Council decision on the matter until 
after that comment period has closed and the City has prepared responses to comments. 
Finally, it asks that the revised analysis respond to the questions and comments set forth 
in this letter and any other public comments. 

VIII. Conclusion 

Save Mount Diablo respectfully requests that the City delay any 
consideration of the Project for 45 days to allow further discussions with Discovery,  
additional public review, and further consideration of the other issues raised in this letter. 
If the City Council goes forward, it requests that City Council deny approval of the Faria 
Project as currently proposed, as recommended by the Planning Commission.  
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 Very truly yours, 

 
SHUTE, MIHALY & WEINBERGER LLP 
 

 
 
 
Winter King 

 
 
cc: John Funderburg, Assistant Director of Planning (jfunderburg@pittsburgca.gov) 
 
 
 
WK:SF   
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emissions, health, and economic outcomes within this Scoping Plan requires 
coordination, investment, and partnerships across all levels of government and sectors 
of the economy. It is possible that not all of the actions at the identified level will begin in 
2025. This uncertainty will result in diminished levels of beneficial outcomes quantified in 
the Scoping Plan Scenario. The levels of NWL action identified in this Scoping Plan 
represent CARB’s assessment of the pace and scale of action needed to achieve the 
carbon stock targets and CO2 removal targets identified in this Scoping Plan. 

The Scoping Plan Scenario identifies that 2.3 million acres of forests, shrubland, and 
grassland management annually would achieve substantial levels of fire emissions 
reductions and the concomitant health and economics benefits. Currently, 1 million acres 
of forest treatment annually is the joint federal and state government goal (500,000 acres 
each). This target of one million acres annually by 2025 is for the purposes of increasing 
forest health and wildfire resilience in the near term, whereas the 2.3 million acre target 
is what the Scoping Plan modeling shows would be needed to realize the carbon stock 
target called for in this Scoping Plan by 2045. By identifying 2.3 million acres of climate 
action annually in forests, shrublands, and grasslands, this Scoping Plan emphasizes the 
importance of that 1 million acre annual goal as a milestone on the way to even more 
action and improved fire and air quality outcomes. The modeling indicates that substantial 
improvements to statewide fire emissions will occur at levels of action greater than 1 
million acres per year. If these levels of action do not occur starting in 2025, the Scoping 
Plan has quantified climate benefits that will still occur, but to a lesser extent. In terms of 
fire emissions, compared to the Reference Scenario, 2.3 million acres of forest, shrubland 
and grassland management will result in a 10% reduction in wildfire emissions. At 1 million 
acres per year, this decreases to a 2.5% reduction. If 1 million acres per year is also not 
accomplished, then the emissions and health benefits are even lower.  

Climate action in other NWL sectors also generates many co-benefits. Climate action 
identified in this Scoping Plan is aimed at not only fighting climate change but also 
improving air quality and public health. The climate action identified in the agricultural 
sector, for example, should result in decreased pesticide and synthetic fertilizer use. This 
decrease of synthetic chemical use in agriculture across California also should result in 
improved public health, especially for communities that work and live in and around 
agricultural lands. However, as with the forestry sector, the benefits of climate action in 
agricultural lands and in any other land are dependent on how much implementation takes 
place. Ramping up increased healthy soils practices and increasing organic agriculture in 
California will require continued and sustained implementation by private industry and 
public agencies. For example, achieving the carbon stock outcomes for the annual crops 
called for in this Scoping Plan would require deployment and maintenance of healthy soils 
practices on 80,000 additional acres of croplands in California every year between 2025 
and 2045. For context, CDFA’s Healthy Soils Program, which is an incentive program 



100 

 

supporting healthy soils practices, took almost four years of sustained funding to achieve 
approximately 50,000 acres total under healthy soils practices.173 

Given the uncertainty around the modeling assumptions, and performance uncertainty as 
specific policies are fully designed and implemented, estimates associated with the 
Scoping Plan Scenario are certain to be different than what is ultimately implemented. 
One way to mitigate for this is to develop policies that can adapt and increase certainty in 
GHG emissions reductions. Periodic reviews of progress toward achieving the 2030 
target and longer term deeper decarbonization, as well as performance of specific 
policies, also provide opportunities for the state to consider any changes to ensure we 
remain on course to achieve the 2030 target and carbon neutrality. The need for this 
periodic review process was anticipated in AB 32, as it calls for updates to the Scoping 
Plan at least once every five years. For this Scoping Plan, the metrics provided on the 
rate of deployment of clean fuels and technologies, along with the annual AB 32 GHG 
Inventory, provide additional information that can be used to assess progress on sectors 
and aggregate emissions. This is also true of CARB’s NWL carbon inventory. An 
uncertainty analysis for achieving an accelerated 2030 target is provided toward the end 
of this chapter.  

Targeted Evaluations for the Scoping Plan: Oil and Gas 
Extraction and Refining 
To achieve California’s air quality and climate goals, we must end our dependence on 
petroleum. This will not happen overnight. There are about 28 million combustion engine 
heavy- and light-duty trucks and passenger vehicles in California, and these are almost 
always replaced at their end of life. The ZEV Executive Order (EO N-79-20) calls for 
100 percent new ZEV car sales beginning in 2035 and a 100 percent ZEV medium- and 
heavy-duty fleet sales by 2045 where feasible. The result is an ongoing, albeit shrinking, 
pool of vehicles that will continue to require petroleum fuels. To avoid leakage, as called 
for in AB 32, and to meet that remaining demand for petroleum fuel, a complete phaseout 
of oil and gas extraction and refining is not possible by 2045. This Scoping Plan assumes 
a phasedown in both oil and gas extraction as well as petroleum refining in line with the 
reduction in demand for in-state on-road petroleum fuel demand. Since the transportation 
sector is the largest source of GHG emissions and harmful local air pollution, we must 
continue to research and invest in efforts to deploy zero emissions technologies and clean 
fuels, and to reduce VMT. An assessment of ongoing progress and efforts to reduce 

 

 
173 California Department of Food and Agriculture. 2021. Incentives Program 2017–2020 Summary by the 
Numbers. 
https://www.cdfa.ca.gov/oefi/healthysoils/docs/HSP_Incentives_program_level_data_funded_projects.pdf. 

https://www.cdfa.ca.gov/oefi/healthysoils/docs/HSP_Incentives_program_level_data_funded_projects.pdf
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demand for petroleum fuels and of opportunities to phase down oil and gas extraction 
and refining will be included in the next Scoping Plan update. 

In addition to supplying in-state demand, California is a net exporter of gasoline, diesel, 
and jet fuel. California pipelines supply the Nevada and Arizona regions174 with 
approximately 87 million barrels gasoline equivalent of refined products annually.175 
California pipelines deliver approximately 85% of Nevada’s and 40% of Arizona’s refined 
product. Most finished fuels flowing from California to Nevada and Arizona are currently 
produced by California refineries. To manage the phasedown of oil and gas extraction 
and petroleum refining in California, exports of finished fuels must be considered and 
factored into that process, in addition to the declining in-state demand. The authorities 
and considerations related to supply and demand of petroleum fuels span federal, state, 
and local agencies. If supply of fossil fuels is to decline along with demand, a multi-agency 
discussion is needed to systematically evaluate and plan for the transition to ensure that 
it is equitable.  

This inter-agency work should also consider related topics, such as the following:  

• Direct and indirect job and economic impacts 
• Demand for other liquid fuel types such as renewable fuels, and expected 

volumes  
• Legal considerations  
• Public health benefits  
• Demand and supply strategies for petroleum fuels, including how to avoid short 

term supply constraints that may impact low-income consumers 

Some of these topics were also discussed as part of two studies176 supported by the 
California Environmental Protection Agency, which can serve as a starting point for a 
working group to analyze these questions and develop policy recommendations.  

Oil and Gas Extraction 
On April 23, 2021,177 Governor Newsom directed CARB to evaluate the phaseout of oil 
and gas extraction no later than 2045 as part of this Scoping Plan. As noted above, this 
Scoping Plan still has some California demand for finished fossil fuels (gasoline, diesel, 

 

 
174 CEC. August 2021. A Primer on California’s Pipeline Infrastructure. Petroleum Watch. 
https://www.energy.ca.gov/sites/default/files/2021-08/August_Petroleum_Watch_ADA.pdf. 
175 CEC. March 2020. Petroleum Watch. https://www.energy.ca.gov/sites/default/files/2020-
03/March_2020_Petroleum_Watch.pdf.  
176 CalEPA. 2021. Carbon Neutrality Studies: https://calepa.ca.gov/climate/carbon-neutrality-studies/. 
177 Governor Newsom. April 23, 2021. Governor Newsom Takes Action to Phase Out Oil Extraction in 
California. Press Release. https://www.gov.ca.gov/2021/04/23/governor-newsom-takes-action-to-phase-
out-oil-extraction-in-california/. 

https://www.energy.ca.gov/sites/default/files/2021-08/August_Petroleum_Watch_ADA.pdf
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf
https://calepa.ca.gov/climate/carbon-neutrality-studies/
https://www.gov.ca.gov/2021/04/23/governor-newsom-takes-action-to-phase-out-oil-extraction-in-california/
https://www.gov.ca.gov/2021/04/23/governor-newsom-takes-action-to-phase-out-oil-extraction-in-california/
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and jet fuel) in 2045. This demand is primarily for transportation, including for sectors that 
are directly regulated by the state and some that are subject to federal jurisdiction, such 
as interstate locomotives, marine, and aviation. As discussed more fully below, while 
significant GHG reductions from oil and gas extraction could be achieved as demand for 
fossil fuels is reduced due to strategies in this Scoping Plan, it is not feasible to phase out 
oil and gas production fully by 2045 given this remaining demand. 

In the Scoping Plan Scenario, with successful deployment of zero carbon fuels and non-
combustion technology to phase down petroleum demand, GHG emissions from oil and 
gas extraction could be reduced by approximately 89 percent in 2045 from 2022 levels if 
extraction decreases in line with in-state finished fuel demand. If in-state extraction were 
to be phased out fully, the future petroleum demand by in-state refineries would be met 
through increased crude imports to the state relative to the Scoping Plan Scenario. AB 
32 defines leakage as, “a reduction in emissions in greenhouse gases within the state 
that is offset by an increase in emissions of greenhouse gases outside the state.” AB 32 
also requires any actions undertaken to reduce GHGs to “minimize leakage.” Increases 
in imported crude could result in increased activity outside California to extract and 
transport crude into California. Therefore, our analysis indicates that a full phaseout of in-
state extraction could result in GHG emissions leakage and in-state impacts to crude oil 
imported into the state. Figure 2-6 compares the 2022 emissions from this sector with the 
modeled results when the sector is phased down with in-state petroleum demand. 

 

Figure 2-6: Oil and gas extraction sector GHG emissions in 2022 and 2045 when 
activity is phased down with in-state fuel demand 
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According to California Energy Commission (CEC) data used in Figure 2-7, the total oil 
extracted in California peaked at 402 million barrels in 1986. Since then, California crude 
oil production has decreased by an average of 6 million barrels per year, to about 200 
million barrels in 2020. This steadily decreasing production of crude in California is 
expected to continue as the state’s oil fields deplete. 

 

Figure 2-7: California in-state crude oil production178 

 
A UC Santa Barbara report estimated that, under business-as-usual conditions, California 
oil field production would decrease to 97 million barrels in 2045.179 The business-as-usual 
model assumed no additional regulations limiting oil extraction in California. 

Any crude oil demand by California refineries not met by California crude oil will be met 
by marine imports of Alaskan and foreign crude.180 As shown in Figure 2-8, approximately 
99 percent of crude imports into California are delivered by marine transportation. The 

 

 
178 CEC. No date. Oil Supply Sources to California Refineries. Accessed April 21, 2022. 
https://www.energy.ca.gov/data-reports/energy-almanac/californias-petroleum-market/oil-supply-sources-
california-refineries. 
179 University of California, Santa Barbara. 2021. Enhancing Equity While Eliminating Emissions in 
California’s Supply of Transportation Fuels. 
180 CEC. 2020. Petroleum Watch: How Petroleum Products Move. March. 
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf, and CEC. 
2020. Petroleum Watch: What Types of Crude Oil Do California Refineries Process? February. 
https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf. 
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104 

 

remaining imports occur by rail.181 There are no pipelines that bring crude oil into 
California from out of state.182  

Figure 2-8: Crude oil imports by transportation type183 

 
Crude oil delivered by marine tankers is delivered to onshore storage tanks and 
subsequently to refineries via pipeline. Most crude oil produced in California is delivered 
to California refineries by pipeline. Using historical trends, any increases in imported 
crude above historic levels would result in increased deliveries through the marine ports. 
This increased activity could require more infrastructure to store and move larger volumes 
of crude to the refineries in state. 

 

 
181 CEC. June 2021. Crude Oil Imports by Transportation Type. Accessed March 16, 2022. 
https://www.energy.ca.gov/data-reports/energy-almanac/californias-petroleum-market/crude-oil-imports-
source.  
182 CEC. 2020. Petroleum Watch: How Petroleum Products Move. March. 
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf.  
183 CEC. June 2021. Crude Oil Imports. https://www.energy.ca.gov/data-reports/energy-
almanac/californias-petroleum-market/crude-oil-imports-source.  
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California refineries import a variety of crude oils to meet refinery needs. California 
petroleum refineries are generally designed to process relatively heavy crude relative to 
other U.S. refineries. In 2018, crude inputs to California refineries had an average 
American Petroleum Institute (API) gravity of 26.18 and an average sulfur content of 
1.64 percent. Processing significantly lighter or heavier crude blends would require 
significant changes to a refinery.184 Most crude imported from Alaska and the Middle East 
is relatively light (API gravity > 30) compared to California crude (API gravity < 20).185 If 
California crude production is insufficient to meet the demand at California refineries, then 
California refineries will need access to a similarly heavy source of crude so that the 
average API gravity of crude remains within their established operating window. South 
American crude oil imports into California are the heaviest relative to other regions, and 
therefore they may be the most likely to replace decreased California crude oil supply.186 

In summary, the modeling indicates that demand for petroleum will persist due to legacy 
fleets that will not be replaced until end of life. The modeling also shows what the GHG 
emissions reductions would be if oil and gas extraction activities were phased down in 
line with the reduction of in-state petroleum demand. Trend data shows that oil and gas 
extraction already has been on the decline and will continue to decline. It is possible to 
anticipate the likely regions and types of crude that would be imported to meet in-state 
petroleum demand if in-state extraction was fully phased out by 2045. Importantly, activity 
at the ports would increase, and new infrastructure would be needed to store and deliver 
crude to in-state refineries. And while GHG emissions from this sector would go to zero 
in our AB 32 GHG Inventory with a full phaseout, emissions related to the production and 
transport of crude to California might increase elsewhere, resulting in emissions leakage.  

As the state continues to reduce demand for petroleum, efforts to protect public health for 
communities located near oil and gas extraction sites must also continue. In October 
2021, Governor Newsom directed action to prevent new oil drilling near communities and 

 

 
184 CEC. 2020. Petroleum Watch: What Types of Crude? February. 
https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf.  
185 CEC. 2020. Petroleum Watch: What Types of Crude? February. 
https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf. 
186 CEC. 2020. Petroleum Watch: What Types of Crude? February. 
https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf. 

https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf
https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf
https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf
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expand health protections.187,188 In 2022, the Legislature passed, and the governor 
signed, SB 1137 to protect communities from existing and any new oil and gas extraction 
activities through 3,200 foot setbacks.  

Petroleum Refining 
In the Scoping Plan Scenario CARB modeled a phasedown of refining activity in line with 
petroleum demand. Meeting petroleum demand means sufficient availability of finished 
fuel (gasoline, diesel, and jet fuel). Crude is processed at in-state refineries to produce 
finished fuel. In response to stakeholder requests,189 this evaluation focuses on the 
Scoping Plan Scenario, but with an evaluation of a complete phasedown of refinery 
operations in state. 

The Scoping Plan Scenario results in California petroleum refining emissions of 
4.5 MMTCO2e in 2045; a reduction of approximately 85 percent relative to 2022 levels, 
which is in line with the decline in in-state finished fuel demand.190 Emissions from refining 
can be reduced further through the application of CCS technology, as shown in Figure 2-
9. If in-state refining is phased down to zero and the demand for the finished fuels 
produced by that refining persists, imported finished fuels may be needed to meet the 
remaining in-state demand.191 The current data shows unmet demand for liquid petroleum 
transportation fuels would most likely be met by marine imports. A CEC report notes, “The 
only way for California to receive large amounts of crude and refined products is by 
marine.”192 

 

 
187 Office of Governor Gavin Newsom. 2021. California Moves to Prevent New Oil Drilling Near 
Communities, Expand Health Protections. https://www.gov.ca.gov/2021/10/21/california-moves-to-
prevent-new-oil-drilling-near-communities-expand-health-protections-
2/?msclkid=6c0da86bc58e11ecb81cf596d4d8a735. 
188 California Department of Conservation Geologic Energy Management Division. October 2021. Draft 
Rule for Protection of Communities and Workers from Health and Safety Impacts from Oil and Gas 
Production Operations. https://www.conservation.ca.gov/calgem/Pages/Public-
Health.aspx?msclkid=45660232cf2511ecb1c56119097e3b0c. 
189 California Environmental Justice Alliance. October 22, 2021. Comment on 2022 Scoping Plan Update - 
Scenario Inputs Technical Workshop. https://www.arb.ca.gov/lists/com-attach/68-sp22-inputs-ws-
WzhdPlI5AjACW1Qx.pdf. 
190 This reduction in demand does not assume any need for ongoing operations to support exports to 
neighboring states. 
191 If demand assumes an ongoing need to support exports to neighboring states, the residual demand 
would require a five-fold increase in finished fuel imports.  
192 CEC. 2020. Petroleum Watch: How Petroleum Products Move. March. 
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf. 

https://www.gov.ca.gov/2021/10/21/california-moves-to-prevent-new-oil-drilling-near-communities-expand-health-protections-2/?msclkid=6c0da86bc58e11ecb81cf596d4d8a735
https://www.gov.ca.gov/2021/10/21/california-moves-to-prevent-new-oil-drilling-near-communities-expand-health-protections-2/?msclkid=6c0da86bc58e11ecb81cf596d4d8a735
https://www.gov.ca.gov/2021/10/21/california-moves-to-prevent-new-oil-drilling-near-communities-expand-health-protections-2/?msclkid=6c0da86bc58e11ecb81cf596d4d8a735
https://www.conservation.ca.gov/calgem/Pages/Public-Health.aspx?msclkid=45660232cf2511ecb1c56119097e3b0c
https://www.conservation.ca.gov/calgem/Pages/Public-Health.aspx?msclkid=45660232cf2511ecb1c56119097e3b0c
https://www.arb.ca.gov/lists/com-attach/68-sp22-inputs-ws-WzhdPlI5AjACW1Qx.pdf
https://www.arb.ca.gov/lists/com-attach/68-sp22-inputs-ws-WzhdPlI5AjACW1Qx.pdf
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf
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There are currently no pipelines capable of bringing refined products to the state, and rail 
imports of refined products have historically made up less than 1 percent of all imports.193 
Significant increases in marine imports would likely require significant reconfiguring, 
retrofitting, or replacement of crude pipelines and storage tanks at current marine 
terminals, and possible reconfiguring of existing finished fuel infrastructure to account for 
changes in volumes and locations of supply points. 

 

Figure 2-9: Petroleum refining sector GHG emissions in 2022 and 2045 (with and 
without CCS) when activity is phased down with fuel demand 

 
If California’s finished fuel demand is not met by continued refining activity in California, 
the state would need to import finished fuels to meet the ongoing demand. This would 
likely result in a two- to five-fold increase in the number of finished fuel ship deliveries to 
marine terminals. Marine tankers delivering refined products are often much smaller than 
crude oil tankers, so changes in fuel use and emissions cannot be easily estimated from 
the change in both the type and the number of ship deliveries.194  

 

 
193 CEC. 2020. Petroleum Watch: How Petroleum Products Move. March. 
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf. 
194 Personal communication with CEC staff, March 2022; U.S EIA. 2017. World Oil Transit Chokepoints. 3. 
https://www.eia.gov/beta/international/regions-topics.php?RegionTopicID=WOTC. 
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If refining ceased in California, the rail and marine deliveries currently needed to support 
both refining processes and the export of waste products, such as petroleum coke, would 
cease. 

In summary, the modeling indicates that demand for petroleum will persist through 2045. 
The modeling also shows what the GHG emissions reductions would be if refining 
activities were phased down in line with the reduction in in-state petroleum demand. CCS 
can further reduce emissions for this sector. Importantly, activity at the ports would 
increase, and new infrastructure would be needed to store and deliver finished fuel across 
the state, if in-state refining were fully phased down by 2045. And while GHG emissions 
from this sector would go to zero in our AB 32 GHG Inventory with a full phaseout, 
emissions related to the refining and transport of finished fuel to California might increase 
elsewhere, resulting in emissions leakage.  

Progress Toward Achieving the Accelerated 2030 Target 

The 2017 Scoping Plan laid out a path to achieving the SB 32 target of at least a 
40 percent reduction of GHG emissions below 1990 levels by 2030 that focused on 
reducing emissions in the state and was technologically feasible and cost-effective, 
reflecting statutory direction. Many of the programs to achieve the 2030 target increased 
in stringency beginning January 1, 2021. However, the 2030 target must be increased to 
help achieve the deeper reductions needed to meet the state’s statutory carbon neutrality 
target specified in AB 1279 and Executive Order B-55-18.  

Starting in 2020 and extending into 2022, the COVID-19 pandemic impacts reverberated 
across the globe in a multitude of ways, including the devastating loss of millions of lives. 
The pandemic also had a significant impact on GHG emissions by virtue of its impact on 
global economies and lifestyle changes for Californians, with extended work and school 
disruptions. Thus, assessing our progress toward meeting our SB 32 target is confounded 
by the unprecedented nature of the pandemic. Nevertheless, an assessment of progress 
toward the 2030 target is critical, in particular the accelerated 2030 target called for in this 
Scoping Plan, since achieving the accelerated 2030 target would make the state well 
positioned to achieve its carbon neutrality goals and bring critical near-term air quality 
benefits to address historical and ongoing disparities in access to healthy air. Because 
there is only one year of data available for this decade, the analysis takes a prospective 
look using projected emissions over the remainder of this decade.  

Estimating GHG emissions in 2030 requires projecting the effect of policies or measures 
that are currently deployed and undergoing implementation. Table 2-4 shows three 
distinct estimates of GHG emissions in 2030 that were created at different times and used 
different modeling approaches. 
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Table 2-4: Estimates of 2030 GHG emissions 

Scenario Description 2030 GHG 
Emissions 
(MMTCO2e)  

2017 Scoping Plan: the projected outcome from implementing 
policies identified in the 2017 Scoping Plan that was approved by 
the CARB Board in December 2017. 

320 

Reference Scenario: the assessment of current trends and 
expected performance of policies identified in the 2017 Scoping 
Plan, as of February 2022, using the PATHWAYS model (E3). 

305 

Reference Scenario (Rhodium): the analysis of projected emissions 
from 2021 to 2030 from state and federal policies implemented as of 
July 2022, including the estimated impact of the Inflation Reduction 
Act and Advanced Clean Cars II using RHG-NEMS and other 
Rhodium Taking Stock 2022 methods (https://rhg.com/wp-
content/uploads/2022/07/Taking-Stock-2022_US-Emissions-Outlook.pdf).  

324 

These three estimates of 2030 GHG emissions differ, which is expected. The estimates 
reflect different outcomes of the current and future impact of policies and measures. They 
also vary due to fundamental differences in the way these models work. For example, 
PATHWAYS is an economy-wide, scenario-based GHG accounting tool that tracks 
energy demands and supplies in line with scenario assumptions and is benchmarked to 
historical values. RHG-NEMS optimizes both the supply and demand sides of the energy 
system while factoring in consumer constraints and dynamic economic and energy 
systemwide feedback. Importantly, while these point estimates give the appearance of 
certainty and accuracy, there is significant uncertainty in future emissions projections that 
is documented thoroughly in each of the three emissions scenarios described above. No 
model can predict the future given unforeseen factors such as notable economic swings 
and implementation delays for programs. However, the range of emissions estimates 
provides a useful indication of possible outcomes from successful implementation of 
policies and measures. 

An important source of uncertainty is the impact of delayed implementation of policy 
measures and market actions. The successful rate of deployment of clean technology 
and fuels—including consumer adoption patterns, economic recovery from the pandemic, 
and the permitting and build-out of necessary new assets and reuse of existing assets to 
produce and deliver clean energy—is essential to reach GHG emission reduction targets. 
Any delays will only increase GHG emissions in 2030. 

https://rhg.com/wp-content/uploads/2022/07/Taking-Stock-2022_US-Emissions-Outlook.pdf
https://rhg.com/wp-content/uploads/2022/07/Taking-Stock-2022_US-Emissions-Outlook.pdf
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It is important to note that incentives, carbon pricing, and regulations all can result in 
similar types of responses including, but not limited to: 

• Build-out of clean energy and infrastructure 
• Deployment of clean technology 
• Reduced demand for fossil energy 
• Efficiency improvements 

As such, the uncertainty analysis discussion focuses on implementation (technology and 
infrastructure deployment), and not any specific programs or policies. It is successful 
implementation that must ultimately happen for emissions reductions to be realized.  

The uncertainty analysis described in Appendix J (Uncertainty Analysis) quantifies the 
impact of delayed permitting and building of renewable generation and transmission in 
the power sector and delayed adoption of ZEVs across all vehicle fleets in the 
transportation sector. The Reference Scenario (Rhodium) estimates emissions in 2030 
to be 324 MMTCO2e. A five-year delay in renewable capacity would increase emissions 
by 8 percent in 2030 (25 MMTCO2e) relative to the Reference Scenario. If similar delays 
in clean energy production and deployment occur in other sectors, a larger increase in 
emissions relative to the reference scenario would be expected, jeopardizing the state’s 
ability to achieve the 2030 target. Similarly, a delay in consumer adoption of zero emission 
vehicles (LDV, MDV, HDV) would increase emissions by 6 percent in 2030 
(19 MMTCO2e) relative to the Reference Scenario. Delays in transitioning to electric 
equipment and appliances in homes and businesses would also lead to increased 
emissions in 2030. Figure 2-10 illustrates the impact on projected emissions in 2030 
associated with delayed renewable capacity and delayed transportation vehicle 
electrification. 
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Figure 2-10: Impact of delayed implementation on 2030 GHG emissions195 

 
Appendix J (Uncertainty Analysis) includes additional details on the assumptions and 
model used for the uncertainty analysis and the risks to achieve the emissions reductions 
from 2022 to 2030 that are anticipated in the Scoping Plan Reference Scenario. While 
the analysis focuses on renewable capacity and transportation, the analysis identifies a 
common set of themes that can impact emissions reductions across economic sectors, 
including permitting, technology availability, and consumer adoption. The impact of 
delayed emissions reductions will vary by sector and by the specific policy at risk of delay.  

We give these quantitative examples of the impact implementation delays can have on 
GHG reductions, but almost every economic sector will have the need for permitting to 
enable at least a 40 percent reduction below 1990 levels. If we consider the increased 
ambition of the Scoping Plan Scenario, which identifies an accelerated 2030 target, the 
same types of uncertainty manifest themselves in successful implementation of the 
Scoping Plan Scenario, with the added need for CCS and CDR and a need to grow other 
energy sectors such as hydrogen. 

 

 

195 The implementation delay scenarios were modeled separately and do not necessarily reflect the 
combined impact of delayed renewable capacity and transportation vehicle electrification. 
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Cap-and-Trade Program Update 
Since the adoption of the first Scoping Plan in 2008, carbon pricing in the form of a Cap-
and-Trade Program has been part of the portfolio to achieve the state’s GHG reduction 
targets, and it will remain critical as we work toward carbon neutrality. This section 
provides an update on the program and its role in achieving the 2030 target. 

The Cap-and-Trade Program first came into effect in 2012, under AB 32, and included 
declining allowance caps through 2020. In 2017, AB 398196 was passed by a 
supermajority in the Legislature and included prescriptive direction on the design of the 
program from 2021 through 2030. The AB 398 Cap-and-Trade Program came into effect 
on January 1, 2021, and it included the following changes: 

• Doubling of stringency with an annual cap decline of 4 percent per year from 2021–
2030 

• AB 398 price ceiling  
• AB 398 redesigned allowance price containment reserve with two tiers 
• AB 398 100 percent leakage assistance factor for industry 
• AB 398 lower offset limits: Usage limit cut from 8 percent to 4 percent, and half of 

offsets must provide direct benefits to California 

The reduction in the role of offsets in the program was in recognition of ongoing concerns 
raised by environmental justice advocates regarding the ability of companies to use 
offsets for compliance instead of investing in actions on site to reduce GHG emissions 
that could also potentially reduce criteria or toxic emissions.197,198 Note that data show 
the relationship between facility emissions of GHGs and co-pollutants is highly variable 
by sector and pollutant.199 Changes to the allowance price containment reserve and the 
addition of the price ceiling were included to ensure protections against price spikes in 
the program, while the changes to the leakage assistance factors were to ensure the 
maximum protection against leakage in the program. The original design of the program 
included an auction floor price that increases by 5 percent plus inflation each year, and 

 

 
196 Assembly Bill 398 (Garcia, Chapter 135, Stats. of 2017). California Global Warming Solutions Act of 
2006: market-based compliance mechanisms: fire prevention fees: sales and use tax manufacturing 
exemption. https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB398.  
197 OEHHA. 2022. Impacts of Greenhouse Gas Emission Limits Within Disadvantaged Communities. 
https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf.  
198 The OEHHA report also found that companies that use the most offsets often own the facilities that 
contribute to local PM2.5 exposure. However, there was no causal relationship found to indicate that 
implementation of the Cap-and-Trade Program was contributing to increases in local air pollution. Also 
see: CARB. FAQ Cap-and-Trade Program. https://ww2.arb.ca.gov/resources/documents/faq-cap-and-
trade-program. 
199 OEHHA. 2022. Impacts of Greenhouse Gas Emission Limits Within Disadvantaged Communities. 
https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf. 

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB398
https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf
https://ww2.arb.ca.gov/resources/documents/faq-cap-and-trade-program
https://ww2.arb.ca.gov/resources/documents/faq-cap-and-trade-program
https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf


113 

 

that escalation factor is retained in the post-2020 program and is also applied to the 
allowance price containment reserve and price ceiling. These features, combined with the 
self-ratcheting mechanism for unsold allowances at auctions,200 help to ensure the 
program is able to handle periods of high and low demand for allowances while continuing 
to ensure a steadily increasing price signal for regulated entities to invest in GHG 
reduction technologies. 

As a result of achieving the 2020 target several years earlier than mandated by law, there 
are unused allowances in circulation. CARB estimated the amount to be approximately 
310 million allowances after the conclusion of the third compliance period (2018–2020).201 
AB 398 had also called for a similar analysis, which was completed in 2018.202 This bank 
represents approximately 5 percent of the total number of vintage 2013–2030 allowances 
issued within the joint market. This bank of allowances can only remain banked if year-
over-year the covered emissions are declining by 14 MMT. If the annual decline in actual 
emissions is less than 14 MMT, regulated entities will need to use the banked allowances 
to cover their compliance obligations. It is likely that the existing bank of 310 million 
allowances will be needed over the early part of this decade and will be exhausted by the 
end of the decade. During the same period, prices for allowances will continue to increase 
at least 5 percent plus inflation year-over-year, sending a steadily increasing price signal 
to spur investment in onsite reductions for covered entities.  

With the passage of AB 1279, the state has a statutory target to achieve carbon neutrality 
no later than 2045. This Scoping Plan demonstrates that planning on a longer time frame 
for the new carbon neutrality target means we must accelerate our near-term ambition for 
2030 in order to be on track to achieve our longer-term target. CARB will use the modeling 
for this Scoping Plan to assess what changes may be warranted to the Cap-and-Trade 
or other programs to ensure we are on track to achieve an accelerated 2030 target. Since 
the original adoption of the Cap-and-Trade regulation, the program has been amended 
eight times through a robust public process. Moreover, then-California Environmental 
Protection Agency Secretary Jared Blumenfeld testified at a Senate hearing in 2022 that 
CARB will report back to the Legislature by the end of 2023 on the status of the allowance 
supply with any suggestions on legislative changes to ensure the number of allowances 

 

 
200 The self-ratcheting mechanism temporarily removes unsold allowances from the market until either 
sufficient demand manifests for two consecutive auctions and they are incrementally reintroduced at 
future auctions, or they are permanently removed from general circulation if demand remains low. 
201 CARB. 2022. BR 18-51 Cap-and-Trade Allowance Report. Attachment A. 
https://ww2.arb.ca.gov/sites/default/files/cap-and-trade/Allowance%20Report_Reso18_51.pdf.  
202 CARB. 2018. Staff Report: Initial Statement of Reasons: Proposed Amendments to the Cap on 
Greenhouse Gas Emissions and Market-Based Compliance Mechanisms Regulation. September 4. 
https://www.arb.ca.gov/regact/2018/capandtrade18/ct18398.pdf?_ga=2.134288305.1735610122.1664813
952-1100516233.1657841496. 

https://ww2.arb.ca.gov/sites/default/files/cap-and-trade/Allowance%20Report_Reso18_51.pdf
https://www.arb.ca.gov/regact/2018/capandtrade18/ct18398.pdf?_ga=2.134288305.1735610122.1664813952-1100516233.1657841496
https://www.arb.ca.gov/regact/2018/capandtrade18/ct18398.pdf?_ga=2.134288305.1735610122.1664813952-1100516233.1657841496
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is appropriate to help the state achieve its 2030 target of at least 40% below 1990 levels. 
As part of that status update, CARB will also provide information on any potential program 
changes that may be needed to allowance supply to help achieve an accelerated target 
for 2030 identified in this Scoping Plan as necessary to achieve carbon neutrality no later 
than 2045. Engaging in this process in 2023 will allow for the consideration of this Scoping 
Plan, inclusion of additional data points for the second year of operation of the AB 398-
designed program (which only came into force in January 2021), and an opportunity to 
hold public workshops.  

It is also worth noting that the COVID-19 pandemic had significant impacts on economic 
activity in California and elsewhere.203 Emissions were significantly lower in 2020 due to 
the impacts of the global pandemic. There is an expectation that emissions will increase 
as the economy recovers and behaviors continue to shift from the impacts of the ongoing 
pandemic. As a result, 2020 should be regarded as an outlier in the emissions trends. 
This scenario of increasing emissions is similar to what happened in the first compliance 
period for Cap-and-Trade, where the state economy was recovering from the Great 
Recession and does not correlate to a problem with the structure of this program or other 
programs that cover emissions related to the manufacturing or transportation sectors. In 
any assessment of this and other programs, it is essential to consider external factors 
such as economic activity and availability of zero carbon energy such as hydropower, 
among others. 

To better understand the role of the Cap-and-Trade Program in achieving the 2030 target, 
Table 2-5 compares the 2030 GHG emissions estimates from the three reference 
scenarios described in Table 2-4. The 2017 Scoping Plan projection is from the 
PATHWAYS model for the Scoping Plan Scenario approved by the Board in late 2017. It 
excludes the contribution of the Cap-and-Trade Program, without any consideration of 
uncertainty factors (i.e., a characterization of the uncertainty that a given GHG reduction 
measure included in the 2017 Scoping Plan will actually achieve the GHG reductions it is 
projected to deliver). The Reference Scenario represents what GHG emissions would 
look like if we did nothing beyond the existing policies that are required and already in 
place to achieve the 2030 target; this scenario is based on the recent PATHWAYS 
modeling, excluding the contribution of the Cap-and-Trade Program, and without any 
consideration of uncertainty factors. It indicates that GHG emissions will be lower over 
this decade than originally projected when the 2017 Scoping Plan was approved. The 

 

 
203 CARB. November 4, 2021. Mandatory Greenhouse Gas Reporting - 2020 Emissions Year Frequently 
Asked Questions. https://www.arb.ca.gov/cc/reporting/ghg-rep/reported-
data/2020mrrfaqs.pdf?_ga=2.264251343.1760432228.1650736660-1644197524.1577749754.  

https://www.arb.ca.gov/cc/reporting/ghg-rep/reported-data/2020mrrfaqs.pdf?_ga=2.264251343.1760432228.1650736660-1644197524.1577749754
https://www.arb.ca.gov/cc/reporting/ghg-rep/reported-data/2020mrrfaqs.pdf?_ga=2.264251343.1760432228.1650736660-1644197524.1577749754
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Reference Scenario (Rhodium) which also does not include uncertainty bounds, is the 
modeling used for the uncertainty analysis above.  

Importantly, PATHWAYS is not able to explicitly model a carbon pricing policy, and 
therefore the Cap-and-Trade Program is not represented in the 2017 Scoping Plan or the 
Reference Scenario. Carbon pricing is included in RHG-NEMS, which reflects state and 
federal policies included in the U.S. Energy Information Administration (EIA) Annual 
Energy Outlook 2022 and the National Energy Systems Model (NEMS), which is the basis 
for RHG-NEMS.204  

As detailed in EIA’s documentation, California’s Cap-and-Trade Program is represented 
through increased energy prices, which flow across economic sectors.205 However, many 
of the emissions covered by the California Cap-and-Trade Program are not energy- and 
fuel-related emissions. Given that, the energy systems model RHG-NEMS was used to 
model the impact of California Cap-and-Trade on the energy system. However, RHG-
NEMS does not explicitly model the entire program, which includes non-energy related 
emissions from the industrial, agricultural, waste, and transportation sectors. 

  

 

 
204 U.S. EIA. 2022. Summary of Legislation and Regulations Included in the Annual Energy Outlook 2022. 
March. https://www.eia.gov/outlooks/aeo/assumptions/pdf/summary.pdf.  
205 U.S. EIA. 2022. Electricity Market Module. 
https://www.eia.gov/outlooks/aeo/assumptions/pdf/electricity.pdf. 

https://www.eia.gov/outlooks/aeo/assumptions/pdf/summary.pdf
https://www.eia.gov/outlooks/aeo/assumptions/pdf/electricity.pdf
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Table 2-5: Comparison of 2017 Scoping Plan and two Reference Scenarios 

 2030 GHG 
Emissions 
(MMTCO2e)  

(2017 Scoping 
Plan) 

2030 GHG 
Emissions 
(MMTCO2e) 

(Reference 
Scenario) 

2030 GHG 
Emissions 
(MMTCO2e) 

(Reference 
Scenario-
Rhodium) 

Reference Scenarios 320 305 324 

Gap to Accelerated 
2030 Target under 
the Scoping Plan 
Scenario (226)206 

94 79 98 

 

Under the Scoping Plan Scenario, in 2030 California emissions are anticipated to be 48% 
below 1990 levels. This represents an acceleration of the current SB 32 target of a 40% 
reduction below 1990 levels. Table 2-5 includes the gap between the different reference 
scenarios and the accelerated 2030 target achieved under the Scoping Plan Scenario. It 
also shows that depending on the modeling, there are a range of potential emissions 
levels in 2030 prior to accounting for the full impact of the Cap-and-Trade Program on 
emissions. That range is from 305 to 324 MMTCO2e in 2030. That represents a 19 
MMTCO2e spread, or about 8.4 percent of the accelerated 2030 target of 226 MMTCO2e. 
Importantly, none of these scenarios includes all of the actions identified in the Scoping 
Plan Scenario for this Scoping Plan; many of those actions, such as SB 596, CCS, and a 
more stringent LCFS program, will only begin to happen in this decade, and their 
contributions toward meeting the accelerated 2030 target are therefore not included in 
the reference scenarios. The actual emissions for the remainder of this decade will 
therefore likely be lower than in each of the scenarios in Table 2-5 once policies and 
regulations are in place to support an accelerated 2030 target. However, the degree of 
this difference between actual and projected emissions will differ across the modeled 
reference scenarios. 

 

 
206 Table 3 from the 2017 Scoping Plan included a range of 34 to 79 MMTCO2e for reductions needed 
from the Cap-and-Trade Program to achieve a 2030 target of 40 percent below 1990 levels. 
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Regardless of the uncertainty and differences in the models, it is clear additional GHG 
reductions must happen over this decade to achieve an accelerated 2030 target. This will 
require an evaluation of all major programs to assess the need to increase their stringency 
between now and 2030. As the actual reductions from non-Cap-and-Trade Program 
measures increase, California will be less reliant on the Cap-and-Trade Program to “fill 
the gap” to meet an accelerated 2030 reduction target. For example, CARB is developing 
a proposal to increase the stringency of the LCFS program for 2030, the recently adopted 
Advanced Clean Cars ll regulation is more stringent than modeled for the 2030 40 percent 
target in the 2017 Scoping Plan, and SB 596 requires specific reductions in the cement 
sector over this decade and beyond. However, we also know we are not on track to 
achieve the VMT reduction called for in the 2017 Scoping Plan and will need to double 
down to achieve the even more ambitious target called for in the Scoping Plan Scenario. 
Also, we will need additional actions over the coming years to reduce short-lived climate 
pollutants to meet the emission reductions called for in SB 1383.  

Collectively, any additional legislation or prescriptive policies for sectors, delays in 
successful implementation of non-Cap-and-Trade programs and policies, increases in 
incentive program funding, and delays in economic recovery from the pandemic will 
continue to affect the role the Cap-and-Trade Program will need to play over this decade 
to meet the state’s GHG reduction obligations. In summary, the Cap-and-Trade Program 
must continue to be able to scale across a range of possibilities. With passage of AB 1279 
and the need to accelerate the 2030 target, CARB will initiate a public process to utilize 
the modeling results from this Scoping Plan, specifically the Scoping Plan Scenario, to 
evaluate and potentially propose changes to the design of the Program, including the 
annual caps. This process will ensure that the Program supports an increased ambition 
for 2030 while retaining the ability to scale as other factors, such as changing economic 
conditions and implementation of non Cap-and-Trade programs, impact the actual 
emissions at the sources covered by the Program. Any changes to the Program must 
continue to support a well-designed system that continues to send a steadily increasing 
price signal, minimizes for leakage, reduces emissions in the covered sectors toward the 
state’s targets, is cost-effective and technologically feasible, and avoids energy rate 
spikes. Importantly, the Program should support air quality benefits, especially in overly 
burdened communities, and not exacerbate existing air quality disparities.  
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Chapter 3: Economic and Health 
Evaluations 
This chapter provides two approaches for quantifying the economic and health outcomes of the 
Scoping Plan Scenario. One approach is to consider the combined impact of all measures207 in 
a scenario. The other approach is required by AB 197, where each measure within a scenario 
is evaluated independently. In addition to these two evaluation approaches, this chapter also 
includes a discussion of the Public Health implications for the Scoping Plan Scenario, an 
overview of the Climate Vulnerability Metric, and the Environmental Analysis conducted in 
accord with the California Environmental Quality Act (CEQA).  

It is important to note that all of the analyses in this chapter use a variety of data sources, but 
because the modeling is economy-wide at the state level, none of them produce community 
specific detail outputs. The AB 32 GHG Inventory Sector analysis relies on PATHWAYS data at 
the state level that is proportionally applied across all regions of the state to translate changes 
in state level fuel combustion to local level changes. The NWL analysis similarly utilizes a variety 
of data sources and a suite of models that produce data that are scaled up to the statewide level. 
All of the models, except the Wildland Urban Interface (WUI) defensible space model, which is 
conducted at the county level, create aspatial projections that are not applicable at the 
community level. 

Economic Analysis 
As part of the process to develop this Scoping Plan, alternative scenarios that transition energy 
needs away from fossil fuels and achieve carbon neutrality no later than 2045 were developed. 
Alternative scenarios that assess the impact of different land management strategies on carbon 
stocks in NWL were also developed. These alternatives are described in Appendix C (AB 197 
Measure Analysis). The following sections describe the Scoping Plan Scenario in terms of direct 
cost, the economy, employment, and health outcomes.208 

 

 
207 AB 197 calls for the evaluation of “measures.” This Scoping Plan treats each action and its variants on 
stringency as measures for the purposes of this chapter. Appendix C (AB 197 Measure Analysis) lists the 
measures and corresponding modeling assumptions for each alternative and the Scoping Plan Scenario. 
The modeling assumptions for the Scoping Plan Scenario are summarized in Table 2-1. 
208 For the Draft 2022 Scoping Plan Update, achieving carbon neutrality in 2035 and 2045 was evaluated. The AB 
32 GHG Inventory sector direct cost, the economy, employment, and health outcomes were assessed in those 
years. Similarly, the Scoping Plan Scenario assessments that are presented in this chapter were made for years 
2035 and 2045.  
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The California economy is growing, and it is projected to continue to grow about 2 percent each 
year, from $3.2 trillion in 2021 to $5.1 trillion in 2045, as shown in Figure 3-1. Similarly, 
employment in California is anticipated to grow 0.7 percent per year, from 23.5 million jobs in 
2021 to 27.7 million jobs in 2045. It is in this context, termed the Reference Scenario, that CARB 
evaluates the Scoping Plan Scenario in terms of its impact on economic growth and employment. 
The projections shown in Figure 3-1 were produced by CARB to evaluate the incremental impact 
of regulations. 

Figure 3-1: Projected California gross state product (left) and employment growth (right) 
from 2021 to 2035 and 2045  

 

 
Transitioning away from fossil fuels to alternatives and increasing action on NWL will affect 
employment opportunities, household spending, businesses, and other economic aspects of our 
lives. Sectors expected to see growth include renewable electricity and hydrogen production, 
while other sectors may shrink. The deployment of clean technology may require higher upfront 
costs for things like heat pumps and induction stoves, but those could be offset by energy 
efficiency savings. Employment and economic development in NWL-related industries and 
sectors are expected to increase as land management actions increase, especially for the 
Forestry sector (in which a significant increase is called for under the Scoping Plan Scenario). 
The net impact of these actions on employment and jobs is presented in this chapter. 

Estimated Direct Costs 
One key metric is the direct cost, or net investment, reflecting any savings that result from 
actions. Similar approaches were used to estimate direct costs for the AB 32 GHG Inventory 
sectors and for the NWL, as described in this section. 
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AB 32 GHG Inventory Sectors 
Transitioning away from fossil fuels requires investment in new equipment and infrastructure 
throughout the economy. It involves developing the capacity to produce fuels and electricity from 
renewable sources rather than producing fossil energy. This transition also takes time. One 
approach is to eliminate combustion of fossil fuels by replacing all equipment in a specified year. 
Another approach is to establish a future point at which all sales of new equipment rely on 
alternative energy sources and allow the transition to occur over time as equipment is replaced 
upon its end of life. 

To evaluate the investment required through 2045, the PATHWAYS model was used to 
represent equipment stock and its turnover to non-fossil fuel alternatives over time. The 
annualized, incremental cost of infrastructure in excess of the annualized cost of the Reference 
Scenario209 was computed for each year from 2022 through 2045. These costs were computed 
by first taking the absolute cost in each year—which includes both new equipment investment 
and also expenditures on energy, operations, and maintenance in each year—and then 
levelizing the costs (in the same way car or house payments are annualized or spread out over 
time) to arrive at an annualized cost. Fuel savings, and resulting cost savings, associated with 
changing energy demand—from gasoline to electricity for vehicles, for example—are included 
as a result of this methodology. Carbon dioxide removal includes DAC technology powered 
primarily by off-grid solar, BECCS to produce hydrogen or other fuels, and NWL sequestration, 
as discussed in Chapter 2.210 

Figure 3-2 shows the stock investment cost, fuel/efficiency savings, and CDR cost. The Scoping 
Plan Scenario allows end-of-life transition of equipment. The cost of investing in new equipment 
is partially offset by savings associated with efficiency gains and reduced demand for fuels like 
gasoline. This is particularly relevant in the transportation sector, which leads to the majority of 
savings in 2045 in the Scoping Plan Scenario, which models near complete electrification of 
transport relying only on end-of-life replacement of vehicles. Appendix H (AB 32 GHG Inventory 
Sector Modeling) includes additional detail on direct costs in each sector and how costs change 
over time. 

 

 
209 The Reference Scenario described in Chapter 2 and in Appendix H (AB 32 GHG Inventory Sector Modeling) 
was the basis for the direct cost comparison. 
210 The energy source for DAC is not modeled, but renewable electricity and/or hydrogen produced from 
electrolysis are zero-carbon options consistent with the carbon neutrality targets in this Scoping Plan. The 
economic analysis associated the investment in DAC with the solar industry for consistency with the carbon 
neutrality targets.  
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Figure 3-2: Cost and savings relative to the growing California economy for the Scoping 
Plan Scenario in 2035 and 2045 (AB 32 GHG Inventory sectors) 

 

Natural and Working Lands 
For NWL, the direct costs of each management strategy were estimated using available 
academic literature, monitoring and reporting data, survey data, and cost data from existing 
subsidy programs on the per acre cost of implementing the management strategy. These cost 
data, in combination with the acreage of each management strategy under the scenarios, 
provided estimates of the overall direct cost to either the government or the private sector. The 
direct costs are independent of the policy lever used to implement the action and do not include 
many important benefits and externalities of the actions. They are assumed to be constant for 
each scenario and into the future. Avoided or secondary costs, such as those from reductions in 
wildfire suppression expenses, are not included. Appendix I (NWL Technical Support Document) 
includes additional direct cost details. 
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Table 3-1 includes the direct cost estimates for the Scoping Plan Scenario compared to the 
Reference Scenario.211 Direct costs for the NWL sector are expected to be significant due to the 
ambitious level of action for each land type.  

Table 3-1: Cost and savings relative to a growing California economy for the Scoping Plan 
Scenario (NWL) 

Measure Scoping Plan Scenario: 
Average Direct Annual Cost, 
2025–2045 (millions $/year) 

Forests / 
Shrublands / 
Grasslands 

1,780 

Annual Croplands 284 
Perennial 
Croplands 

4 

Urban Forest 4,230 
Wildland Urban 
Interface (WUI) 

114 

Wetlands 28 
Sparsely Vegetated 
Lands 

4 

Totals 6,460 
Note: Table values may not add to total due to rounding. 

CARB estimates that all jurisdictions, including private landowners, currently spend 
approximately $4 billion dollars annually on planting, maintenance, sidewalk repair, tree removal, 
and other expenses related to urban forests, and that reaching the theoretical maximum tree 
cover would require increasing that spending by a factor of 20. The cost of the Scoping Plan 
Scenario is predominantly a mix of urban forests and forests, shrubland, and grasslands 
spending. 

 

 
211 The Reference Scenario described in Chapter 2 and in Appendix I (NWL Technical Support Document) was 
the basis for the direct cost comparison. 
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Economy and Employment 
Two different models were used to estimate the overall impact that investing in a transition away 
from fossil fuels and in our NWL may have on the growing California economy. The transition 
away from fossil fuels was evaluated using the IMPLAN economic analysis model. The NWL 
investments were evaluated using the REMI PI+ economic model. These models provide similar 
outputs relative to the same economic and employment forecasts used to develop a Reference 
Scenario for use in each model. 

AB 32 GHG Inventory Sectors 
To estimate the overall impact that investing in a transition away from fossil fuels may have on 
the California economy, CARB used the IMPLAN model. Additional detail regarding the model, 
assumptions, and methodology are included in Appendix H (AB 32 GHG Inventory Sector 
Modeling). The IMPLAN model is a multisector representation of private industries in the U.S. 
economy that maps economic relationships across industries, households, and governments. 
This model translates direct costs and savings associated with transitioning away from fossil 
fuels with indirect effects such as wages, purchases of goods and services, business tax 
impacts, and supply chain effects. In addition, the induced effects of household purchases, local 
and import purchases, wages paid, and household tax impacts are estimated. This 
comprehensive assessment of the interactions between capital investment in fossil fuel 
alternatives and household purchases provides an indication of the response of the California 
economy to the Scoping Plan Scenario. 

The Scoping Plan Scenario results in a small impact on the Gross State Product (GSP) and 
employment relative to the Reference Scenario, as shown in Figure 3-3. Economic growth is 
largely unaffected by the Scoping Plan Scenario in 2035 and slowed by 0.1 percent in 2045. 
Employment growth is also slowed a small amount, 0.4 percent in 2035 and in 2045, and 
employment still grows. Assuming annual growth rates of 0.7 percent means there would be 
more than 193,000 additional jobs in 2045.  
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Figure 3-3: Gross state product (left) and employment (right) relative to a growing 
California economy for the Scoping Plan Scenario in 2035 and 2045 (AB 32 GHG Inventory 
sectors) 

 
California households will see increased costs from the purchase of new capital stock and 
savings from reduced spending on fuel, as shown in Figure 3-2. Households also will face 
increased costs associated with CDR, costs associated with energy efficiency measures, and 
commercial stock purchases—all of which are assumed to be passed directly to consumers. The 
impact to California households, however, is not limited to these direct costs, as changes in 
relative prices, employment, and wages can affect household well-being. Personal income, 
which captures the direct, indirect, and induced impacts, is a metric commonly used to evaluate 
the impact of policies on households.  

Personal income in California is projected to grow from $2.7 trillion in 2021 to $3.6 trillion in 2035 
and $4.4 trillion in 2045. Household projections are based on California Department of Finance 
population projections, which estimate the state’s population to grow an average of 0.3 percent 
each year from 2021 to 2045.212 California households are projected to increase from 13.3 million 
in 2020 to 14.6 million in 2035 and 15.0 million in 2045. 

 

 
212 California Department of Finance. Population Projections (Baseline 2019). 
https://dof.ca.gov/forecasting/demographics/projections/. 
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While the transition away from combustion of fossil fuels will improve air quality for all 
Californians (and even, more so in overly burdened communities), the economic impacts of the 
Scoping Plan Scenario are unlikely to be equal among Californians. Table 3-2 presents the 
change in income by household income group relative to the Reference Scenario in 2035 and 
2045. While in 2035 there is a net decrease in personal income of $600 million, total income for 
households that make less than $100,000 per year is estimated to decline by $4.1 billion dollars, 
and the total income for households that make more than $100,000 per year will increase by 
$3.5 billion under the Scoping Plan Scenario. In 2045, although there is no net change in 
personal income across all California households, results vary by income level. Total income for 
households that make less than $100,000 per year are estimated to decline by $5.3 billion 
dollars, while the total income for households that make more than $100,000 per year will 
increase by $5.3 billion under the Scoping Plan Scenario. 

Table 3-2: Income Impacts by California household income group in 2035 and 2045 for 
the Scoping Plan Scenario (AB 32 GHG Inventory Sectors) 

Household Income 
Group ($2021) 

Percentage of 
2021 California 
Households213 

Change in Income  
(Billion $2021) 

  2035 2045 

Less than $50,000 30 -2.9 -3.9 

$50,000 to 
$100,000 

27 -1.2 -1.4 

$100,000 to 
$200,000 

28 2.5 4.0 

More than 
$200,000 

15 1.0 1.3 

Total 100 -0.6 0.0 

 

 
213 U.S. Census Bureau. 2021. Household Income. California. 
https://data.census.gov/cedsci/table?q=california%20income.  

https://data.census.gov/cedsci/table?q=california%20income
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In addition to income level, there is likely to be an impact to California personal income that 
varies based on race/ethnicity.214 Table 3-3 shows the percentage of households within each 
income group based on eight race/ethnicity categories identified in the American Community 
Survey 2021. As shown in Table 3-2, households in lower income groups are anticipated to see 
negative impacts, while households in higher income groups are anticipated to see positive 
impacts from the Scoping Plan Scenario in both 2035 and 2045. Because more than 60% of 
households in the race/ethnicity categories of Hispanic, Black alone, Native Hawaiian (HI) or 
Pacific Islander, American Indian or Alaskan Native, Other, and Two or More make less than 
$100,000 per year, these populations generally are likely to experience reduced income. White 
and Asian households will generally experience both increased and decreased income because 
these households are distributed more evenly across all four income groups. 

The state recognizes the need to ensure that accessibility to clean technology and energy do 
not further exacerbate health and opportunity gaps for low-income households and communities 
of color. The Climate Change Investments program exceeds the statutory minimums to invest in 
projects to benefit disadvantaged communities.215 Utilities implement programs for reduced 
energy bills for qualifying low-income customers.216 There are also resources for waste and 
water bills that leverage federal funds.217 CARB also coordinated with the CPUC to ensure that 
the Climate Credit218 funded from the sale of Cap-and-Trade allowances provided to utilities on 
behalf of ratepayers is credited equally to households and not based on how much energy is 
used. These are just a few examples of how the state is designing and implementing programs 
to avoid increasing existing disparities. The state must continue to find ways to relieve economic 
burdens on low-income households. 

  

 

 
214 The number of households in each bracket and the race/ethnicity categories are from American Community 
Survey 2021 results. Population changes through 2035 and 2045 are not forecast. U.S. Census Bureau. 2021. 
Household Income. California. https://data.census.gov/cedsci/table?q=california%20income. 
215 CARB. Priority Populations — California Climate Investments. 
https://www.caclimateinvestments.ca.gov/priority-populations. 
216 CPUC. CARE/FERA Program. https://www.cpuc.ca.gov/lowincomerates/. 
217 California Department of Community Services and Development. Low Income Household Water Assistance 
Program. https:/www.csd.ca.gov/lihwap. 
218 CPUC. California Climate Credit - FAQ. https://www.cpuc.ca.gov/industries-and-topics/natural-
gas/greenhouse-gas-cap-and-trade-program/california-climate-credit/california-climate-credit---faq. 

https://data.census.gov/cedsci/table?q=california%20income
https://www.caclimateinvestments.ca.gov/priority-populations
https://www.cpuc.ca.gov/lowincomerates/
https://www.csd.ca.gov/lihwap
https://www.cpuc.ca.gov/industries-and-topics/natural-gas/greenhouse-gas-cap-and-trade-program/california-climate-credit/california-climate-credit---faq
https://www.cpuc.ca.gov/industries-and-topics/natural-gas/greenhouse-gas-cap-and-trade-program/california-climate-credit/california-climate-credit---faq
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Table 3-3: Percentage of households in each race/ethnicity category by household 
income group 

Household 
Income 
Group 

($2021) 

Households in Income Group (%) 

White Not 
Hispanic Hispanic 

Black 
Alone 

Asian 
Alone 

Native HI 
or Pacific 
Islander 

American 
Indian or 
Alaskan 
Native Other 

Two 
or 

More 

Less than 
$50,000 

26 35 45 25 30 35 37 32 

$50,000 to 
$100,000 

25 32 27 21 31 33 33 30 

$100,000 to 
$200,000 

29 25 21 30 30 26 24 27 

More than 
$200,000 

19 7 7 24 9 7 5 11 

 

Natural and Working Lands 
The macroeconomic impact of the NWL scenario was evaluated separately in the REMI PI+ 
model. For the Scoping Plan Scenario, the macroeconomic impact was modeled by assuming 
that economic activity in the relevant industries grows in proportion to the proposed 
implementation spending in that industry. All funds for implementing the actions were assumed 
to be sourced from within the state. For urban forests, the funds were modeled as being sourced 
from a combination of state government and private property owners in proportion to the current 
estimated private/public spending ratio. For all other actions, funds were assumed to be sourced 
from the state government. In each modeled scenario, government spending and income to 
property owners were reduced relative to the Reference Scenario in proportion to the annual 
costs of implementation. None of the proposed spending was modeled as being sourced from 
increased taxes. Additional details on the methodology for evaluating macroeconomic impacts 
are in Appendix I (NWL Technical Support Document). 

While the macroeconomic model does count the increased economic activity in the affected 
industries as part of GSP, it does not quantify many of the important economic, health, and 
environmental benefits that would occur if these actions were implemented. While these 
benefits—like the reduced use of pesticides, value of urban trees, and increased recreational 
opportunities—would be very significant, they are outside the scope of the macroeconomic 
model.  
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The macroeconomic model also makes projections about the total level of employment in the 
state. The model forecasts that the Scoping Plan Scenario, which greatly increases the level of 
NWL management actions, channels economic activity toward related industries and would lead 
to a slight increase in total employment. (Table 3-4). While the model does aim to accurately 
represent many labor market dynamics, including adjustments of wages and migration rates, it 
does not account for many costs that might be associated with dramatically scaling up 
employment in a particular industry, such as the cost of job training.  

 

Table 3-4: Gross state product and employment relative to a growing California economy 
for the Scoping Plan Scenario in 2035 / 2045 (NWL) 

 Scoping Plan Scenario 
(%) 

Gross State Product  0.00 / 0.01 

Employment  0.12 / 0.10 

Personal Income -0.04 / -0.04 

Personal Income per 
Capita  

-0.04 / -0.14 

Health Analysis 
Air quality is affected by pollutant emissions from various processes associated with energy 
systems, including the combustion of fossil fuels, as well as the combustion of vegetation 
biomass from NWL during wildfires. Pollutants that are important contributors to degraded air 
quality in California include nitrogen oxides (NOx), particulate matter (PM), reactive organic 
gases (ROG), and others. Further, in the atmosphere these pollutants are transported away from 
the locations of the emissions by wind and other phenomena, and undergo chemical reactions 
that result in the formation of new pollutants such as ground-level ozone and fine particulate 
matter (PM2.5). Both primary (emitted) and secondary (formed) pollutants are important from a 
public health standpoint and contribute to the incidence of air pollution-related mortality and 
disease within California populations. Measures focused on GHGs do not incorporate specific 
targets to reduce emissions of PM2.5 or air toxics like benzene. These co-pollutants, which are 
emitted from many of the same pollution sources as GHGs, affect local air quality and pose 
known risks to public health, such as the risk of asthma and cardiovascular disease. Generally, 
for stationary sources, certain harmful pollutants are regulated via local rules and regulations 
that are reflected in permits for stationary sources and are enforced by local air districts, with 
CARB also regulating air toxics contaminants from stationary sources with the air districts. 
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AB 32 GHG Inventory Sectors 
To assess health impacts for the AB 32 GHG Inventory sectors, an integrated modeling 
approach was used to quantify and value the air pollution-related public health benefits of the 
Scoping Plan Scenario relative to the Reference Scenario. Additional details about the models, 
assumptions, and methodology are included in Appendix H (AB 32 GHG Inventory Sector 
Modeling). Using output from the PATHWAYS model, projections of pollutant emissions to 2045 
were developed for stationary, area, and mobile source emissions using a detailed base year 
CARB pollutant emissions inventory. Further, the emissions are processed, including for where 
and when they occur in California, using the Sparse Matrix Operator Kernels Emissions 
(SMOKE) model. For example, on-road vehicle emissions were allocated along existing 
roadways, and refining emissions were assigned to the locations of existing refineries. It should 
be noted that the emissions projections represent statewide average reductions associated with 
high-level assumptions about alternative fuels and technologies. For example, emissions 
occurring from refineries to produce liquid fuels are reduced in line with petroleum demand. This 
reduction is applied equally to all refineries in the Scoping Plan Scenario and does not specify 
individual facility responses to changing demand. Similarly, the Scoping Plan Scenario does not 
specify which refineries transition to biofuel production or where new electricity generation 
facilities are built.  

Next, emission changes were translated into impacts on atmospheric pollution levels, including 
ground-level ozone and PM2.5, via an advanced photochemical air quality model called the 
Community Multiscale Air Quality (CMAQ) model, which accounts for atmospheric chemistry and 
transport. A comprehensive assessment of how pollutant concentrations are impacted 
throughout the year was achieved by simulating all months in 2035 and 2045 for the Scoping 
Plan Scenario.219 Health benefits were estimated using the U.S. EPA’s environmental Benefits 
Mapping and Analysis Program (BenMAP) model to translate pollutant changes into avoided 
incidence of mortality, hospital admissions, emergency room visits, and other outcomes as a 
result of reduced exposure to ozone and PM2.5. These outcomes are associated with an 
economic value in order to aggregate health impacts.  

The Scoping Plan Scenario shows a substantial reduction in pollutant emissions relative to the 
Reference Scenario, including NOx, PM2.5, and ROG. Reductions in NOx are shown in 
Figure 3-4. Even under a business-as-usual trajectory, emissions are reduced from present 
levels by 26 percent in 2045 in the Reference Scenario, demonstrating the impact of current 
regulations and trends in energy sectors. The Scoping Plan Scenario further reduces NOx 

 

 
219 This annual approach differs from the episodic modeling approach applied to the Proposed Scenario and 
Alternatives in the Draft 2022 Scoping Plan Update. Appendix H (AB 32 GHG Inventory Sector Modeling) 
describes both approaches. 
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emissions from the Reference Scenario by 29% in 2035 and 61% in 2045. Emission reductions 
occur throughout the state with particular prominence in urban areas, including the South Coast 
Air Basin, due to the large presence and activity of emission sources. Appendix H (AB 32 GHG 
Inventory Sector Modeling) contains additional information about the pollutant emissions 
modeling and results. 

Figure 3-4: Illustration of NOx emission reductions from current levels for the Reference 
Scenario and the Scoping Plan Scenario (AB 32 GHG Inventory sectors) 

 
The emission reductions achieve important improvements in air quality throughout California, 
including reductions in the levels of ozone and PM2.5. Reductions in annual PM2.5 levels are 
shown in Figure 3-5. The greatest reductions are evident in Southern California, the San Joaquin 
Valley, the San Francisco Bay area, and the Greater Sacramento area due to the large presence 
and activity of emission sources, meteorology, topography, and others. To highlight the extent 
of the air quality improvements: reductions reach nearly 8 micrograms per cubic meter (µg/m3) 
in 2045 and lead to 76% fewer exceedances of the health-based National Ambient Air Quality 
PM2.5 standard of 12 µg/m3. Similarly, ozone improvements reach 19 parts per billion (ppb) and 
yield 62% fewer exceedance events. Furthermore, the locations of improvements carry 
important implications for human health as these areas support large urban populations and 
generally experience the most degraded ozone and PM2.5 pollution. Appendix H (AB 32 GHG 
Inventory Sector Modeling) provides details regarding the atmospheric modeling and results, 
including differences in ozone and PM2.5.  
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Figure 3-5: Difference in annual average PM2.5 (µg/m3) in the Scoping Plan scenario 
relative to the Reference scenario in 2045 (AB 32 GHG Inventory sectors) 

 
Notable health benefits representing the economic value of the avoided incidence of health 
effects are associated with the Scoping Plan Scenario. In total, the benefits reach $78 billion in 
2035 and $199 billion in 2045, as shown in Figure 3-6. Populations in Southern California benefit 
the most due to preexisting air quality challenges, significant emission sources and activity, and 
the presence of a large, dense urban population. Additional details regarding the health impact 
assessment are provided in Appendix H (AB 32 GHG Inventory Sector Modeling). 
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Figure 3-6: Total health benefits estimated from air quality improvements in the Scoping 
Plan Scenario (AB 32 GHG Inventory sectors) 

 
Furthermore, these benefits accrue within socially and economically disadvantaged 
communities identified by CalEnviroScreen, where they are most needed. Total health benefits 
within census tracts identified as disadvantaged communities using CalEnviroScreen 4.0 reach 
$22 billion in 2035 and $61 billion in 2045, as shown in Figure 3-7. Similarly to the statewide 
health benefits, the largest share of benefits occurs within disadvantaged communities in 
Southern California. Additional information on the health benefits within disadvantaged 
communities can be found in Appendix H (AB 32 GHG Inventory Sector Modeling).  
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Figure 3-7: Disadvantaged community health benefits relative to the Reference Scenario 
for the Scoping Plan Scenario (AB 32 GHG Inventory sectors) 

 

Natural and Working Lands 
For NWL, health benefits were evaluated based on projected PM2.5 wildfire emissions on forests, 
shrublands, and grasslands, discussed in the AB 197 Measure Analysis section of the chapter 
that follows.220 The health endpoints for the Scoping Plan Scenario and in Appendix I (NWL 
Technical Support Document) for the alternative scenarios were the basis for the estimated 
health benefits shown in Figure 3-8. Health benefits were derived from the preliminary University 
of California, Los Angeles (UCLA) study that estimated annual health impacts and associated 
costs from California’s wildfires from 2008–2018. Additional details are included in Appendix I 
(NWL Technical Support Document). These costs were applied to the health endpoints 
discussed in the AB 197 Measure Analysis section of the chapter.  

 

 
220 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N11, N14. finalejacrecs.pdf 
(arb.ca.gov). 
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Figure 3-8: Total average annual health benefits relative to the Reference Scenario for the 
Scoping Plan Scenario (NWL) 

 
As health impacts analyzed here are driven by wildfire emissions, the health benefits for the 
Scoping Plan Scenario are directly related to the amount of forest, shrubland, and grassland 
management action. These management actions reduce vegetation fuels and, as a result, 
wildfire activity. The Scoping Plan Scenario increases the amount of these management actions, 
reducing wildfire emissions and avoiding incidence of emission-related health effects. The health 
benefits, or economic value of the avoided incidence of health effects, correspondingly increase 
with an increasing management implementation rate. Additional details are included in Appendix 
I (NWL Technical Support Document). 

Estimated health benefits do not include the direct impact of wildfires on injuries, deaths, or 
mental health, nor the indirect costs of lost ecosystem benefits to wildfire. Additional direct health 
costs may result from wildfire that would likely increase the health benefits from increased forest, 
shrubland, and grassland management to reduce wildfire activity. Nonetheless, the conservative 
health benefits under the Scoping Plan Scenario are estimated to be $3.1 billion per year relative 
to the Reference Scenario for all NWL actions identified in the Scoping Plan Scenario. 
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AB 197 Measure Analysis 
This section provides estimates for information associated with GHG emissions reduction 
measures evaluated in this Scoping Plan.221 These estimates, which were developed as part of 
the process for meeting the requirements of AB 197 (E. Garcia, Chapter 250, Statutes of 2016), 
provide information on the relative impacts of the evaluated measures when compared to each 
other. To support the design of a suite of policies that result in GHG reductions, air quality 
co-benefits, and cost-effective measures, it is important to understand if a measure will increase 
or reduce criteria pollutants or toxic air contaminant emissions, or if increasing stringency at 
additional costs yields few additional GHG reductions. To this end, AB 197 requires the following 
for each potential emissions reduction measure evaluated in any Scoping Plan update: 

• The range of projected GHG emissions reductions that result from the measure; 
• The range of projected criteria pollutant emission reductions that result from the measure; 

and 
• The cost-effectiveness, including avoided social costs, of the measure. 

 

The following sections describe the evaluation of measures for the AB 32 GHG Inventory sectors 
and NWL. For the purposes of this Scoping Plan, the identified emissions reduction measures 
for the analysis required by AB 197 are actions grouped by sectors where several policies and 
programs are expected to overlap. This approach reflects the most granular feasible analysis 
given the modeling tools available,222 the overlap and interaction effects among policies and 
incentive programs, the longer planning horizon used for this Scoping Plan compared to previous 
efforts, and the scale of transition needed to achieve carbon neutrality. To implement this 
Scoping Plan, dozens of individual regulations, policies, and incentive programs are anticipated 
that work together to drive down emissions across all economic sectors and support actions. 
Every specific policy or incentive program that could contribute to the deployment of clean 
technology and energy called for in this plan may overlap in ways that make it infeasible to tease 
out those policies and programs’ individual effects with any reasonable degree of certainty. For 
example, in the transportation sector, deploying ZEVs and reducing driving demand may be 
achieved through a combination of the implementation of new or existing regulations, fuels 
programs, incentive programs, and VMT reduction initiatives that can each contribute to 
reductions in emissions for the sector. It is not feasible to isolate each sub action from each other 
at this time in terms of the share of contribution to total reductions. The estimated emission 

 

 
221 AB 197 calls for the evaluation of “emission reduction measures.” This Scoping Plan treats each action and its 
variants on stringency as emission reduction measures for the purposes of this chapter. Appendix C (AB 197 
Measure Analysis) lists the measures and corresponding modeling assumptions for each alternative. 
222 See Appendix H (AB 32 GHG Inventory Sector Modeling and Appendix I (NWL Technical Support Document). 
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reductions, health endpoints, and costs by measure for the Scoping Plan Scenario are presented 
in this chapter, and the corresponding estimates for the Proposed Scenario and Alternatives 1, 
2, and 4 are included in Appendix C (AB 197 Measure Analysis). 

Because many of the measures and underlying assumptions interact with each other, isolating 
the GHG emission reductions, corresponding changes to fuel combustion, and associated cost 
of an individual measure is analytically challenging. Each measure is evaluated by examining 
the change in fuel combustion, cost, and emissions associated with just that measure using the 
PATHWAYS model. The difference between the Scoping Plan Scenario and the Reference 
Scenario is estimated for each measure. Starting from the Scoping Plan Scenario, the modeling 
assumptions for an individual measure are reverted to the Reference Scenario values, resulting 
in GHG reductions, changes to fuel combustion, and costs (or savings). This approach does not 
reflect interactions between sectors in PATHWAYS that influence the results for each complete 
alternative, presented earlier. As such, the values associated with each measure should not be 
added to obtain an overall scenario estimate.  

To arrive at the 2045 target for NWL, CARB modeled the ecological impact that climate smart 
land-based management strategies (suites of on-the-ground actions, or treatments, that are 
used across the landscape to manipulate an ecosystem) will have on ecosystem carbon; and 
whenever possible, additional co-benefits from those actions. The Scoping Plan Scenario 
incorporates a set of land management actions at varying scales of implementation for each land 
type to achieve the GHG emission reductions. Each land type, and its associated management 
actions, was considered a measure for this analysis. For modeling individual landscapes and 
management actions, CARB used a suite of models. The complexity of these models varies by 
land type, depending on the existing science, data, and availability of existing models to use. 
Appendix I (NWL Technical Support Document) provides detailed modeling assumptions for 
each NWL type. The estimated emission reductions, health endpoints, and costs by measure 
under the Scoping Plan Scenario for each NWL type are presented in this chapter, and the 
corresponding estimates for the Proposed Scenario and NWL Alternatives 1, 2, and 4 are 
included in Appendix C (AB 197 Measure Analysis).  

Estimated Emissions Reductions  
Both GHG emissions reductions and emissions of criteria air pollutants were evaluated for the 
AB 32 GHG Inventory sectors and for NWL. The methods and results are described in 
this section. 

AB 32 GHG Inventory Sectors 
In the absence of having direct modeling results for criteria pollutant estimates from 
PATHWAYS, CARB estimated criteria pollutant emissions impacts by using changes in fuel 
combustion in units of exajoules from PATHWAYS and emission factors in units of tons per 
exajoule to estimate the change in emissions in tons per year. Emission factors from a variety 
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of sources for each sector were utilized, including but not limited to CARB’s mobile source 
emissions models,223 U.S. EPA’s AP 42 Emissions Factors,224 and the South Coast Air Quality 
Management District’s (AQMD’s) District Rules.225 These emission factors were applied to fuel 
burn change by fuel type, sector, equipment type, and process, where applicable. Statewide 
annual average emissions were estimated for three criteria pollutants: NOx, PM2.5, and ROG. 

Table 3-5 provides the estimated GHG and criteria pollutant emission reductions for the 
measures in the Scoping Plan Scenario in 2035 and 2045. The other alternatives are presented 
in Appendix C (AB 197 Measure Analysis). Based on the estimates below, these measures are 
expected to provide air quality benefits. The estimates provided in this chapter and Appendix C 
(AB 197 Measure Analysis) are appropriate for comparing across alternatives considered for the 
development of this Scoping Plan, but they are not precise estimates.  

  

 

 
223 CARB. MSEI - Modeling Tools. https://ww2.arb.ca.gov/our-work/programs/mobile-source-emissions-
inventory/msei-modeling-tools. 
224 U.S EPA. AP-42: Compilation of Air Emissions Factors. https://www.epa.gov/air-emissions-factors-and-
quantification/ap-42-compilation-air-emissions-factors. 
225 South Coast AQMD. South Coast AQMD Rule Book. https://www.aqmd.gov/home/rules-
compliance/rules/scaqmd-rule-book. 

https://ww2.arb.ca.gov/our-work/programs/mobile-source-emissions-inventory/msei-modeling-tools
https://ww2.arb.ca.gov/our-work/programs/mobile-source-emissions-inventory/msei-modeling-tools
https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-compilation-air-emissions-factors
https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-compilation-air-emissions-factors
https://www.aqmd.gov/home/rules-compliance/rules/scaqmd-rule-book
https://www.aqmd.gov/home/rules-compliance/rules/scaqmd-rule-book
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Table 3-5: Estimated GHG and criteria pollutant emission reductions relative to the 
Reference Scenario for the Scoping Plan Scenario in 2035/2045 (AB 32 GHG Inventory 
sectors) 

Measure GHG 
Reductions 
(MMTCO2) 

NOx Reductions 
(Short Tons/Year) 

PM2.5 
Reductions 
(Short Tons/ 

Year) 

ROG 
Reductions 

(Short 
Tons/Year) 

Deploy ZEVs and 
reduce driving 
demand 

-46 / -84 -51,620 / -122,806 -2,008 / -6,506 -18,967 /  
-30,410 

Coordinate 
supply of liquid 
fossil fuels with 
declining 
California fuel 
demand 

-25 / -30 -1,601 / -2,707 -978 / -1,705 -747 / -1,323 

Generate clean 
electricity 

-8 / -31 -92 / -1,555 -177 / -1,382 -41 / -425 

Measure GHG 
Reductions 
(MMTCO2) 

NOx Reductions 
(Short Tons/Year) 

PM2.5 
Reductions 
(Short Tons/ 

Year) 

ROG 
Reductions 

(Short 
Tons/Year) 

Decarbonize 
industrial energy 
supply 

-9 / -22 -21,172 / -34,876 -1,188 / -2,527 -3,710 / -6,298 

Decarbonize 
buildings 

-14 / -35 -8,105 / -94,455 -826 / -6,877 -1,093 / -8,109 

Reduce non-
combustion 
emissionsa 

-0.41 / -0.52 
(MMTCH4) 

N/A N/A N/A 

Compensate for 
remaining 
emissions 

-25 / -64 N/A N/A N/A 

a Methane emissions reductions are reported for this measure. 

The measures related to reducing non-combustion emissions and compensating for the 
remaining emissions do not include changes to fuel combustion, and therefore are not 



139 

 

associated with changes to air pollutants. Biomethane combustion is captured in measures that 
reduce combustion of fossil gas, such as decarbonizing industrial energy supply and buildings. 

Natural and Working Lands 
NWL ecosystems naturally vary between being a source and a sink for carbon over time. The 
NWL ecosystem carbon stock changes projected through mid-century by the suite of models 
were used to estimate net emissions or emissions reductions relative to the Reference Scenario. 
These changes in carbon stocks were affected by projected climate change, the implementation 
of management actions under the various scenarios, land conversion, and (for forests, 
shrublands, grasslands) wildfire. Each NWL type was evaluated, and an overview of all NWL is 
presented in Table 3-6. More detailed results for each NWL type can be found in Appendix C 
(AB 197 Measure Analysis).  
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Table 3-6: Estimated average annual GHG and criteria pollutant emission reductions 
relative to the Reference Scenario for the Scoping Plan Scenario from 2025–2045 (NWL) 

Measure GHG Reductions 
(MMTCO2e/year) 

PM2.5 
Reductions 
(MT/Year) 

Forests/Shrublands/Grasslands -0.12 -17,500 

Annual Croplands -0.25 N/A 

Perennial Croplands -0.01 N/A 

Urban Forest -1.29 N/A 

Wildland Urban Interface (WUI) 0.75 N/A 

Wetlands -0.43 N/A 

Sparsely Vegetated Lands <-0.01 N/A 

Fine particulate wildfire emissions were evaluated for forests, shrublands, and grasslands only. 
Wildfire emissions decreased under the Scoping Plan Scenario compared to the Reference 
Scenario. The Scoping Plan Scenario’s higher level of management actions that reduce tree or 
shrub densities, protect large trees, reintroduce fire to the landscape, and diversify species and 
structures result in greater reductions in wildfire emissions.  

Estimated Health Endpoints  
Climate change mitigation will result in both environmental and health benefits. This section 
provides information about the potential health benefits of the Scoping Plan Scenario. Health 
benefits are primarily the result of reduced PM2.5 pollution, both from stationary and mobile 
sources, as well as wildfire in forests, shrublands, and chaparral. 

AB 32 GHG Inventory Sectors 
CARB used the criteria pollutant emissions in Table 3-5 to understand potential health impacts. 
Similar to the air quality estimates, this information should be used to understand the relative 
health benefits of the various measures and should not be taken as absolute estimates of health 
outcomes. CARB used the incidence-per-ton (IPT) methodology to quantify the health benefits 
of emission reductions. The IPT methodology is based on a methodology developed by the U.S. 
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EPA.226,227,228,229 Under the IPT methodology, changes in emissions are approximately 
proportional to the resulting changes in health outcomes. IPT factors are derived by calculating 
the number of health outcomes associated with exposure to PM2.5 for a baseline scenario using 
measured ambient concentrations and dividing that number by the emissions of PM2.5 or a 
precursor. To estimate the reduction in health outcomes, the emission reductions are multiplied 
by the IPT factor. For future years, the number of outcomes is adjusted to account for population 
growth. IPT factors were computed for the two types of PM2.5: primary PM2.5 and secondary 
PM2.5 of ammonium nitrate aerosol formed from precursors. 

For this AB 197 analysis, CARB calculated the health benefits associated with the five key 
measures that are represented by changes to fuel combustion. The health benefits associated 
with emission reductions for the Scoping Plan Scenario were estimated for each air basin and 
then aggregated for the entire state of California. CARB assumed that the statewide emission 
reductions distribution among the air basins is proportional to the baseline emissions in that air 
basin.  

Calculated health endpoints include premature mortality, cardiovascular emergency department 
(ED) visits, acute myocardial infarction, respiratory ED visits, lung cancer incidence, asthma 
onset, asthma symptoms, work loss days, hospitalizations due to cardiopulmonary illnesses, 
hospitalizations due to respiratory illnesses, hospital admissions for Alzheimer’s disease, and 
hospital admissions for Parkinson’s disease.230,231,232 These health endpoints were calculated 
using the IPT method for estimated emission reductions. Table 3-7 compares the health benefits 
of emission reductions associated with each measure for the Scoping Plan Scenario in the year 

 

 
226 CARB. CARB’s Methodology for Estimating the Health Effects of Air Pollution. Retrieved February 9, 2021. 
https://ww2.arb.ca.gov/resources/documents/carbs-methodology-estimating-health-effects-air-pollution. 
227 Fann, N., C. M. Fulcher, and B. J. Hubbell. 2019. “The influence of location, source, and emission type in 
estimates of the human health benefits of reducing a ton of air pollution.” Air Quality, Atmosphere & Health 2:169–
176. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2770129/. 
228 Fann, N., K. R. Baker, and C. M. Fulcher. 2012. “Characterizing the PM2.5-related health benefits of emission 
reductions for 17 industrial, area and mobile emission sectors across the U.S.” Environ Int. 49:141–51. November 
15. https://www.sciencedirect.com/science/article/pii/S0160412012001985. 
229 Fann, N., K. Baker, E. Chan, A. Eyth, A. Macpherson, E. Miller, and J. Snyder. 2018. “Assessing Human 
Health PM2.5 and Ozone Impacts from U.S. Oil and Natural Gas Sector Emissions in 2025.” Environ. Sci. Technol. 
52 (15), 8095–8103. https://pubs.acs.org/doi/abs/10.1021/acs.est.8b02050. 
230 CARB. CARB’s Methodology. https://ww2.arb.ca.gov/resources/documents/carbs-methodology-estimating-
health-effects-air-pollution. 
231 CARB. 2022. Updated Health Endpoints in CARB’s Health Benefits Methodology. Evaluating New Health 
Endpoints for Use in CARB’s Health Analyses. 
232 Cardio-pulmonary mortality, hospitalizations due to cardiopulmonary illnesses, and hospital admissions due to 
respiratory illnesses endpoints utilize studies documented in CARB’s methodology document. For future 
assessments, CARB will use more recent studies to estimate cardiovascular hospital admissions and respiratory 
hospital admissions, as documented in CARB’s updated health endpoints memo. 

https://ww2.arb.ca.gov/resources/documents/carbs-methodology-estimating-health-effects-air-pollution
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2770129/
https://www.sciencedirect.com/science/article/pii/S0160412012001985
https://pubs.acs.org/doi/abs/10.1021/acs.est.8b02050
https://ww2.arb.ca.gov/resources/documents/carbs-methodology-estimating-health-effects-air-pollution
https://ww2.arb.ca.gov/resources/documents/carbs-methodology-estimating-health-effects-air-pollution
https://ww2.arb.ca.gov/sites/default/files/2021-12/Slides%20for%20Evaluating%20New%20Health%20Endpoints%20for%20Use%20in%20CARB%E2%80%99s%20Health%20Analyses.pdf
https://ww2.arb.ca.gov/sites/default/files/2021-12/Slides%20for%20Evaluating%20New%20Health%20Endpoints%20for%20Use%20in%20CARB%E2%80%99s%20Health%20Analyses.pdf
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specified (2035 or 2045). The other alternatives are presented in Appendix C (AB 197 Measure 
Analysis).  
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Table 3-7: Estimated avoided incidence of mortality, cardiovascular and respiratory disease onset, work loss days 
and hospital admissions relative to the Reference Scenario for the Scoping Plan Scenario (AB 32 GHG Inventory 
sectors) 
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Deploy ZEVs and 
reduce driving 
demand in 2035 

635 170 70 400 45 1,475 128,930 92,510 95 115 245 40 

Deploy ZEVs and 
reduce driving 
demand in 2045 

1,820 475 200 1,115 135 3,995 343,095 255,800 295 350 745 125 

Coordinate supply of 
liquid fossil fuels 
with declining CA 
fuel demand in 2035 

115 30 15 70 10 275 23,530 16,880 20 20 50 10 
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Coordinate supply of 
liquid fossil fuels 
with declining CA 
fuel demand in 2045 

215 55 25 130 15 490 40,860 30,445 35 40 95 15 

Generate clean 
electricity in 2035 

20 5 0 10 0 45 3,930 2,820 5 5 10 0 

Generate clean 
electricity in 2045 

170 45 20 105 15 385 32,065 23,890 25 30 75 10 

Decarbonize 
industrial energy 
supply in 2035 

300 80 35 190 20 695 60,660 43,520 45 55 115 20 

Decarbonize 
industrial energy 
supply in 2045 

595 155 65 365 45 1,310 111,925 83,435 95 115 245 40 
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Decarbonize 
buildings in 2035 

155 40 15 95 10 360 31,130 22,335 25 30 60 10 

Decarbonize 
buildings in 2045 

1,610 420 175 985 120 3,550 303,830 226,500 260 310 665 115 

Note: All values are rounded to the nearest 0 or 5. 
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The measures related to reducing non-combustion emissions and compensating for 
remaining emissions do not include changes to fuel combustion and therefore are not 
associated with changes to air pollutants or health endpoints. Biomethane combustion is 
captured in measures that reduce combustion of fossil gas, such as decarbonizing 
industrial energy supply and buildings. 

Although the estimated health outcomes presented are based on a well-established 
methodology, they are subject to uncertainty. For instance, future population estimates 
are subject to increasing uncertainty as they are projected further into the future, and 
baseline incidence rates can experience year-to-year variation. Also, the relationship 
between changes in pollutant concentrations and changes in pollutant or precursor 
emissions is assumed to be approximately proportional.  

In addition, emissions are reported at an air basin level and do not capture local variations. 
These estimates also do not account for impacts from global climate change, such as 
temperature rise, and are only based on the scenarios in this Scoping Plan.  

The fuel changes for each AB 197 measure are estimated based on the impact of each 
measure compared to the Reference Scenario for the years 2035 and 2045. Therefore, 
aggregating the effect of each measure would overestimate the impacts of the Scoping 
Plan Scenario because the implementation of each measure would affect the level of 
benefits of the other measures. This measure-by-measure analysis uses a different 
methodology for calculating health endpoints than does the health analysis for the 
complete Scoping Plan Scenario provided earlier. 

Natural and Working Lands 
Implementation of NWL management strategies to mitigate and adapt to climate change 
will result in both environmental and health benefits. This section provides information 
about the potential health benefits of measures evaluated for the Scoping Plan Scenario. 
For this analysis, health benefit estimates were focused on increases or decreases to 
PM2.5 resulting from wildfire emissions on forests, shrublands, and grasslands.233 Other 
health benefits resulting from NWL management actions in the Scoping Plan Scenario 
are not quantified here but are important for all Californians. This includes, but is not 
limited to, reductions in exposure to synthetic pesticides when switching to organic 
agricultural systems, improvements in shade availability and mental health with 
increasing urban forest cover, improved mental health from opportunities for recreation in 
resilient and healthy environments, and protection from floods and rising sea levels. 

 

 
233 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N11, N14. finalejacrecs.pdf 
(arb.ca.gov). 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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These examples are by no means exhaustive, as our natural and working lands provide 
immense health benefits to everyone.  

For this analysis, CARB used the PM2.5 emissions in Table 3-6 to understand potential 
health impacts. This information should be used to understand the relative health 
endpoints of the various measures and should not be taken as absolute estimates of 
health outcomes of this Scoping Plan statewide or within a specific community. The IPT 
methodology was used to calculate health endpoints, similar to the AB 32 GHG Inventory 
Sector analysis. CARB calculated the annual health endpoints associated with the wildfire 
emissions changes resulting from the implementation of management strategies on 
forests, shrublands, and grasslands under each alternative. The annual health endpoints 
associated with emission reductions for the Scoping Plan Scenario were estimated for 
the entire state. Calculated health endpoints include emissions-caused mortality, hospital 
admittance, and emergency room visits from asthma; hospital admittance from chronic 
obstructive pulmonary disease; and emergency room visits from respiratory and 
cardiovascular outcomes. Table 3-8 compares the average annual health endpoints of 
wildfire emission reductions associated with the Scoping Plan Scenario over the period 
2025–2045. The other alternatives are presented in Appendix C (AB 197 Measure 
Analysis).  
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Table 3-8: Estimated average annual avoided incidence of hospital admissions, 
emergency room visits, and mortality relative to the Reference Scenario for the 
Scoping Plan Scenario resulting from forest, shrubland, and grassland wildfire 
emissions (NWL) 

Health Endpoints from Forest, Shrubland, and Grassland 
Wildfire Emissions 

Average Annual 
Avoided 

Incidence 

Hospital admissions from asthma 22 

Hospital admissions from chronic obstructive pulmonary disease 
without asthma 

19 

Hospital admissions from all respiratory outcomes 63 

Emergency room visits from asthma 155 

Emergency room visits from all respiratory outcomes 419 

Emergency room visits from all cardiovascular outcomes 156 

All causes of mortality 394 

Estimated Social Cost  
Social costs are generally defined as the cost of an action on people, the environment, or 
society and are widely used to understand the impact of regulatory actions. One tool, the 
social cost of greenhouse gases (SC-GHG), is an estimate of the present value of the 
costs associated with the emission of GHGs in future years. It combines climate science 
and economics to help understand the benefits of reducing GHG emissions. The 
estimates of the social cost of carbon (SC-CO2) and social cost of methane (SC-CH4), 
two types of SC-GHGs presented here, estimate the value of the net harm to society 
associated with adding GHGs to the atmosphere in a given year; they do not represent 
the cost of actions taken to reduce GHG emissions (known as the cost of abatement) nor 
the cost of GHG emissions reductions. In principle, the SC-GHG includes the value of 
climate change impacts, including but not limited to, changes in net agricultural 
productivity, human health effects, property damage from increased flood risk and other 
natural disasters, disruption of energy systems, risk of conflict, environmental migration, 
and the value of ecosystem services. It reflects the societal value of reducing emissions 
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of the gas in question by one metric ton.234 Many of these damages from GHG emissions 
today will affect economic outcomes throughout the next several centuries. 

In 2008, federal agencies began incorporating SC-CO2 estimates into the analysis of their 
regulatory actions. U.S. EPA has used various models and discount rates to determine 
the value of future impacts. Generally, these models begin with assumptions to predict 
economic activity over time, along with projected GHG emissions. The modeled 
emissions are input into a model of the global climate system, which then translates into 
estimates of surface temperature, sea level rise, and other impacts. These outputs are 
used to estimate economic damages per ton of GHG emitted in a given year in the future. 
Since the models are calculating the present value of future damages, a discount rate is 
applied. For example, the SC-CO2 for the year 2045 represents the value of climate 
change damages from a release of CO2 in 2045 discounted back to today. The present 
value is significantly affected by the discount rate used; a higher discount rate results in 
a lower present value. For example, in 2021 dollars the SC-CO2 in 2045 is $31 using a 5 
percent discount rate, $88 using a 3 percent discount rate, and $122 using a 2.5 percent 
discount rate. Additional detail is included in Appendix C (AB 197 Measure Analysis). 

The 2017 Scoping Plan utilized SC-CO2 and SC-CH4 Obama Administration-era values 
developed by the Council of Economic Advisors and the Office of Management and 
Budget-convened Interagency Working Group on the Social Cost of Greenhouse Gases 
(IWG)235 to consider the social costs of actions to reduce GHG emissions. The Biden 
Administration reinstated these values in February 2021,236 after they had been rescinded 
and significantly revised by the Trump Administration. The reinstatement was considered 
an interim step, and the Biden Administration also reconvened the IWG to continue its 
work to evaluate and incorporate the latest climate science and economic research and 

 

 
234 U.S. Government. Interagency Working Group on Social Cost of Greenhouse Gases. February 2021. 
Technical Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide – Interim Estimates 
under Executive Order 13990. https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf 
235 Originally titled the “Interagency Working Group on the Social Cost of Carbon,” the IWG was renamed 
in 2016. 82 Fed. Reg. 16093, 16095-96 (Mar. 28, 2017). https://www.govinfo.gov/content/pkg/FR-2017-
03-31/pdf/2017-06576.pdf. 
236 Protecting Public Health and the Environment and Restoring Science to Tackle the Climate Crisis, 
Executive Order 13990 (Jan. 20, 2021), 86 Fed. Reg. 7037 (Jan. 25, 2021). 
https://www.energy.gov/sites/default/files/2021/02/f83/eo-13990-protecting-public-health-environment-
restoring.pdf. IWG, Technical Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide 
Interim Estimates Under Executive Order 13990 (February 2021), https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf See 
also, The White House. 2021. A Return to Science: Evidence-Based Estimates of the Benefits of 
Reducing Climate Pollution. https://www.whitehouse.gov/cea/written-materials/2021/02/26/a-return-to-
science-evidence-based-estimates-of-the-benefits-of-reducing-climate-pollution/. 

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.govinfo.gov/content/pkg/FR-2017-03-31/pdf/2017-06576.pdf
https://www.govinfo.gov/content/pkg/FR-2017-03-31/pdf/2017-06576.pdf
https://www.energy.gov/sites/default/files/2021/02/f83/eo-13990-protecting-public-health-environment-restoring.pdf
https://www.energy.gov/sites/default/files/2021/02/f83/eo-13990-protecting-public-health-environment-restoring.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf.
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf.
https://www.whitehouse.gov/cea/written-materials/2021/02/26/a-return-to-science-evidence-based-estimates-of-the-benefits-of-reducing-climate-pollution/
https://www.whitehouse.gov/cea/written-materials/2021/02/26/a-return-to-science-evidence-based-estimates-of-the-benefits-of-reducing-climate-pollution/
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respond to the National Academies’ recommendations from 2017 as it develops a more 
complete revision of the estimates.  

It is important to note that the models used to produce SC-GHG estimates do not include 
all of the important physical, ecological, and economic impacts of climate change 
recognized in the climate literature. There are additional costs to society, including the 
costs associated with changes in co-pollutants and costs that cannot be included due to 
modeling and data limitations. The IWG has stated that the range of the interim SC-GHG 
estimates likely underestimates societal damages from GHG emissions.237 The revised 
estimates were originally slated to be released in early 2022 but were stalled.238 CARB 
staff is applying the interim values presented in the IWG February 2021 Technical Support 
Document (TSD), which reflect the best available science in the estimation of the 
socioeconomic impacts of GHGs.239 This Scoping Plan utilizes the TSD standardized 
range of discount rates, from 2.5 to 5 percent, to represent varying valuation of future 
damages.  

AB 32 GHG Inventory Sectors 
Table 3-9 presents the estimated social cost, in terms of avoided economic damages, for 
each measure of the Scoping Plan Scenario. For each measure, Table 3-9 includes the 
range of the SC-CO2 and SC-CH4 that results from the GHG emissions reductions in 2035 
and 2045 at 2.5 and 5 percent discount rates. Additional background on the SC-GHG and 
methodology for calculating the SC-CO2 and SC-CH4 estimates in this Scoping Plan, as 
well as estimates for the alternatives, are provided in Appendix C (AB 197 Measure 
Analysis).  

 

 
237 Interagency Working Group on Social Cost of Greenhouse Gases. 2021. Technical Support 
Document. https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf 
238 See Louisiana v. Biden (W.D. La. 2022) 585 F.Supp.3d 840, stayed pending review (5th Cir. Mar. 16, 
2022) 2022 WL 866282. A federal district court ruling issued in early February 2022 had granted a 
preliminary injunction blocking the Biden Administration from using the interim IWG SC-GHG estimates. 
However, a federal appeals court overturned the lower court’s preliminary injunction in March 2022, which 
allows the Biden Administration to continue using the policy as legal proceedings continue. CARB will 
continue to monitor the litigation. However, the federal action does not prohibit CARB from using social 
cost of carbon and CARB will use the best available science regardless of politics. A separate federal 
appeals court upheld the Biden administration’s use of the IWG SC-GHG estimates in October 2022. 
Missouri v. Biden (8th Cir. 2022) ____ F.4th ____. 
239 Interagency Working Group on Social Cost of Greenhouse Gases. 2021. Technical Support 
Document. https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf 

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf


151 

 

Table 3-9: Estimated social cost (avoided economic damages) of measures 
considered in the Scoping Plan Scenario (AB 32 GHG Inventory sectors) 

Measure Social Cost of Carbon in 
2035, 5%–2.5%  
Discount Rate 

Billion USD (2021 
dollars) 

Social Cost of Carbon in 
2045, 5%–2.5%  
Discount Rate 

Billion USD (2021 
dollars) 

Deploy ZEVs and reduce driving demand  1.12–4.87 2.64–10.23 

Coordinate supply of liquid fossil fuels 
with declining California fuel demand 

0.61–2.63 0.95–3.67 

Generate clean electricity 0.20-0.88 0.97–3.75 

Decarbonize industrial energy supply 0.23–1.01 0.69–2.67 

Decarbonize buildings 0.35–1.52 1.11–4.32 

Reduce non-combustion emissions 0.51–1.29 (SC-CH4) 0.86–2.01 (SC-CH4) 

Compensate for remaining emissions 0.61–2.66 2.03–7.84 

Scoping Plan Scenario SC-CO2 

Scoping Plan Scenario SC-CH4 

Scoping Plan Scenario (Total)a 

2.4–10.4 

0.51–1.3 

2.9–11.7 

5.6–21.9 

0.86–2.0 

6.5–23.9 

a CARB staff could not precisely separate some CO2 and CH4 from other GHGs from PATHWAYS 
outputs, but the contribution is believed to be small for purposes of calculating the social cost of carbon. 
The approach used to estimate GHG emissions reductions for individual measures in PATHWAYS does 
not reflect cross-sector interactions. Therefore, the GHG values for each measure do not sum to the 
overall scenario total. The total GHG emissions reduction used in this calculation is 97 MMTCO2e in 
2035 and 180 MMTCO2e in 2045. 

 

Natural and Working Lands 
The SC-CO2 estimates for the NWL measures shown in Table 3-10, in terms of avoided 
economic damages, reflect 2021 IWG interim values, updated for inflation, similar to the 
AB 32 GHG Inventory Sector analysis. This analysis utilizes the 2.5 percent and 5 percent 
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discount rate and the average annual emissions reductions from each NWL type from 
2025–2045. Estimates for all alternatives are included in Appendix C (AB 197 Measure 
Analysis). 

Table 3-10: Estimated social cost (avoided economic damages) of measures 
considered in the Scoping Plan Scenario (NWL) 

Measure Social Cost of Carbon in 
2035, 5%–2.5%  
Discount Rate 

Billion USD  
(2021 dollars) 

Social Cost of Carbon in 
2045, 5%–2.5%  
Discount Rate 

Billion USD  
(2021 dollars) 

Forests/Shrublands/Grasslands 0.003–0.012 0.004–0.014 

Annual Croplands 0.006–0.027 0.008–0.031 

Perennial Croplands <0.001–0.001 0.000–0.001 

Urban Forest 0.032–0.138 0.041–0.157 

Wildland Urban Interface (WUI) (0.018) – (0.080)a (0.023) – (0.090) 

Wetlands 0.011–0.046 0.014–0.053 

Sparsely Vegetated Lands <0.001 <0.001 

a Parentheses indicate an increase in estimated social cost, i.e., an increase in economic damages. This 
is only the case for WUI measures where emissions are increased, shown in Table 3-6. The estimated 
social cost does not account for the decrease in wildfire risk or decrease in wildfire damages resulting 
from the WUI measures. 
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Social Costs of GHGs in Relation to Cost-Effectiveness 
AB 32 includes a requirement that rules and regulations “achieve the maximum 
technologically feasible and cost-effective” greenhouse gas emissions reductions.240 
Under AB 32, cost-effectiveness means the relative cost per metric ton of various GHG 
reduction strategies,241 which is the traditional cost metric associated with emission 
control. In contrast, the SC-CO2, SC-CH4, and social cost of nitrous oxide (SC-N2O), 
because they are estimates of the cost to society of additional GHG emissions, can be 
used to estimate of the economic benefits of reducing emissions, but do not take into 
account the cost of the actions that must be taken to achieve those GHG emissions 
reductions. 

There may be technologies or policies that do not appear to be cost-effective when 
compared to the SC-CO2, SC-CH4, and SC-N2O associated with GHG reductions. 
However, these technologies or policies may result in other benefits that are not reflected 
in the IWG social costs. Examples include the evaluation of social diversification of the 
portfolio of transportation fuels (a goal outlined in the Low Carbon Fuel Standard) and 
reductions in criteria pollutant emissions from power plants (as in the Renewables 
Portfolio Standard). Additionally, costs for new technology may be higher early on in a 
technology’s development cycle and may drop over time as use of the technology is 
scaled up.  

Estimated Cost per Metric Ton  
AB 197 requires an estimation of the cost-effectiveness of the measures evaluated for 
this Scoping Plan. The cost (or savings)242 per metric ton of CO2e reduced for each 
measure is one metric for comparing the performance of the measures. Additional factors 
beyond the cost per metric ton that could be considered include continuity with existing 
laws and policies, implementation feasibility, contribution to fuel diversity and technology 
transformation goals, and health and other benefits to California. These considerations 
are not reflected in the cost per metric ton estimates presented below. It is important to 
understand the relative cost-effectiveness of individual measures as presented in this 
section. However, the economic analysis presented earlier in this chapter, in Appendix H 

 

 
240 AB 32 Air pollution: greenhouse gases: California Global Warming Solutions Act of 2006. (AB 32, 
Nuñez, Chapter 488, Statutes of 2006). 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB32.  
241 Health & Saf. Code § 38505(d). 
242 Similarly, to the direct costs reported earlier, the cost per metric ton of a measure reflects the stock 
costs and any fuel or efficiency savings associated with a measure divided by the GHG emission 
reduction achieved by the measure. Costs are reported as positive values, and savings are reported as 
negative values. 

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB32
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(AB 32 GHG Inventory Sector Modeling), and in Appendix I (NWL Technical Support 
Document) provides a more comprehensive analysis of how the Scoping Plan Scenario 
and alternative scenarios affect the state’s economy and jobs. 

AB 32 GHG Inventory Sectors 
The cost per metric ton for the AB 32 GHG Inventory sectors was computed for each 
measure independently relative to the Reference Scenario using the sensitivity 
calculations based on PATHWAYS and RESOLVE outputs. The difference in the 
annualized cost between the Scoping Plan Scenario and the Reference Scenario was 
computed for each measure in 2035 and in 2045. The incremental cost was divided by 
the incremental GHG emissions impact to calculate the cost per metric ton in each year. 
To capture the fuel and GHG impacts of investments made from 2022 through 2035, or 
from 2022 through 2045, CARB computed an average annual cost per metric ton. The 
incremental cost in each year was averaged over the period. This value is divided by the 
corresponding annual, incremental GHG impact averaged over the same period. 

The cost metric includes the annualized incremental cost of energy infrastructure, such 
as zero-emission vehicles, electric appliances, and required revenue to support all electric 
assets. A residual value for equipment such as vehicles or appliances that are retired 
early is included. The annual fuel cost or avoided fuel cost that results from efficiency 
improvements or changes to demand for fuels associated with transitioning to alternative 
fuels is included. Not included in this cost metric are costs that represent transfers within 
the state, such as incentive payments for early retirement of equipment. 

It is important to note that this cost per metric ton does not represent an expected market 
price value for carbon mitigation associated with these measures. In addition, the values 
do not capture fuel savings or GHG reductions associated with the full economic lifetime 
of measures that have been implemented by the target date of 2035 or 2045 but whose 
impacts extend beyond the target date. 

Table 3-11 includes the cost per metric ton and annual average cost per metric ton 
estimates for the Scoping Plan Scenario. The other alternatives are presented in 
Appendix C (AB 197 Measure Analysis). Measures that are relatively less costly in 2035 
or 2045 are also less costly over the extended period. As noted earlier, incremental costs 
of new vehicles are generally offset by gains in efficiency and avoided fuel consumption 
resulting in negative cost per metric ton.  
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Table 3-11: Estimated cost per metric ton of reduced CO2e relative to the Reference 
Scenario for measures considered in the Scoping Plan Scenario (AB 32 GHG 
Inventory sectors) 

Measure Annual 
Cost, 2035  

($/ton) 

Average 
Annual Cost, 

2022–2035 
($/ton) 

Annual 
Cost, 2045  

($/ton) 

Average 
Annual Cost, 

2022–2045 
($/ton) 

Deploy ZEVs and reduce driving 
demand  

-171  -99 -103  -122 

Coordinate supply of liquid fossil 
fuels with declining CA fuel demand 

60  109 -50  39 

Generate clean electricitya 101  156  145  161 

Decarbonize industrial energy 
supply 

 290  217  257  274 

Decarbonize buildings 235 230 112 213 

Reduce non-combustion emissions 93 94 106 99 

Compensate for remaining 
emissions 

745 823 236 485 

a Note: The denominator of this calculation (2045) does not include GHG reductions occurring outside of 
California resulting from SB 100. If these reductions were included, this number would be lower. 

 

Natural and Working Lands 
The cost per metric ton for NWL measures were computed for the Scoping Plan Scenario 
relative to the Reference Scenario using the projected carbon stock/sequestration data 
from the NWL modeling and the direct cost estimates for each management action, 
described earlier. Direct costs represent the cost of implementing a certain management 
action. The projected emissions reductions take into account the loss of carbon that 
results from the management action, such as fuels reduction treatments in forests, as well 
as climate change effects on growth. The direct cost for each NWL measure was divided 
by the average annual emission reductions presented in Table 3-6 to produce the cost 
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per metric ton. The increasing effect of climate change on diminished future growth 
reduces the ability of the land to sequester or store carbon, driving up the cost per ton. 

It is important to note that this cost per metric ton does not represent an expected market 
price value for carbon mitigation associated with these measures. In addition, emissions 
benefits of NWL management actions often take longer time periods to accrue, and these 
values only capture GHG reductions up to 2045.  

Table 3-12 includes the average cost per metric ton estimates for the average annual 
CO2e reductions from 2025 through 2045 for the Scoping Plan Scenario. The other 
alternatives are presented in Appendix C (AB 197 Measure Analysis). 

  

Table 3-12: Estimated average cost per metric ton of reduced CO2e relative to the 
Reference Scenario for measures considered in the Scoping Plan Scenario (NWL) 

Measure Average Cost per Reduced 
Ton CO2e ($/Ton) 

Forests/Shrublands/Grasslands 15,500 

Annual Croplands 1,100 

Perennial Croplands 412 

Urban Forest 3,270 

Wildland Urban Interface (WUI) N/A 

Wetlands 64 

Sparsely Vegetated Lands 451,000 
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Climate Vulnerability Metric 
As California invests in climate mitigation and adaptation, it is essential to understand that 
the relative impact of climate change will vary across the state’s communities. Due to 
persisting health and opportunity gaps, not all communities are equally resilient in the 
face of climate impacts. A global metric such as the Social Cost of Carbon cannot 
adequately capture the incremental additional economic impact faced by overly burdened 
communities. The Climate Vulnerability Metric (CVM) is specifically focused on 
quantifying the community-level impacts of a warming climate on human welfare and the 
additional costs. Additional details and results are included in Appendix K (Climate 
Vulnerability Metric).  

The CVM aggregates the impacts of climate change that can be quantified at the census 
tract level using robust and currently available research. The CVM includes the projected 
impacts of climate change on human welfare across four categories (hours worked, 
household energy costs, human mortality, and flood-related property damage) through 
midcentury. The CVM identifies nine components of the four climate impacts as shown in 
Figure 3-9 and aggregates the data to generate a total CVM result for each census tract. 
To ensure that the CVM represents the diversity of California communities, it is reported 
as the aggregate monetized impact of climate change as a percentage of census tract-
specific incomes.243 For example, a CVM value of 3 implies that by 2050, a census tract 
is projected to experience human welfare impacts of climate change that amount to 3% 
of annual income in that tract.  

 

 
243 Per capita income in 2019 for census tracts across California ranges from $633 to $176,388, with a 
median of $32,181 ($2019). Source: American Community Survey. 
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Figure 3-9: Categories of climate change impacts on human welfare included in the 
Climate Vulnerability Metric. 

 
The CVM shows that climate change will have highly unequal impacts across California. 
While some southeastern regions of California are estimated to suffer damages that 
exceed 5% of annual income, other high-elevation northeastern regions of California are 
estimated to see benefits of up to 10%. Some low-lying urban areas, such as the San 
Francisco Bay Area, are estimated to be particularly vulnerable, while much of the Central 
Valley is estimated to suffer at least moderate economic damages relative to the rest of 
the state. It is important to note that the CVM does not set a threshold for vulnerability. 
Instead, it shows relative impacts across census tracts. The CVM is limited to the impacts 
that can currently be quantified at the census tract level.  
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Figure 3-10: Combined impacts of climate change in 2050 under a moderate 
emissions scenario; damages as share of 2019 tract income (%) 

 
By providing information about how climate vulnerability varies across California (Figure 
3-10), the CVM results can be used to direct resources to enhance resiliency in the state’s 
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most vulnerable communities based on the specific impacts, such as heat or flooding, 
they are experiencing. The CVM may be used in combination with existing screening 
tools, such as CalEnviroScreen 4.0, to identify communities that face environmental and 
health hazards that contribute to disproportionate economic impacts in addition to climate 
vulnerability. The CVM can become an essential source of information to implement this 
Scoping Plan and build a more resilient, just, and equitable future for all communities. 

Public Health 
Health Analysis Overview 
This section focuses on a broader evaluation of public health and climate change. 
Science demonstrates that taking action to address climate change presents one of the 
most significant opportunities to improve public health outcomes.244 Transitioning to clean 
energy and technology and improving land and ecosystem management will lead to a 
much healthier future. Many actions to reduce GHG emissions also have health co-
benefits that can improve the health and well-being of populations across the state, as 
well as address climate change. This section and the accompanying Appendix G (Public 
Health) provide a qualitative analysis of health benefits to accompany the quantitative 
health analysis included in this chapter, in Appendix C (AB 197 Measure Analysis), and 
in Appendix H (AB 32 GHG Inventory Sector Modeling). Together the qualitative and 
quantitative analyses of benefits are demonstrating the many ways that climate action 
and health improvements go hand in hand. 

Climate change can lead to a wide range of direct health impacts such as increased heat-
related illnesses (i.e., heat exhaustion and heat stroke), and injuries and deaths from 
extreme weather events or disasters (e.g., severe storms, flooding, wildfires). Indirect 
impacts include: 

• more air pollution-related exacerbations of cardiovascular and respiratory 
diseases (e.g., due to increased smog, wildfire smoke) 

• increased vector-borne and fungal diseases due to changes in the distribution and 
geographic range of disease-carrying species (e.g., mosquitoes, ticks, fungi in 
dust) 

• negative nutritional consequences related to decreases in agricultural food yields 
• stress and mental trauma due to extreme weather-related catastrophes 
• anxiety, depression, and other mental health impacts associated with gradual 

changes in the climate (e.g., prolonged drought or temperature shifts affecting jobs 
and industries) that result in unemployment and income loss 

 

 
244 Watts, N., W. N. Adger, P. Agnolucci, et al. 2015. “Health and climate change: Policy responses to 
protect public health.” Lancet 386, 1861–1914. 
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• residential displacement and home loss (e.g., sea level rise impacting coastal 
communities) 

Wildfires and wildfire smoke are one area where we have already seen and expect to see 
even further drastic impacts on the health of Californians. According to CalFire, since 
1932 the top eight largest wildfires in California have occurred in the past five years 
(2017–2022), with 151 deaths due directly to fires during that period.245 Researchers 
estimate that wildfire smoke during fall 2020 may have led to as many as 3,000 excess 
deaths, with at least 95% of Californians suffering unhealthy levels of particle pollution 
due to wildfires in 2020.246 Continued climate change is projected to further increase 
smoke exposure from wildfires through the end of the century.247 Wildfires also create a 
high-risk environment for outdoor workers, including agricultural workers. While the direct 
medical and physical health impacts are often most noticeable, the psychological impacts 
can develop and persist well after the event. Estimates indicate that 20%–65% of 
survivors of extreme weather events have mental health issues following the event.248  

Extreme heat, drought, and associated worsened air quality impacts are among the most 
serious climate-related exposures affecting the health of Californians. Numerous studies 
find a wide range of adverse health effects accompanying extreme heat, including heat 
stroke and adverse birth outcomes, and find that extreme heat can harm most body 
systems. Climate change exacerbates air pollution problems that cause difficulty 
breathing and can lead to serious illness and death in many parts of California. Increasing 
temperatures cause increases in ozone and other pollution concentrations, including for 
California’s most polluted regions, and heighten health risks for the vulnerable and 
marginalized populations living in these areas.249 In 2020, there were 157 ozone polluted 
days across Los Angeles, Orange, Riverside, and San Bernardino Counties—the most 
days since 1997. In addition, particulate matter exposure is a heightened problem during 

 

 
245 California Department of Forestry and Fire Protection (CAL FIRE). “Stats and Events.” Cal Fire 
Department of Forestry and Fire Protection, https://www.fire.ca.gov/stats-events/. 
246 G-FEED. 2020. Indirect mortality from recent wildfires in CA. http://www.g-feed.com/2020/09/indirect-
mortality-from-recent.html.  
247 M. D. Hurteau, A. L. Westerling, C. Wiedinmyer, and B. P. Bryant. 2014. “Projected effects of climate 
and development on California wildfire emissions through 2100.” Environ. Sci. Technol. 48, 2298–2304. 
248 American Public Health Association. 2019. Addressing the Impacts of Climate Change on Mental 
Health and Well-Being. Policy No: 20196. https://www.apha.org/policies-and-advocacy/public-health-
policy-statements/policy-database/2020/01/13/addressing-the-impacts-of-climate-change-on-mental-
health-and-well-being. 
249 American Lung Association. State of the Air 2021. https://www.lung.org/research/sota. 

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.fire.ca.gov%2Fstats-events%2F&data=05%7C01%7Cbonnie.holmes-gen%40arb.ca.gov%7C8c7e04f30a9842720fec08da2f08a10b%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C637874011353535003%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=1LnTOtP2LQVL6tyEK8zbJfW%2BRE09kq2WVLJuM8qvvd8%3D&reserved=0
http://www.g-feed.com/2020/09/indirect-mortality-from-recent.html
http://www.g-feed.com/2020/09/indirect-mortality-from-recent.html
https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2020/01/13/addressing-the-impacts-of-climate-change-on-mental-health-and-well-being
https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2020/01/13/addressing-the-impacts-of-climate-change-on-mental-health-and-well-being
https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2020/01/13/addressing-the-impacts-of-climate-change-on-mental-health-and-well-being
https://www.lung.org/research/sota
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droughts, which are expected to increase over this century.250,251 Worse air quality leads 
to illnesses, emergency room visits, and hospitalizations for chronic health conditions, 
including chronic obstructive pulmonary disease (COPD), asthma, chronic bronchitis, and 
other respiratory and cardiovascular conditions, as well as increased risk for respiratory 
infections, which all result in greater health costs to the state.252,253,254 These and other 
climate-related health impacts are discussed in more detail in Appendix G (Public Health). 

Health Analysis Components  
This Scoping Plan health analysis focuses on the contrast between a California that is 
still dependent on a fossil fuel-based economy and a California that is transitioned to a 
carbon-neutral, clean energy future. This qualitative analysis evaluates and demonstrates 
the broad range of benefits of a dramatic reduction in fossil fuels by 2045 combined with 
healthier ecosystem management, comparing health outcomes for a “no-action” scenario 
(Reference) to a “take-action” decarbonization scenario. As this is a qualitative analysis, 
it looks more broadly at the public health benefits of a drastic reduction in fossil fuel 
combustion. While this analysis provides scientific evidence for Scoping Plan benefits 
based on achieving carbon neutrality by 2045, it does not analyze a specific scenario.  

The key areas of focus for the analysis are: heat impacts, children’s health and 
development, economic security, food security, mobility and physical activity, urban 
greening, wildfires and smoke impacts, and housing affordability. For each area of focus, 
the analysis covers the scientific evidence and compares expected health effects 
between the Reference and decarbonization scenarios. This analysis looks at the major 
health outcomes, provides directional effects for each health outcome, and where 
possible provides information on the strength and scale of health impacts. Some areas 
include quantitative information where tools are available to measure health outcomes. 
While the analysis is focused on health outcomes statewide, it also includes discussion 

 

 
250 Cvijanovic, I., B. D. Santer, C. Bonfils, et al. 2017. “Future Loss of Arctic Sea-ice Cover Could Drive a 
Substantial Decrease in California’s Rainfall.” 8 Nat. Commun. 1947. https://doi.org/10.1038/s41467-017-
01907-4. 
251 Williams, A. P., R. Seager, J. T. Abatzoglou, B. I. Cook, J. E. Smerdon, and E. R. Cook. 2015. 
“Contribution of anthropogenic warming to California drought during 2012–2014.” Geophysical Research 
Letters 42(16), 6819–6828. 
252 Romley, J. A., A. Hackbarth, and D. P. Goldman. 2010. Cost and Health Consequences of Air 
Pollution in California. Santa Monica, California. RAND Corp. 
https://www.rand.org/pubs/research_briefs/RB9501.html.  
253 Wang, M., C. P. Aaron, J. Madrigano, E. A. Hoffman, E. Angelini, J. Yang, A. Laine, et al. 2019. 
“Association between long-term exposure to ambient air pollution and change in quantitatively assessed 
emphysema and lung function.” JAMA 322(6), 546–556.  
254 Inserro, A. 2018.“Air Pollution Linked to Lung Infections, Especially in Young Children.” Am. J. 
Managed Care (May 6). https://www.ajmc.com/view/air-pollution-linked-to-lung-infections-especially-in-
young-children.  

https://doi.org/10.1038/s41467-017-01907-4
https://doi.org/10.1038/s41467-017-01907-4
https://www.rand.org/pubs/research_briefs/RB9501.html
https://www.ajmc.com/view/air-pollution-linked-to-lung-infections-especially-in-young-children
https://www.ajmc.com/view/air-pollution-linked-to-lung-infections-especially-in-young-children


163 

 

of benefits to community health and climate resilience, as well as potential inequities 
experienced at a community level. Figure 3-11 shows the co-benefit areas covered in this 
Scoping Plan and the path to health improvements and increased community resilience. 

Figure 3-11: Scoping Plan outcome and the path to health improvements 

 
  

Increased Community Resilience

Health Benefits
Reductions in Cardiovascular, Respiratory, and Chronic Illness; Increases in Physical 

Health, Positive Mental and Brain Health, and Improved Birth Outcomes
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Social and Environmental Determinants of Health Inequities 
Communities across the state do not experience exposure to pollution sources and the 
resulting effects equally. Low-income communities and communities of color (including 
Black, Latino and Indigenous communities) consistently experience significantly higher 
rates of pollution and adverse health conditions than others due to factors including 
historic marginalization rooted in systemic racism. As shown in Figure 3-12, the most 
impacted neighborhoods according to CalEnviroScreen (CES) are home to very high 
percentages of people of color while the least impacted neighborhoods are predominantly 
white. Recent findings show that Black Californians have 19% higher PM2.5 exposure from 
vehicle emissions than the state average, and the census tracts with the highest PM2.5 
pollution burden from vehicle emissions have a high proportion of people of color.255 Air 
pollutant emissions from mobile sources have disproportionate impacts on low-income 
communities and communities of color due to their proximity.256 Diesel-fueled vehicles 
traveling on California’s freeways and major roads expose nearby residents to pollution 
that is linked to lung cancer, hospitalizations and emergency department visits for chronic 
heart and lung disease, and premature death.257,258 A combination of historical and social 
inequities are evident in communities of color disproportionately living close to freeways 
and other major sources of vehicle pollution. Environmental exposures and contaminants 
are one component of a broader set of social, economic, and environmental factors that 
can amplify health conditions, and the combination of all these factors can compound the 
health effects of individual exposures. This broader set of community factors can be 
referred to as “cumulative impacts.” In addition, specific populations are more sensitive 
to pollution and face greater susceptibility. This includes young children, older adults, and 
individuals with existing health conditions. 

 

 
255 Reichmuth, D. 2019. Inequitable exposure to air pollution from vehicles in California. 
https://www.ucsusa.org/resources/inequitable-exposure-air-pollution-vehicles-california-2019.  
256 CARB. 2017. California’s 2017 climate change scoping plan. 
https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf.  
257 CARB. 2020. Overview: Diesel exhaust & health. https://ww2.arb.ca.gov/resources/overview-diesel-
exhaust-and-health.  
258 Kagawa, J. 2002. “Health effects of diesel exhaust emissions—a mixture of air pollutants of worldwide 
concern.” Toxicology 181–182:349–353. 

https://www.ucsusa.org/resources/inequitable-exposure-air-pollution-vehicles-california-2019
https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf
https://ww2.arb.ca.gov/resources/overview-diesel-exhaust-and-health
https://ww2.arb.ca.gov/resources/overview-diesel-exhaust-and-health
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Figure 3-12: Least and most impacted neighborhoods from CalEnviroScreen259 

 
Social Determinants of Health Inequities 

The physical and mental health of individuals and communities is shaped, to a great 
extent, by the social, economic, and environmental circumstances in which people live, 
work, play, and learn. According to the World Health Organization, these same 
circumstances—or social determinants of health—are “mostly responsible for health 
inequities: the unfair and avoidable differences in health status seen within and between 
countries.” In fact, a strong body of research demonstrates that more than 50 percent of 
long-term health outcomes are the result of social determinants affecting an individual.260 
Race/ethnicity and socioeconomic status, for example, have been found to amplify 
impacts from long- and short-term environmental exposures for several health outcomes, 

 

 

259 The figure represents the top and bottom decile scoring of CalEnviroScreen census tracts for pollution 
burden. This chart is modified from Figure 2. Race in the Least and Most Impacted Census Tracts of 
CalEnviroScreen 4.0 in the Office of Environmental Health Hazard Assessment, California Environmental 
Protection Agency. Analysis of Race/Ethnicity and CalEnviroScreen 4.0 Scores. 2021. 
https://oehha.ca.gov/media/downloads/calenviroscreen/document/calenviroscreen40raceanalysisf2021.p
df. 
260 California Department of Public Health (CDPH). 2015. The Portrait of Promise: The California 
Statewide Plan to Promote Health and Mental Health Equity. A Report to the Legislature and the People 
of California by the Office of Health Equity. Sacramento, California. California Department of Public 
Health, Office of Health Equity. 

https://oehha.ca.gov/media/downloads/calenviroscreen/document/calenviroscreen40raceanalysisf2021.pdf
https://oehha.ca.gov/media/downloads/calenviroscreen/document/calenviroscreen40raceanalysisf2021.pdf
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such as mortality and birth outcomes.261,262,263,264 Social factors combine in low-income 
communities and communities of color to create levels of toxic chronic stress and limit 
opportunities for healthy food and healthy lifestyles. Social factors also can cause health 
disparities through psychosocial pathways such as discrimination and social exclusion.265 
While the importance of social determinants is well known, measuring the specific and 
cumulative impacts of social determinants is challenging. 

There are several important tools to evaluate and map cumulative impacts and factors 
contributing to the results of historical practices such as redlining, and these tools have 
been used for air quality and climate planning, community protection, and investments. 
CalEnviroScreen is a tool that maps cumulative pollution burdens and vulnerabilities on 
a statewide basis and ranks census tracts based on environmental, exposure, population, 
and socioeconomic indicators. An analysis using CES shows a direct, persistent 
relationship between exposure to environmental burdens and socioeconomic and health 
vulnerabilities affecting communities of color and historical redlining practices. OEHHA 
has evaluated health impacts of certain climate change policies on disadvantaged 
communities and communities of color utilizing CES rankings.266 The Healthy Places 
Index (HPI) maps indicators that affect life expectancy on a statewide basis. In the future, 
these and other tools can be helpful to prioritizing investments and informing 
implementation efforts for GHG emission reductions policies.  

Environmental Determinants of Health Inequities 
Communities with large percentages of Black and other socially vulnerable and 
marginalized groups are disproportionately located near pollution sources, such as traffic 

 

 
261 O’Neill, M. S., M. Jerrett, I. Kawachi, J. I. Levy, A. J. Cohen, N. Gouveia, et al. 2003. “Health, wealth, 
and air pollution: Advancing theory and methods.” Environ Health Perspect. 111 (16): 1861–70. 
262 Ponce, N. A., K. J. Hoggatt, M. Wilhelm, and B. Ritz. 2005. “Preterm birth: The interaction of traffic-
related air pollution with economic hardship in Los Angeles neighborhoods.” Am J Epidemiol. 162 (2): 
140–8. 
263 Morello-Frosch, R., B. Jesdale, J. Sadd, and M. Pastor. 2010. “Ambient air pollution exposure and full-
term birth weight in California.” Environ Health. 9: 44. 
264 Finkelstein, M. M., M. Jerrett, P. DeLuca, N. Finkelstein, D. K. Verma, K. Chapman, et al. 2003. 
“Relation between income, air pollution, and mortality: A cohort study.” CMAJ. 169 (5): 397–402. 
265 Clougherty, J., and L. Kubzansky. 2009. “A framework for examining social stress and susceptibility in 
air pollution and respiratory health.” Environ Health Perspect. 117 ( 9 ): 1351–8. 
266 OEHHA. 2022. Impacts of Greenhouse Gas Emission Limits Within Disadvantaged Communities. 
https://oehha.ca.gov/media/downloads/environmental-justice//impactsofghgpoliciesreport020322.pdf. 

https://healthyplacesindex.org/
https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf


167 

 

and freight facilities, industrial facilities, and hazardous waste sites.267,268,269,270 Research 
shows large disparities in exposure to pollution between white and non-white populations 
in California, and between low-income and communities of color (Figure 3-13). The 
research also shows Black and Latino populations experience significantly greater air 
pollution impacts than white populations in California.271 Additionally, Native Americans 
are disproportionately impacted by air pollution with high rates of exposure to industrial, 
diesel, and residential pollution sources and higher rates of diseases linked to air 
pollution.272, 273 

 

 
267 Mohai. P., P. M. Lanz, J. Morenoff, J. S. House, and R. P. Mero. 2009. “Racial and socioeconomic 
disparities in residential proximity to polluting industrial facilities: Evidence from the Americans’ Changing 
Lives Study.” Am J Public Health. 99 (Suppl 3): S649–56. 
268 Mohai, P., and R. Saha. 2007. “Racial inequality in the distribution of hazardous waste: A national-level 
reassessment.” Soc Probl. 54 (3): 343–70. 
269 Morello-Frosch, R., M. Pastor, C. Porras, and J. Sadd. 2002. “Environmental justice and regional 
inequality in southern California: Implications for future research.” Environ Health Perspect. 110 (Suppl 2): 
149–54. 
270 Gunier, R. B., A. Hertz, J. von Behren, and P. Reynolds. 2003. “Traffic density in California: 
Socioeconomic and ethnic differences among potentially exposed children. J Expo Anal Environ 
Epidemiol. 13 (3): 240–6. 
271 Apte, J. S., S. E. Chambliss, C. W. Tessum, and J. D. Marshall. 2019. A Method to Prioritize Sources 
for Reducing High PM2.5 Exposures in Environmental Justice Communities in California. CARB Research 
Contract Number 17RD006. 
272 Indigenous People and Air Pollution in the United States. A Report from the National Tribal Air 
Association and Moms Clean Air Force. 2021. https://7vv611.a2cdn1.secureserver.net/wp-
content/uploads/2021/04/indigenousairpollution_041421.pdf  
273 National Tribal Air Association. 2022. Status of Tribal Air Report. Pg. 66. 
https://7vv611.a2cdn1.secureserver.net/wp-content/uploads/2022/10/2022-NTAA-Status-of-Tribal-Air-
Report.pdf. 
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Figure 3-13: Top sources of PM2.5 and their contribution to PM2.5 exposures by race 
and in disadvantaged communities 

 

These disparities in exposure to pollution sources generate health inequities. 
Communities located near major roadways are at increased risk of asthma attacks and 
other respiratory and cardiac effects. Studies consistently show that mobile source 
pollution exposure near major roadways or freight sources contributes to and exacerbates 
asthma, impairs lung function, and increases cardiovascular mortality.274 The exposure 
to mixtures of gaseous and particulate pollutants in mobile sources (including PM, NOx, 
and benzene) is associated with higher rates of heart attacks, strokes, lung cancer, 
autism, and dementia.275  

Environmental hazards found in communities also can include exposures to toxic 
substances and emissions, as well as occupational exposures. Due to historical 
inequities, under-resourced communities and communities of color are often located 
close to sources of toxic pollution, including chrome platers; metal recycling facilities; oil 
and gas operations; agricultural burning; railyards; facilities transporting, managing, or 
disposing of hazardous waste; and areas impacted by pesticides, among others. Some 
populations may be at increased risk of exposure to pollutants, both at work and home. 

Children are more susceptible to environmental pollutants for many reasons, including 
the ongoing development of their nervous, immune, digestive, and other bodily systems. 
Moreover, children eat more food, drink more fluids, and breathe more air relative to their 

 

 
274 U.S. Environmental Protection Agency website. How Mobile Source Pollution Effects Your Health. 
https://www.epa.gov/mobile-source-pollution/how-mobile-source-pollution-affects-your-health.  
275 USC Environmental Health Centers. 2018. Living Near Busy Roads or Traffic Pollution. 
https://envhealthcenters.usc.edu/wp-content/uploads/2016/10/living-near-bus_19696172.pdf. 

https://www.epa.gov/mobile-source-pollution/how-mobile-source-pollution-affects-your-health
https://envhealthcenters.usc.edu/wp-content/uploads/2016/10/living-near-bus_19696172.pdf
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body weight, as compared to adults.276 Exposure to high levels of air pollutants, including 
indoor air pollutants, increases the risk of respiratory infections, heart disease, and 
asthma.277 Children living in low-income communities near industrial operations, rail 
yards, and heavily trafficked freeways and streets in urban areas are at especially high 
risk of chronic respiratory conditions. Black children are four times more likely to be 
hospitalized for asthma compared with white children, and urban Black and Latino 
children are two to six times more likely to die from asthma than white children.278 Native 
American children also experience more impacts from asthma and Native American 
children, along with Black children, have the highest prevalence of asthma.279 

For older adults, increased vulnerability is linked to respiratory, cardiovascular, and 
immune systems weakened by aging.280 Preexisting health conditions interact with 
environmental pollutants to enhance risks of adverse health outcomes.281,282 The recent 
COVID-19 pandemic has highlighted the heightened vulnerability of older adults as well 
as communities of color to respiratory disease, as hospital admissions and mortality data 
linked to COVID-19 cases for these groups have been higher than other groups. 
Research has also underscored the important link between COVID-19 mortality and 
morbidity and air pollution, demonstrating significantly higher mortality and morbidity for 
COVID-19 in areas of elevated PM2.5 pollution. 

Climate Vulnerabilities 
Climate change is expected to exacerbate the existing disparities of health conditions and 
worsen climate vulnerability, which is the degree to which natural systems and people or 

 

 
276 Blaisdell, R. J. Air Toxics Hot Spots Program Risk Assessment Guidelines. 2012. Technical Support 
Document for Exposure Assessment and Stochastic Analysis. Oakland, California: California 
Environmental Protection Agency, Office of Environmental Health Hazard Assessment. August.  
277 Woodruff, T. J., D. A. Axelrad, A. D. Kyle, O. Nweke, and G. G. Miller. 2003. America’s Children and 
the Environment: Measures of Contaminants, Body Burdens, and Illness. 2nd ed. Washington, D.C.: 
United States Environmental Protection Agency. February. 
278 California Department of Public Health. Asthma Inequities in California Children. 2021. 
https://www.cdph.ca.gov/Programs/CCDPHP/DEODC/EHIB/CPE/CDPH%20Document%20Library/CA_A
sthma_Inequities_Children_2021-Infographic.pdf.  
279 Meng, Y., S. H. Babey, T. A. Hastert, and E. Brown. 2007. California’s Racial and Ethnic Minorities 
More Adversely Affected by Asthma. UCLA: Center for Health Policy Research. Retrieved from 
https://escholarship.org/uc/item/4k45v3xt. 
280 Sandström, T., A. J. Frew, M. Svartengren, and G. Viegi. 2003. “The need for a focus on air pollution 
research in the elderly.” Eur Respir J Suppl. 40: 92s–5s. 
281 Zanobetti, A., and J. Schwartz. 2001. “Are diabetics more susceptible to the health effects of airborne 
particles?” Am J Respir Crit Care Med. 164 (5): 831–3. 
https://www.atsjournals.org/doi/pdf/10.1164/ajrccm.164.5.2012039.  
282 Zanobetti, A., J. Schwartz, and D. Gold. 2000. “Are there sensitive subgroups for the effects of 
airborne particles?” Environ Health Perspect. 108 (9): 841–5. 
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communities are at risk of experiencing the negative impacts of climate change.283 A 
report from the California Climate Change Center warned that the impacts of climate 
change will likely create especially heavy burdens on low-income and other vulnerable 
populations: “Without proactive policies to address these equity concerns, climate change 
will likely reinforce and amplify current as well as future socioeconomic disparities, leaving 
low-income, minority, and politically marginalized groups with fewer economic 
opportunities and more environmental and health burdens.”284 

In the U.S. Environmental Protection Agency’s “Climate Change and Social Vulnerability 
in the United States: A Focus on Six Impacts,”285 investigators analyzed risks of six 
primary climate change impacts disproportionately affecting communities across income, 
educational attainment, race/ethnicity, and age groups. Four socially vulnerable 
populations—low income, communities of color, no high school diploma, and age 65 and 
older—were identified as having a higher likelihood of experiencing the greatest impacts 
of a changing climate (according to the projected 2°C of global warming or 50 centimeters 
of global sea level rise). Disproportionate impacts were projected for climate events, 
including air quality, extreme temperature, coastal flooding, and other impacts, leading to 
increased risk of health and other adverse outcomes. The study projected significant 
health impacts for low-income communities, certain racial and ethnic subgroups, and 
those with lower educational attainment. 

Several climate vulnerability tools have been developed or are under development to 
better understand and map areas at higher risk of climate impacts. The Climate Change 
and Health Vulnerability Indicators (CCHVIs) for California helps state and local health 
officials prepare for and reduce adverse health impacts due to a changing climate.286 For 
example, Los Angeles County shows higher than state average climate vulnerability 
overall, particularly for those who are linguistically isolated (more than twice the state 
average).  

In summary, there are many environmental, social, individual, and economic factors 
affecting health and equity in California and contributing to worsening health outcomes 
from climate change impacts. This section and Appendix G (Public Health) reference a 
substantial and growing body of research documenting the different social and 

 

 
283 OPR. 2018. Defining Vulnerable Communities in the Context of Climate Adaptation. 
https://opr.ca.gov/docs/20180723-Vulnerable_Communities.pdf.  
284 Shonkoff, S., R. Morello-Frosch, M. Pastor, and J. Sadd. 2011. “The climate gap: environmental health 
and equity implications of climate change and mitigation policies in California—A review of the literature.” 
Climatic Change 109 (Suppl 1): S485–S503. 
285 U.S. EPA. 2021. Climate Change and Social Vulnerability in the United States: A Focus on Six 
Impacts. U.S. Environmental Protection Agency. EPA 430-R-21-003. 
286 CDPH. 2022. Climate Change and Health Vulnerability Indicators for California. California Department 
of Public Health. https://www.cdph.ca.gov/Programs/OHE/Pages/CC-Health-Vulnerability-Indicators.aspx. 

https://opr.ca.gov/docs/20180723-Vulnerable_Communities.pdf
https://www.cdph.ca.gov/Programs/OHE/Pages/CC-Health-Vulnerability-Indicators.aspx
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environmental factors affecting health outcomes and the many groups that are vulnerable 
to increased effects or that experience health inequities in California (see Table 3-13).  

Table 3-13: Examples of vulnerable groups due to socioeconomic, environmental, 
developmental, and climate change factors 

Examples of Vulnerable Groups Due to Socioeconomic, Environmental, 
Developmental, and Climate Change Factors 

Older People  People with Existing 
Chronic Illness 

People Impacted Due to Working 
Conditions 

Tribal Groups Infants and Children Low-Income People  

People with Disabilities People Experiencing 
Homelessness 

Pregnant People  

Communities of Color Marginalized People  Immigrants/Refugees 

People with Less 
Educational Options 

Linguistically Isolated 
Households 

People Impacted Due to Poor 
Housing Conditions 

Summary of the Qualitative Health Analysis 
CARB has developed a detailed health analysis that covers eight social and 
environmental co-benefit areas that impact public health (listed below). These co-benefit 
areas were selected due to ongoing research in these areas as well as discussion in a 
public workshop on climate change and health impacts held in summer 2018. For each 
social and environmental area, the analysis includes:  

• a discussion of health impacts and disparities, 
• key health metrics or epidemiological research on this topic, 
• a discussion of how these areas would be affected by “no-action” (i.e., Reference) 

scenario compared to a “take-action” (i.e., Scoping Plan) scenario 
• a discussion of where there are actions to consider for further success, and 
• the types of mitigation actions that can help reduce or eliminate disparities and 

promote greater health equity and resilience. 

All co-benefit areas are interconnected, and pursuing benefits in all areas has the 
potential to multiply positive results and further support building community resilience. 
Community resilience is the ability of a community to reduce harm and maintain an 
acceptable quality of life in the face of climate-induced stresses, which vary depending 
on that community’s circumstances and location. Below is a brief description of the areas 
evaluated for public health co-benefits. The specific health outcomes impacted by each 
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area, as well as the directional health benefits, are included in the Summary of Health 
Benefits section of the chapter and covered in more detail in Appendix G (Public Health). 

Heat Impacts  
Globally, increased GHG concentrations in the atmosphere are causing a continuing 
increase of the planet’s average temperature. California temperatures have risen since 
records began in 1895, and the rate of increase is accelerating. Recent heat waves have 
broken heat records and caused serious illness across the state, and these events are 
becoming more frequent. Heat waves have a particularly high impact in Southern 
California, where they have become more intense and longer lasting. In the past two 
years, Los Angeles recorded 121°F, and the Coachella Valley had its hottest year ever, 
with temperatures reaching 123°F. Heat island effects in urbanized areas can elevate 
heat effects and disproportionately affect low-income communities and communities of 
color. Heat events exacerbate respiratory and cardiac illness and cause emergency room 
visits to soar. Strategies that reduce the impacts of heat exposure promote improved 
health outcomes.  

Wildfires and Smoke 
California’s NWL cover more than 90 percent of California and include rangeland, forests, 
woodlands, grasslands, and urban green space. They provide biodiversity and ecosystem 
benefits, including their ability to sequester carbon from the atmosphere. Protecting and 
managing California’s forests and other natural lands and maintaining their ecosystem 
health are key practices for maximizing GHG benefits and minimizing negative climate 
change impacts. Vegetation plays an important role in storing carbon; however, it can 
also release CO2 back into the atmosphere when it dies or is burned by fires. California’s 
wildfires are getting worse with increased fire risks, higher frequency of occurrence, larger 
burn areas, more costly damage, and a longer fire season due to climate change. 
Strategies that promote healthy ecosystem management of natural and working lands 
and increased urban greening promote improved health outcomes. Healthy ecosystems 
provide many health and environmental benefits and can maximize carbon sequestration. 

Children’s Health and Development  
There are a wide range of interconnected environmental, social, biological, and 
community factors associated with climate change that are adversely affecting children’s 
health. This section focuses on air pollution and near-roadway or traffic pollution as 
environmental impacts that have a profound effect on children’s health. Children’s bodies 
and lungs are still developing, and they take in more air per body weight than adults do. 
Many low-income communities and communities of color in California experience 
disproportionately high levels of air pollution, as well as high levels of traffic and freight 
that impact children. This excess exposure harms children’s development and 
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predisposes them to increased risk of illness throughout their lives. Strategies that reduce 
air pollution and traffic emissions promote improved health outcomes for children. 

Economic Security  
Climate change is expected to result in serious adverse socioeconomic effects across 
many sectors. Economic factors, such as income inequality (among geographic regions), 
poverty, wealth, debt, unemployment rate, and job security are among the strongest 
determinants of health. Along the entire income spectrum, higher income is associated 
with increased life expectancy and improved health outcomes in the United States. 
Additionally, economic insecurity and negative health impacts are more pronounced in 
low-income communities and communities of color. Economic strategies, such as the 
promotion of clean energy and other green jobs and investments in low-income 
communities and communities of color, and promoting a transition to high road jobs in 
economic sectors tied to the current fossil fuel economy, can promote improved health 
outcomes.287 

Food Security  
The food system is under pressure from numerous factors, and climate change is a key 
concern. Climate change can affect food production and agricultural yield, impact 
culturally significant plants and animals for Native American tribes, and exacerbate 
factors that limit food availability, such as supply chain disruption. Food security is defined 
as stable access to affordable, sufficient food for an active, healthy life. Many Californians 
routinely experience food insecurity, and while that impacts Californians of all races and 
groups, low-income communities and communities of color and children are 
disproportionately affected by food insecurity. Many Native Americans depend on 
resources from the land, such as animals and plants for consumption and cultural 
practices. Strategies that promote sustainable agriculture, access to healthy foods, and 
reduced organic food waste promote improved health outcomes. 

Mobility and Physical Activity 
Physical activity is one of the most important factors for a healthy lifestyle, and lack of 
activity increases the risk of chronic illness and premature death. Research shows that 
regular physical activity improves health in people of all ages by improving heart and lung 

 

 

287 According to the California Labor and Workforce Development Agency’s High Road Training 
Partnership program, high road jobs are considered “Quality jobs [that] provide family-sustaining wages, 
health benefits, a pension, worker advancement opportunities, and collective worker input and are stable, 
predictable, safe and free of discrimination.” https://cwdb.ca.gov/wp-
content/uploads/sites/43/2020/08/OneSheet_Job-Quality_ACCESSIBLE.pdf.  

https://cwdb.ca.gov/wp-content/uploads/sites/43/2020/08/OneSheet_Job-Quality_ACCESSIBLE.pdf
https://cwdb.ca.gov/wp-content/uploads/sites/43/2020/08/OneSheet_Job-Quality_ACCESSIBLE.pdf
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function, muscle fitness, mental health and brain function, and sleep quality. A sedentary 
lifestyle contributes to chronic illnesses, including obesity, heart disease, and Type 2 
diabetes among other chronic illnesses. Promoting community design that supports 
sustainable patterns of land use and transportation enables active transportation choices 
like walking, biking, and public transit over driving, and can significantly increase physical 
activity, leading to many valuable health benefits. 

Affordable Housing 
Housing is an important social determinant of health. The stability of housing, housing 
quality, conditions inside and outside the home, the cost of housing, and the 
environmental and social characteristics of the places people live all affect health 
(including energy efficiency and insulation, cooler building material, tree canopy, home 
size). Housing affordability is a key factor, and this section highlights how housing 
affordability supports not only improved health but also more sustainable land use and 
transportation patterns. A lack of affordable housing is increasing commute distances for 
low-income renters and creating health burdens. Strategies that support sustainable 
transportation and housing patterns, together with increased housing affordability, 
promote improved health outcomes. 

Urban Greening  
Urban Greening is well recognized as an important amenity, but the inherent health 
benefits are not always well understood. Under-resourced and vulnerable areas 
consistently show a lack of urban greening and higher percentages of concrete, asphalt, 
and impervious surfaces. Under-resourced communities have a greater proportion of 
concrete and heat-trapping surfaces and a lower amount of tree cover in the 
neighborhoods in which they live. Areas with reduced urban greening have the potential 
to create areas of higher temperatures as heat is reflected from pavements and buildings. 
By contrast, increasing urban greening can provide air pollution buffers and promote 
physical activity. Strategies that preserve and create urban parks, green space, natural 
infrastructure, and sustainable agricultural practices support improved physical and 
mental health outcomes. 

No Action Scenario (Reference) 
In a no-action scenario, California would remain dependent on fossil fuels and other GHG 
emitting technologies. Fossil-fuel powered mobile sources including cars, trucks, trains, 
tractors, and a myriad of other on-road and off-road vehicles and equipment are the 
largest source of criteria pollutants and toxic air contaminants that directly affect 
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community health and contribute the largest portion of GHG emissions.288 Other key GHG 
emission sources include buildings, natural and working lands, and power production and 
industry. The no-action scenario reflects a continued reliance on fossil fuels in mobile and 
stationary sectors, including buildings. The continued production and use of fossil fuels; 
ongoing dependence on gasoline and diesel cars, trucks, buses, and equipment; 
continued releases of short-lived climate pollutants; and decreased emphasis on forest 
and ecosystem health will impact communities by reducing climate resilience and health 
benefits. Green space will likely remain at the same levels or degrade, and urban heat 
islands will likely increase. With continued growth of vehicle miles traveled, physical 
activity and the accompanying health benefits will not increase.  

Exposure to wildfire smoke will increase, and air quality is expected to worsen as rising 
temperatures will increase levels of harmful air pollution. Jobs and economic security will 
be affected by the continuing potential for price spikes in fossil fuels, impacts to the 
economy from climate change, and fewer job opportunities in green technologies such as 
solar and electric vehicles. Food security in California will decrease due to the effects of 
accelerating climate impacts to agriculture; and without increased recovery of organic 
waste, including food products, food security will continue to decline under a no action 
scenario. All these impacts can be linked to worse health outcomes. Adverse health 
impacts are often most felt by Black, Latino, Native American, and other people of color 
and in low-income communities. These groups are affected more intensely by the 
physical stress of environmental pollution, social inequities, and the psychological stress 
of extreme weather events and food and economic insecurity. 

Take Action Scenario  
In the Take Action scenario, California will drastically reduce reliance on fossil fuels for 
motor vehicles, freight, buildings, electricity, or other sectors. This scenario is not a 
specific scenario within this Scoping Plan but examines the broad outcomes of actions to 
achieve carbon neutrality in 2045. Implementation of this Scoping Plan would achieve a 
transition to ZEVs, with 100% sales of light-duty ZEVs by 2035 and 100% sales of zero 
emission trucks by 2040, along with 30% VMT reductions below 2019 levels by 2045. 
State and local action that supports sustainable land use and transportation patterns and 
enables more transit and active transportation will lead to substantial health benefits from 
physical activity, including reduced illness and deaths.  

 

 

288 CARB. 2022. California Greenhouse Gas Emissions for 2000 to 2020. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf. 

https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf
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The economic benefits of improved health through active transportation can be modeled 
using the Healthy Mobility Options Tool (HMOT).289 In order to demonstrate the important 
health and economic benefits of VMT reduction, CARB and CDPH used the HMOT to 
analyze an illustrative trip reduction scenario for 2050 from the California Transportation 
Plan (CTP). The CTP has a goal of increasing active modes of travel and transit from the 
current level of 13 percent to a level of 23 percent of all travel trips. While the CTP goal 
of 23 percent for active modes of travel is not a VMT reduction target, the scenario 
increases active transportation through a mix of changes in land use planning for 
increased transportation options, including increases in biking, walking, and transit use, 
and it helps to show the health benefits of increased active transportation. By achieving 
the CTP 2050 goals, nearly 8,000 deaths would be avoided in 2050 alone (see Figure 3-
14), along with significant reductions in chronic diseases. Achieving this would rank 
among the top public health accomplishments (see Appendix G [Public Health] for 
additional modeling results and detailed discussion).  

The dramatic reduction in fossil fuel combustion, combined with reductions in VMT and 
freight and traffic emissions projected in this Scoping Plan will significantly reduce air 
pollution and its associated health impacts on a statewide basis and in communities near 
freight sources. Coordinated action strategies will emphasize natural and working lands 
management changes, including healthy forests, increased vegetative cover, and 
increased organic farming. Wildfire smoke exposure will reduce significantly with healthy 
ecosystem management strategies. Since many communities in California are 
disproportionately impacted by high levels of traffic pollution, the reduction in petroleum 
fueled vehicles will reduce the additional impacts of living or going to school near 
historically highly polluting sources. Indoor air quality is also likely to improve through a 
shift to non-fossil fuel appliances. Concerted state and local action to support sustainable 
land use and transportation patterns can enable more active transportation with health 
benefits from physical activity.  

 

 

289 ITHIM California. 2020. Transportation Planning for Health, Equity, and Climate Change. 
https://skylab.cdph.ca.gov/HealthyMobilityOptionTool-ITHIM/.  

https://skylab.cdph.ca.gov/HealthyMobilityOptionTool-ITHIM/
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Figure 3-14: Quantified health benefits of active transportation from increased 
physical activity 

 
Overall community resilience is expected to increase as physical activity and green space 
increases—potentially decreasing urban heat islands. Efforts to support VMT reduction 
will include coordination across state agencies on affordable housing measures. Reduced 
fossil fuel dependence will reduce economic pressure from wildfires, droughts, and price 
spikes in fossil fuels, especially as more jurisdictions implement plans with similar actions. 
Investment in sustainable agriculture, healthy forests, urban greening, and clean energy 
technologies will add sustainable jobs and further promote economic security. More 
sustainable agriculture and food recovery efforts will add to food security. All these 
impacts can be linked to wide ranging health benefits, including positive respiratory and 
cardiovascular effects, healthier birth and brain outcomes, improved mental health 
indicators, improved life expectancy, reductions in chronic illness and cancers, improved 
children’s health and development, reduced depression, and other benefits. The 
magnitude of the possible co-benefits is extremely large, especially in areas that are 
currently the most affected. 

Summary of Health Benefits 
Below, Tables 3-14 and 3-15 show overall summaries of the directional benefits by 
co-benefit area estimated for this Scoping Plan. The supporting epidemiological studies 
used for qualitative or quantitative analysis of each co-benefit area are included in 
Appendix G (Public Health). Another section of Chapter 3, together with Appendix C (AB 
197 Measure Analysis) and Appendix H (AB 32 GHG Inventory Sector Modeling), also 
includes the quantitative analysis of air pollution related health impacts, including recently 
added health endpoints for CARB’s ongoing analysis. 
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Table 3-14: Scoping Plan directional benefits for health co-benefit areas (heat, 
affordable housing, food security, economic security, and urban greening) 

Health Co-benefit Areas*  

Quantitative 
vs. 

Qualitative 

Reduced Heat 
Impacts 

Increased 
Affordable 
Housing 

Increased 
Food Security 

Increased 
Economic 
Security 

Increased 
Urban 

Greening 

Research 
was used 

for 
Qualitative 
Analysis 

↓ Mortality 

↓ Emergency 
Room Visits for 
cardiovascular 
and respiratory 

causes and 
intestinal 
infections 

↓Hospitalization 
for 

cardiovascular, 
respiratory 

causes 

↓ Preterm Birth 

↓ Mental Illness 

↓ Infectious 
Disease 

↓ Chronic 
Illness 

↓ Asthma 

↓ Injuries 

↓ Mental Illness 

↑ Children’s 
Performance in 

Schools 

↑ Children’s 
Health 

↓ Children’s 
Behavioral 
Problems 

↓ Mental Illness 

↓ Iron 
Deficiency 

↓ Chronic 
Diseases 

↑ Life 
Expectancy 

↓ Children’s 
Mental Illness 

↓ Children’s 
Cognitive 
Problems 

↓ Children’s 
Behavioral 

Health 
Problems 

↓ Children’s 
Iron Deficiency 

↓ Children’s 
Oral Health 
Problems 

↑ Life 
Expectancy 

↑ Health 
Status 

↑ Mental 
Health 

↓ Mortality 

↓ Asthma 
Prevalence 

↓ Depression 

↓ Adverse 
Birth 

Outcomes 
including low 
birth weight 

and small for 
gestational 

age 

↑ Life 
Expectancy 

 

*See Appendix G (Public Health) for a table with references to research for each health outcome listed.  
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Table 3-15: Scoping Plan directional benefits for health co-benefit areas (traffic 
pollution, wildfire, and active transportation) 

Health Co-benefit Areas* 

Quantitative vs. 
Qualitative 

Reduced Traffic 
Pollution 

Reduced 
Wildfire Smoke 

Increased Active 
Transportation 

Research was 
used for 

Quantitative 
Analysis 

↓ Children’s 
Respiratory 

Outcomes, Hospital 
Admissions 

↓ Children’s 
Respiratory 
Outcomes, 

Emergency Room 
Visits 

↓ Children’s 
Asthma Onset 

↓ Children’s 
Asthma Symptoms 

↓ All-Cause 
Mortality 

↓ Asthma, 
Hospital 

Admissions 

↓ COPD, Hospital 
Admissions 

↓ All Respiratory 
Outcomes, 

Hospital 
Admissions 

↓ Asthma, 
Emergency Room 

Visits 

↓ All Respiratory 
Outcomes, 

Emergency Room 
Visits 

↓ All Cardiac 
Outcomes, 

Emergency Room 
Visits 

↓ Cardiovascular 
Diseases 

↓ Colon Cancer 

↓ Breast Cancer 

↓ Diabetes 

↓ Dementia 

↓ Lung Cancer 

↓ Respiratory 
Disease 

↓ Depression 

↑ Traffic Accidents 

Research was 
used for 

Qualitative 
Analysis 

↑ Children’s Lung 
Function Growth 

↓ Children’s 
Bronchitic 
Symptoms 

↓ Children’s 
Impaired Cognitive 

Development 

↓ Children’s 
Adverse Birth 

Outcomes, 
including low birth 

weight and preterm 
birth 

  

*See Appendix G (Public Health) for a table with references to research for each health outcome listed. 
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In summary, the qualitative health analysis of the No-Action versus Take-Action scenarios 
for this Scoping Plan shows an overwhelming benefit for the state by taking action to 
move forward to carbon neutrality while continuing efforts to increase health equity and 
resilience in individual communities. Taking action can improve physical and mental 
health for adults and children, reduce a range of chronic illnesses, and promote 
improvements in life expectancy. Development and implementation of actions to achieve 
the outcomes called for in this Scoping Plan should consider how to engage affected 
communities in implementation, address the existing health and opportunity gaps, and 
pursue equitable implementation statewide and locally. This Scoping Plan deployment of 
clean technology and fuels, together with improved land management, will reduce GHGs 
and air pollution and create more resilient communities that are better able to prepare for 
and recover from extreme climate events. 
 

Environmental Analysis 
In May 2022, CARB, as the lead agency for the Scoping Plan, released for public review 
the Draft Environmental Analysis (Draft EA) for this Scoping Plan; it assessed the 
potential environmental impacts of implementing the Scoping Plan. CARB circulated the 
Draft EA for public review and comment for a period of 45 days that began on May 10, 
2022, and ended on June 24, 2022. CARB held a public hearing on June 23, 2022 to 
provide the opportunity for public comment. During the review period, written and oral 
comments were received on the Draft EA. CARB reviewed the comments to identify 
environmental topics and began preparation of responses to those comments.  

After the end of the Draft EA public review period, CARB identified potential revisions to 
certain aspects of this Scoping Plan that merit revisions to the project description. This 
new information results from, among other things, revisions to the project description 
regarding energy sector goals (including offshore wind), revised carbon removal targets, 
and additional strategies for natural and working lands. CARB released a Recirculated 
Draft EA for a written public comment period that started September 9, 2022, and ended 
on October 24, 2022. See Chapter 2 of the Recirculated Draft EA290 for further information 
regarding the changes. The Recirculated Draft EA assesses the potential for significant 
adverse and beneficial environmental impacts associated with all proposed actions in this 
Scoping Plan, and provides a programmatic environmental analysis of the reasonably 
foreseeable compliance responses that could result from implementation of the Scoping 

 

 

290 CARB. 2022. Recirculated Draft EA. https://ww2.arb.ca.gov/sites/default/files/2022-09/2022-draft-sp-
appendix-b-draft-ea-recirc.pdf.  

https://ww2.arb.ca.gov/sites/default/files/2022-09/2022-draft-sp-appendix-b-draft-ea-recirc.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-09/2022-draft-sp-appendix-b-draft-ea-recirc.pdf
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Plan.291 The Recirculated Draft EA concluded implementation of this Scoping Plan could 
result in the following:  

• Beneficial impacts to: air quality (long-term operational-related) and GHG 
emissions (short-term construction-related and long-term operational-related) 

• Less than significant impacts to: energy demand, mineral resources, population 
and housing, public services, recreation (short-term construction-related), and 
wildfire (short-term construction-related)  

• Potentially significant and unavoidable adverse impacts to: aesthetics, agriculture 
and forest resources, air quality (construction-related and operational odors), 
biological resources, cultural resources, geology and soils, hazards and hazardous 
materials, hydrology and water quality, land use and planning, noise, recreation 
(long-term operational-related), transportation and traffic, tribal cultural resources, 
utilities and service systems, and wildfire (long-term operational-related 

 
Before the public meeting at which the Board will consider this Scoping Plan Update, 
CARB will publish the Final EA as Appendix B (Final Environmental Analysis) to this 
Scoping Plan, along with written responses to timely submitted comments raising 
significant environmental issues received on the Draft EA and the Recirculated Draft EA, 
which will be presented to the Board for consideration. 

 

 

 

 

291 The Recirculated Draft EA is available at https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-
change-scoping-plan/2022-scoping-plan-documents. 

https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents
https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents
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Chapter 4: Key Sectors 
Chapter 4 provides an overview of the major energy sources and technology in use today, 
and of alternative clean technology and fuels to support decarbonization based on the 
latest information available. Every sector of the economy will need to begin to transition 
in this decade to meet our GHG reduction goals and achieve carbon neutrality no later 
than 2045. AB 32 requires climate change mitigation policies to be considered in the 
context of the sector’s contribution to the state’s total GHG emissions. The transportation, 
electricity (in-state and imported), and industrial sectors are the largest contributors of 
GHGs in the state and present the largest opportunities for GHG reductions. Actions to 
reduce fossil fuel combustion in these sectors also can provide critical air pollution 
reductions in low-income communities and communities of color, which are often located 
adjacent to these sources. A carbon neutrality framework also elevates the role of CO2 
removal through natural and working lands and mechanical capture and storage. Actions 
that support energy efficiency, reduced VMT, alternative fuels, and renewable power also 
can provide benefits by reducing both criteria and toxic air pollutants.  

What sets this plan apart from previous Scoping Plans is the focus on the accelerated 
rate of deployment of clean technology and energy within every sector. As a result, 
specific actions, including accelerated rates of deployment of clean technology and fuels 
identified within this Scoping Plan, will need to be translated into both new and amended 
regulations, policies, and incentive programs. State agencies will need to evaluate current 
authority to align existing policies or develop new ones to achieve outcomes called for in 
this Scoping Plan. Legislative support may be needed in some cases to ensure authority 
and funding is sufficient to ensure this Scoping Plan is translatable to action on the 
ground. Most regulations, or change to existing regulations, ultimately considered by the 
Board or other state agencies for adoption will be subject to administrative procedure 
requirements. Accordingly, they must rely on specific subsequent supporting analysis and 
extensive public processes and consultations with interested tribes to develop and identify 
appropriate proposals for effective implementation. For example, any proposal to 
strengthen the LCFS regulations through amendments increasing the stringency of the 
carbon intensity (CI) targets would be considered on the basis of a public process, 
including workshops, and focused environmental, economic, and public health analyses. 

Policies that ensure economy-wide investment or program decisions that incorporate 
consideration of GHG emissions are particularly important. As we pursue GHG reduction 
targets, we must acknowledge the manner in which built and natural environments are 
connected, how changes in one may impact the other, and how policy choices in one 
sector can and do impact other sectors. For example, fostering more compact, 
transportation-efficient development in infill areas and increasing transportation choices 
with the goal of reducing VMT not only reduces demand for transportation fuel but also 
requires less energy for buildings and helps to conserve natural and working lands that 
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sequester carbon. Therefore, the multiple and often interwoven actions that reduce VMT 
both reduce emissions from the transportation sector and support reductions needed in 
other sectors. 

Legislation, such as SB 350292 (De León and Leno, Chapter 457, Statutes of 2015), has 
recognized the need for CARB, the CEC, and the CPUC to work together to ensure the 
state’s energy and climate goals are integrated in procurement decisions by load serving 
entities as part of Integrated Resource Plans. Moving forward, it is especially critical that 
similar approaches are adopted to break down silos across state agencies to ensure 
policies and programs are aligned with multiple state priorities outlined in this plan. Finally, 
supportive legislative direction, such as SB 905 that requires CARB to create the Carbon 
Capture, Removal, Utilization, and Storage Program, may also benefit emerging areas of 
policy to provide express agency authority and roles for these nascent efforts, including 
streamlining of permitting, while ensuring that protections for communities are in place.  

Unlike previous Scoping Plans that separated out individual economic sectors, this 
Scoping Plan approaches decarbonization from two perspectives: (1) managing a 
phasedown of existing energy sources and technology and (2) ramping up, developing, 
and deploying alternative clean energy sources and technology over time. This approach 
supports a more comprehensive consideration of our energy infrastructure, the ability to 
repurpose existing assets, and the need to build new assets. It also provides multiple 
metrics beyond just the annual AB 32 GHG Inventory to better enable tracking progress. 
For example, it clearly demonstrates the production and distribution rates of specific types 
of clean energy, such as adding 4.3 GW of utility solar and 2.5 GW of storage year-over-
year between now and 2035 to be on track to achieve carbon neutrality no later than 
2045, and does the same for technology deployment, such as 11 million ZEVs in 2035.  

The sections below include key actions to support success in the necessary transition 
away from fossil combustion, which is an overriding goal of this plan. The wide array of 
complementary and supporting actions being contemplated or to be undertaken across 
state government are detailed here. The broad view of actions described in this chapter 
thus provides context for the specific deployment of clean technology and fuels identified 
in the Scoping Plan Scenario described in Chapter 2. Actions identified in this Scoping 
Plan are based on currently known options and the latest science. As part of future 
Scoping Plan updates, additional clean technology and fuels may be identified and added 
to the mix of needed tools to continue to reduce the state’s GHG emissions, support air 
quality co-benefits, and remove carbon from the atmosphere. 

 

 
292 California Air Resources Board. SB 350 Electricity Sector Greenhouse Gas Planning Targets. 
https://ww2.arb.ca.gov/our-work/programs/sb350.  

https://ww2.arb.ca.gov/our-work/programs/sb350
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Transportation Sustainability  
The transportation sector has long relied on liquid petroleum fuels as the primary energy 
source for internal combustion engine (ICE) vehicles, including cars, trucks, locomotives, 
marine equipment, and aircraft. Combustion of fossil fuels in vehicles emits significant 
amounts of GHGs, criteria pollutants, and toxic air contaminants. In 2019,293 the 
transportation sector accounted for approximately 50 percent of statewide GHG 
emissions294 and thus was by far the single largest source of carbon pollution in the state. 
In addition, the transportation sector accounted for over 80 percent of statewide NOx 
emissions and 30% of fine particulate matter emissions, including toxic diesel particulate 
matter.295  

Communities adjacent to congested roadways, including ports and distribution centers, 
are exposed to the highest concentration of toxic pollutants from vehicles and equipment 
consuming fossil fuels, leading to a number of demonstrated health impacts such as 
respiratory illnesses, higher likelihood of cancer development, and premature death. In 
addition, communities located near oil extraction operations or crude oil refineries often 
experience higher exposure to poor air quality. While CARB’s programs, along with local 
action, have made substantial progress over the past few decades, it is clear that 
California must transition away from fossil fuels to zero-emission technologies with all 
possible speed and pursue policies that result in less driving, in order to meet our GHG 
and air quality targets. 

The transportation sector can be divided into three general categories: Technology, 
Fuels, and Vehicle Miles Traveled.  

• Technology refers to the vehicles themselves, as well as the associated refueling 
infrastructure for those vehicles.  

• Fuels refers to the energy source used to power vehicles and the facilities that 
produce them. 

• Vehicle travel is measured as vehicle miles traveled (VMT), and is a product of 
development patterns and available transportation options. 

 

 
293 In 2020 the state experienced shelter-in-place orders in response to the COVID-19 pandemic. The 
orders, and the effects of the pandemic, led to a significant year-over-year decline in transportation 
emissions in 2020. This means 2019 is likely a more representative year for overall transportation 
emissions and 2020 a likely outlier in the historical transportation emissions trend data.  
294 CARB. 2022. California Greenhouse Gas Emissions for 2000 to 2020. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf. This 
includes upstream oil extraction and refining emissions.  
295 CARB. California Greenhouse Gas Emission Inventory Program. https://ww2.arb.ca.gov/our-
work/programs/ghg-inventory-program. 

https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf
https://ww2.arb.ca.gov/our-work/programs/ghg-inventory-program
https://ww2.arb.ca.gov/our-work/programs/ghg-inventory-program
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Sector Transition 
Technology 
Vehicles must transition to zero emission technology to decarbonize the transportation 
sector. Executive Order N-79-20296 reflects the urgency of transitioning to zero emission 
vehicles (ZEVs) by establishing target dates for reaching 100 percent ZEV sales or fleet 
transitions to ZEV technology. The primary ZEV technologies available today are battery-
electric and hydrogen fuel cell electric vehicles (FCEVs), both of which emit zero tailpipe 
GHGs, criteria pollutants, and toxic air contaminants, as they do not burn fuel. These 
vehicles are rapidly growing in performance, affordability, and popularity.297 Plug-in hybrid 
electric vehicles also offer a limited but increasing range of zero emission operation and 
will play a role in the transition to ZEVs. 

Light-duty passenger vehicles consume the majority of gasoline in the state—12.9 billion 
gallons in 2019298—and are well-suited for transitioning to ZEVs.  
EO N-79-20 calls for 100 percent ZEV sales of new light-duty vehicles by 2035, and this 
target is reflected in this Scoping Plan.299 The Advanced Clean Cars II regulation fulfills 
the goal in the Executive Order and serves as the primary mechanism to help deploy 
ZEVs. A number of existing incentive programs also support this transition, including the 
Clean Cars 4 All Program.300 Heavy-duty trucks are the largest source of diesel particulate 
matter, a toxic air contaminant that is directly linked to a number of adverse health 
impacts, and EO N-79-20 also sets targets for transitioning the medium- and heavy-duty 
fleet to zero emissions: by 2035 for drayage trucks and by 2045 for buses and heavy-
duty long-haul trucks where feasible. Replacing heavy-duty vehicles with ZEV technology 
will significantly reduce GHG emissions and diesel PM emissions in low-income 
communities and communities of color adjacent to ports, distribution centers, and 
highways. The existing Advanced Clean Trucks regulation, paired with the proposed 
Advanced Clean Fleets regulation, are designed to transition a significant amount of the 

 

 
296 Executive Department. State of California. Executive Order N-79-20. https://www.gov.ca.gov/wp-
content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf.  
297 CARB. 2021. Public Workshop for Advanced Clean Cars II. May 6. 
https://ww2.arb.ca.gov/sites/default/files/2021-05/acc2_workshop_slides_may062021_ac.pdf. 
298 CARB. 2022. Fuel Activity for California’s Greenhouse Gas Inventory by Sector and Activity. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/fuel_activity_inventory_by_sector_all_00-
20.xlsx. 
299 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1A, with reference to the date 
at which all new vehicle sales are ZEVs. finalejacrecs.pdf (arb.ca.gov). 
300 CARB. Clean Cars 4 All. https://ww2.arb.ca.gov/our-work/programs/clean-cars-4-all. The Clean 
Vehicle Rebate Project (CVRP) also supports the transition to ZEVs. https://cleanvehiclerebate.org/en.  

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
https://ww2.arb.ca.gov/sites/default/files/2021-05/acc2_workshop_slides_may062021_ac.pdf
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/fuel_activity_inventory_by_sector_all_00-20.xlsx
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/fuel_activity_inventory_by_sector_all_00-20.xlsx
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/our-work/programs/clean-cars-4-all
https://cleanvehiclerebate.org/en
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California truck fleet to ZEV technology. As with the LDV sector, a number of incentive 
programs support this transition, such as the Hybrid and Zero-Emission Truck and Bus 
Voucher Incentive Project (HVIP).301  

Figure 4-1 below illustrates the pace of transition in vehicle technology needed to 
drastically reduce GHG emissions from vehicles. All vehicle classes reach 100 percent 
ZEV sales before 2045, with some achieving this well before. The ZEV technology across 
the vehicle classes is assumed to be primarily battery electric and hydrogen fuel cell 
(reflecting the primary ZEV technologies available today).302  

Figure 4-1: Transition of on-road vehicle sales to ZEV technology in the Scoping 
Plan Scenario 

 
Today, off-road vehicles also rely heavily on ICE technology. Executive Order N-79-20 
sets an off-road equipment target of transitioning the entire fleet to ZEV technology by 
2035, where feasible. There is a great need for both investment and innovation in the off-
road space in order to develop and commercialize zero emission equipment types that 
meet or exceed the performance of existing equipment. A number of funding sources 
currently support this transition, including programs such as FARMER, Carl Moyer, and 

 

 
301 California HVIP. Hybrid and Zero-Emission Truck and Bus Voucher Incentive Project. 
https://californiahvip.org/?msclkid=efaf65f2c26f11eca6bdd08ecc323864.  
302 The light-duty fleet includes more than 11 million battery electric and hydrogen fuel cell vehicles in 
2035 and over 23 million battery electric and hydrogen fuel cell vehicles in 2045.  
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the Community Air Protection Incentives—as well as Low Carbon Transportation 
Incentives, including the Clean Off-Road Equipment (CORE) program. In addition, the 
2021–22 California budget provided record-high allocations for funding ZEVs, including 
off-road equipment, and the 2022–23 budget is similarly ambitious.303 Several regulations 
focused on transitioning to zero emission off-road equipment have recently been adopted 
or are in the works, and apply to locomotives,304 forklifts, ocean-going vessels at berth,305 
commercial harbor craft,306 small off-road engines,307 and more.  

Intrastate aviation relies on ICE technology today, but battery-electric and hydrogen fuel 
cell aviation applications are in development, along with sustainable aviation fuel. The 
Scoping Plan Scenario includes a transition of 20% of aviation fuel demand to ZEV 
technologies by 2045 and sustainable aviation fuel for the rest. 

Refueling infrastructure is a crucial component of transforming transportation technology. 
Electric vehicle chargers and hydrogen refueling stations must become easily accessible 
for all drivers to support a wholesale transition to ZEV technology. Deployment of ZEV 
refueling infrastructure is currently supported by a number of existing local and state 
public funding mechanisms, the new National Electric Vehicle Infrastructure (NEVI) 
federal funding mechanism, California’s electric utilities, the Electrify America initiative 
that was established in response the Volkswagen ZEV commitment, and by numerous 
companies, such as EVgo, ChargePoint, Tesla, Ford, FirstElement Fuel, Chevron, Shell, 
and Iwatani, who are investing substantial private resources into developing these 
networks. Private investment in reliable, affordable and ubiquitous refueling infrastructure 
must drive the transition as the business case for ZEVs continues to strengthen. 

Strategies for Achieving Success 

• Achieve 100 percent ZEV sales of light-duty vehicles by 2035308 and medium-
heavy-duty vehicles by 2040. 

• Achieve a 20% zero emission target for the aviation sector. 

 

 
303 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1C. CARB and the 
Administration are committed to increasing focus on transportation equity investment as was reflected in 
the governor’s 2022–23 budget. finalejacrecs.pdf (arb.ca.gov). 
304 CARB. Reducing Rail Emissions in California. https://ww2.arb.ca.gov/our-work/programs/reducing-rail-
emissions-california. 
305 CARB. Ocean-Going Vessels At Berth Regulation. https://ww2.arb.ca.gov/our-work/programs/ocean-
going-vessels-berth-regulation.  
306 CARB. CARB passes amendments to commercial harbor craft regulation. 
https://ww2.arb.ca.gov/news/carb-passes-amendments-commercial-harbor-craft-regulation.  
307 CARB. Small Off-Road Engines (SORE). https://ww2.arb.ca.gov/our-work/programs/small-off-road-
engines-sore. 
308 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1A. finalejacrecs.pdf 
(arb.ca.gov). 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-california
https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-california
https://ww2.arb.ca.gov/our-work/programs/ocean-going-vessels-berth-regulation
https://ww2.arb.ca.gov/our-work/programs/ocean-going-vessels-berth-regulation
https://ww2.arb.ca.gov/news/carb-passes-amendments-commercial-harbor-craft-regulation
https://ww2.arb.ca.gov/our-work/programs/small-off-road-engines-sore
https://ww2.arb.ca.gov/our-work/programs/small-off-road-engines-sore
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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• Develop a rapid and robust network of ZEV refueling infrastructure to support the 
needed transition to ZEVs. 

• Ensure that the transition to ZEV technology is affordable for low-income 
households and communities of color, and meets the needs of communities and 
small businesses.309  

• Prioritize incentive funding for heavy-duty ZEV technology deployment in regions 
of the state with the highest concentrations of harmful criteria and toxic air 
contaminant emissions.310 

• Promote private investment in the transition to ZEV technology, undergirded by 
regulatory certainty such as infrastructure credits in the Low Carbon Fuel Standard 
for hydrogen and electricity311 and hydrogen station grants from the CEC’s Clean 
Transportation Program312 pursuant to Executive Order B-48-18.313 

• Evaluate and continue to offer incentives similar to those through FARMER,314 Carl 
Moyer,315 the Clean Fuel Reward Program,316 the Community Air Protection 
Program,317 and Low Carbon Transportation,318 including CORE.319 Where 
feasible, prioritize and increase funding for clean transportation equity 
programs.320 

• Continue and accelerate funding support for zero emission vehicles and refueling 
infrastructure through 2030 to ensure the rapid transformation of the transportation 
sector.  

 

 
309 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF6, in the context of 
communities. finalejacrecs.pdf (arb.ca.gov). 
310 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF7. finalejacrecs.pdf 
(arb.ca.gov). 
311 CARB. LCFS ZEV Infrastructure Crediting. https://ww2.arb.ca.gov/resources/documents/lcfs-zev-
infrastructure-crediting.  
312 CEC. Clean Transportation Program. https://www.energy.ca.gov/programs-and-topics/programs/clean-
transportation-program.  
313 EO B-48-18 calls for 200 hydrogen refueling stations by 2025. https://www.library.ca.gov/wp-
content/uploads/GovernmentPublications/executive-order-proclamation/39-B-48-18.pdf.  
314 CARB. FARMER program. https://ww2.arb.ca.gov/our-work/programs/farmer-program. 
315 CARB. Carl Moyer program. https://ww2.arb.ca.gov/our-work/programs/carl-moyer-memorial-air-
quality-standards-attainment-program. 
316 California Clean Fuel Reward Program. https://cleanfuelreward.com/. 
317 CARB. Community Air Protection Program. https://ww2.arb.ca.gov/capp. 
318 CARB. Low Carbon Transportation Investments and Air Quality Improvement Program. 
https://ww2.arb.ca.gov/our-work/programs/low-carbon-transportation-investments-and-air-quality-
improvement-program. 
319 Clean Off-Road Equipment (CORE) Voucher Incentive Program. https://californiacore.org/. 
320 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1C. finalejacrecs.pdf 
(arb.ca.gov). 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/resources/documents/lcfs-zev-infrastructure-crediting
https://ww2.arb.ca.gov/resources/documents/lcfs-zev-infrastructure-crediting
https://www.energy.ca.gov/programs-and-topics/programs/clean-transportation-program
https://www.energy.ca.gov/programs-and-topics/programs/clean-transportation-program
https://www.library.ca.gov/wp-content/uploads/GovernmentPublications/executive-order-proclamation/39-B-48-18.pdf
https://www.library.ca.gov/wp-content/uploads/GovernmentPublications/executive-order-proclamation/39-B-48-18.pdf
https://ww2.arb.ca.gov/our-work/programs/farmer-program
https://ww2.arb.ca.gov/our-work/programs/carl-moyer-memorial-air-quality-standards-attainment-program
https://ww2.arb.ca.gov/our-work/programs/carl-moyer-memorial-air-quality-standards-attainment-program
https://cleanfuelreward.com/
https://ww2.arb.ca.gov/capp
https://ww2.arb.ca.gov/our-work/programs/low-carbon-transportation-investments-and-air-quality-improvement-program
https://ww2.arb.ca.gov/our-work/programs/low-carbon-transportation-investments-and-air-quality-improvement-program
https://californiacore.org/
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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• Evaluate and align with this Scoping Plan relevant CARB policies such as 
Advanced Clean Cars II,321 Innovative Clean Transit,322 Zero Emission Airport 
Shuttle,323 California Phase 2 GHG Standards,324 Advanced Clean Trucks, 
Advanced Clean Fleets, Zero Emission Forklifts,325 In-use Locomotives,326 the Off-
Road Zero-Emission Targeted Manufacturer rule, Clean Off-Road Fleet 
Recognition Program, In-use Off-Road Diesel-Fueled Fleets Regulation,327 
Commercial Harbor Craft,328 Off-Road Zero-Emission Targeted Manufacturer rule, 
Clean Off-Road Fleet Recognition Program, Amendments to the In-use Off-Road 
Diesel-Fueled Fleets Regulation,329 carbon pricing through the Cap-and-Trade 
Program,330 and the Low Carbon Fuel Standard.331 

• Identify and address permitting and market barriers to successful rapid ZEV 
technology deployment while protecting public health and the environment. 

Fuels 
Transitioning away from conventional ICE vehicles is part of the solution, but we must 
ensure that an adequate supply of zero-carbon alternative fuel and distribution is available 
to power these vehicles. Electricity and hydrogen are currently the primary fuels for ZEVs, 

 

 
321 CARB. Advanced Clean Cars Program. https://ww2.arb.ca.gov/our-work/programs/advanced-clean-
cars-program. Cal. Code Regs., tit. 13, §§ 1900, 1961.2, 1961.3, 1961.4, 1962.2, 1962.3, 1962.4, 1962.5, 
1962.6, 1962.7, 1962.8, 1965, 1968.2, 1969, 1976, 1978, 2037, 2038, 2112, 2139, 2140, 2147, 2317, 
2903. 
322 CARB. Innovative Clean Transit. https://ww2.arb.ca.gov/our-work/programs/innovative-clean-transit. 
Cal. Code Regs., tit. 13, §§ 2023—2023.11. 
323 CARB. Zero-Emission Airport Shuttle. https://ww2.arb.ca.gov/our-work/programs/zero-emission-
airport-shuttle. Cal. Code Regs., tit. 17, §§ 95690.1—95690.8. 
324 CARB. California Phase 2 Greenhouse Gas Standards. https://ww2.arb.ca.gov/our-
work/programs/greenhouse-gas-standards-medium-and-heavy-duty-engines-and-vehicles/phase2. Cal. 
Code Regs., tit. 13, §§ 1956.8 and 2036; and Cal. Code Regs., tit. 17, §§ 95301, 95302, 95303, and 
95663. 
325 CARB. Zero-Emission Forklifts. https://ww2.arb.ca.gov/our-work/programs/zero-emission-forklifts. Cal. 
Code Regs., tit. 17, §§ 95690.1—95690.8. 
326 CARB. Reducing Rail Emissions. https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-
california. Proposed Cal. Code Regs., tit. 13, §§ 2478—2478.16. 
327 CARB. In-use Off-Road Diesel-Fueled Fleets Regulation. https://ww2.arb.ca.gov/our-
work/programs/use-road-diesel-fueled-fleets-regulation. Cal. Code Regs., tit. 13, §§ 2449, 2449.1, 
2449.2. 
328 CARB. Commercial Harbor Craft. https://ww2.arb.ca.gov/our-work/programs/commercial-harbor-craft. 
Cal. Code Regs., tit. 13, § 2299.5. 
329 CARB. In-use Off-Road Diesel-Fueled Fleets Regulation. https://ww2.arb.ca.gov/our-
work/programs/use-road-diesel-fueled-fleets-regulation.  
330 CARB. Cap-and-Trade Program. https://ww2.arb.ca.gov/our-work/programs/cap-and-trade-program. 
Cal. Code Regs., tit. 17, §§ 95801 et seq. 
331 CARB. Low Carbon Fuel Standard. https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-
standard. Cal. Code Regs., tit. 17, §§ 95480 et seq. 

https://ww2.arb.ca.gov/our-work/programs/advanced-clean-cars-program
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-cars-program
https://ww2.arb.ca.gov/our-work/programs/innovative-clean-transit
https://ww2.arb.ca.gov/our-work/programs/zero-emission-airport-shuttle
https://ww2.arb.ca.gov/our-work/programs/zero-emission-airport-shuttle
https://ww2.arb.ca.gov/our-work/programs/greenhouse-gas-standards-medium-and-heavy-duty-engines-and-vehicles/phase2
https://ww2.arb.ca.gov/our-work/programs/greenhouse-gas-standards-medium-and-heavy-duty-engines-and-vehicles/phase2
https://ww2.arb.ca.gov/our-work/programs/zero-emission-forklifts
https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-california
https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-california
https://ww2.arb.ca.gov/our-work/programs/use-road-diesel-fueled-fleets-regulation
https://ww2.arb.ca.gov/our-work/programs/use-road-diesel-fueled-fleets-regulation
https://ww2.arb.ca.gov/our-work/programs/commercial-harbor-craft
https://ww2.arb.ca.gov/our-work/programs/use-road-diesel-fueled-fleets-regulation
https://ww2.arb.ca.gov/our-work/programs/use-road-diesel-fueled-fleets-regulation
https://ww2.arb.ca.gov/our-work/programs/cap-and-trade-program
https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-standard
https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-standard
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and both fuels must be produced using low-carbon technology and feedstocks to 
minimize upstream emissions. 

The transition to complete ZEV technology will not happen overnight. Conventional ICE 
vehicles from legacy fleets will remain on the road for some time, even after all new 
vehicle sales have transitioned to ZEV technology. In addition, some equipment types are 
only now in the initial stages of development of ZEV technology for propulsion, such as 
commercial aircraft or ocean-going vessels. In addition to building the production and 
distribution infrastructure for zero-carbon fuels, the state must continue to support low-
carbon liquid fuels during this period of transition and for much harder sectors for ZEV 
technology such as aviation, locomotives, and marine applications. Biomethane currently 
displaces fossil fuels in transportation and will largely be needed for hard-to-decarbonize 
sectors but will likely continue to play a targeted role in some fleets while the 
transportation sector transitions to ZEVs. Figure 4-2 provides the detail on fuels used in 
2020 and the fuel mix under the Scoping Plan Scenario for 2035 and 2045.  

Figure 4-2: Transportation fuel mix in 2022, 2030, and 2045 in the Scoping Plan 
Scenario332 

 

Private investment in alternative fuels will play a key role in diversifying the transportation 
fuel supply away from fossil fuels. The Low Carbon Fuel Standard is the primary 
mechanism for transforming California’s transportation fuel pool with low-carbon 

 

 

332 See https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx for 
transportation fuels by year. 
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alternatives and has fostered a growing alternative fuel market. Partially as a result of the 
powerful market signals from the LCFS, fuels like renewable diesel, sustainable aviation 
fuel, biomethane, and electricity have all gained significant market shares and continue 
to displace gasoline and diesel in both on- and off-road vehicles. In addition, Executive 
Order N-79-20 calls on state agencies to support the transition of existing fuel production 
facilities away from fossil fuels and directs that this transition also protect and support 
workers, public health, safety, and the environment. In line with this direction, existing 
refineries could be repurposed to produce sustainable aviation fuel, renewable diesel, 
and hydrogen. This trend has already begun, and continuing to develop fuel production 
capacity in-state to support the energy transition while making the most efficient use of 
existing assets is critical to avoiding emissions leakage. If fuel demand persists after fuel 
production facilities have ceased operations, fuel demand will have to be met through 
imports.  

As we transition or build new energy production facilities and infrastructure, it will be 
important to ensure low-income communities, tribes, and communities of color do not 
experience increases in existing air pollution disparities and continue to experience a 
reduction in the air pollution disparities that exist today. California must use the best 
available science to ensure that raw materials used to produce transportation fuels do not 
incentivize feedstocks with little to no GHG reductions from a life cycle perspective. A 
dramatic increase in alternative fuel production must not come at the expense of global 
deforestation, unsustainable land conversion, or adverse food supply impacts, to name a 
few examples. CARB will continue to monitor scientific findings on these topics to ensure 
that California policies, such as the LCFS, send the appropriate market signals and do 
not result in unintended consequences.333 

Strategies for Achieving Success 

• Accelerate the reduction and replacement of fossil fuel production and 
consumption in California.334 

• Incentivize private investment in new zero-carbon fuel production in California. 
• Incentivize the transition of existing fuel production and distribution assets to 

support deployment of low- and zero-carbon fuels while protecting public health 
and the environment. 

• Invest in the infrastructure to support reliable refueling for transportation such as 
electricity and hydrogen refueling. 

 

 
333 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1E. finalejacrecs.pdf 
(arb.ca.gov). 
334 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F3. finalejacrecs.pdf 
(arb.ca.gov). 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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• Evaluate and propose, as needed, changes to strengthen the Cap-and-Trade 
Program. 

• Initiate a public process focused on options to increase the stringency and scope 
of the LCFS: 

o Evaluate and propose accelerated carbon intensity targets pre-2030 for 
LCFS. 

o Evaluate and propose further declines in LCFS post-2030 carbon intensity 
targets to align with this 2022 Scoping Plan. 

o Consider integrating opt-in sectors into the program. 
o Provide capacity credits for hydrogen and electricity for heavy-duty fueling. 

• Monitor for and ensure that raw materials used to produce low-carbon fuels or 
technologies do not result in unintended consequences.335 
 

Vehicle Miles Traveled 
Transforming the transportation sector goes beyond phasing out combustion technology 
and producing cleaner fuels. Managing total demand for transportation energy by 
reducing the miles people need to drive on a daily basis is also critical as the state aims 
for a sustainable transportation sector in a carbon neutral economy. Though GHG 
emissions are declining due to cleaner vehicles and fuels, rising VMT can offset the 
effective benefits of adopted regulations.  

Even under full implementation of Executive Order N-79-20 and CARB’s Advanced Clean 
Cars II Regulations, with 100 percent ZEV sales in the light-duty vehicle sector by 2035, 
a significant portion of passenger vehicles will still rely on ICE technology, as 
demonstrated in Figure 4-2 above. Accordingly, VMT reductions will play an 
indispensable role in reducing overall transportation energy demand and achieving the 
state’s climate, air quality, and equity goals. After a significant pandemic-induced 
reduction in VMT during 2020, passenger VMT has steadily climbed back up and is now 
closing in on pre-pandemic levels.336 Driving alone with no passengers remains the 
primary mode of travel in California, amounting to 75 percent of the mode share for daily 
commute trips. Conversely, the transit industry, which was significantly impacted during 

 

 
335 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1E. finalejacrecs.pdf 
(arb.ca.gov). 
336 U.S. Department of Transportation. 2021. December 2021 Traffic Volume Trends. Figure 3 - 
Seasonally Adjusted Vehicle Miles Traveled by Month. 
https://www.fhwa.dot.gov/policyinformation/travel_monitoring/21dectvt/figure3.cfm. 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://www.fhwa.dot.gov/policyinformation/travel_monitoring/21dectvt/figure3.cfm
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the lockdown months, and has struggled to recover; ridership only averages two-thirds of 
pre-pandemic levels,337 338 and service levels also lag behind. 

Sustained VMT reductions have been difficult to achieve for much of the past decade, in 
large part due to entrenched transportation, land use, and housing policies and practices. 
Specifically, historic decision-making favoring single-occupancy vehicle travel has 
shaped development patterns and transportation policy, generating further growth in 
driving (and making transit, biking and walking less viable alternatives). These policies 
have also reinforced long-standing racial and economic injustices that leave people with 
little choice but to spend significant time and money commuting long distances, placing a 
disproportionate burden on low-income Californians, who pay the highest proportion of 
their wages on housing and transportation. While CARB has included VMT reduction 
targets and strategies in the Scoping Plan and appendices, these targets are not 
regulatory requirements, but would inform future planning processes. CARB is not setting 
regulatory limits on VMT in the 2022 Scoping Plan; the authority to reduce VMT largely 
lies with state, regional, and local transportation, land use, and housing agencies, along 
with the Legislature and its budgeting choices. 

Appendix E (Sustainable and Equitable Communities) elaborates on reasons for reducing 
VMT and identifies a series of policies that, if implemented by various responsible 
authorities, could help to achieve the recommended VMT reduction trajectory included in 
this Scoping Plan (and related mode share increases for transit and active transportation). 
These policies aim to advance four strategic objectives: 

1. Align current and future funding for transportation infrastructure with the state’s 
climate goals, preventing new state-funded projects from inducing significant 
VMT growth and supporting an ambitious expansion of transit service and other 
multimodal alternatives.  

2. Move funding for transportation beyond the gasoline and diesel taxes and 
implement fuel-agnostic pricing strategies that accomplish more productive 
uses of the roadway network and generate revenues to further improve transit 
and other multimodal alternatives.  

3. Deploy autonomous vehicles, ride-hailing services, and other new mobility 
options toward high passenger-occupancy and low VMT-impact service 
models that complement transit and ensure equitable access for priority 
populations.  

4. Encourage future housing production and multi-use development in infill 
locations and other areas in ways that make future trip origins and destinations 

 

 
337 U.S. Government Accountability Office. January 25, 2022. During COVID-19, Road Fatalities 
Increased and Transit Ridership Dipped. https://www.gao.gov/blog/during-covid-19-road-fatalities-
increased-and-transit-ridership-dipped.  
338 American Public Transportation Association. APTA - Ridership Trends. https://transitapp.com/APTA. 

https://www.gao.gov/blog/during-covid-19-road-fatalities-increased-and-transit-ridership-dipped
https://www.gao.gov/blog/during-covid-19-road-fatalities-increased-and-transit-ridership-dipped
https://transitapp.com/APTA
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closer together and create more viable environments for transit, walking, and 
biking. 

  
The pace of change to reduce VMT must be accelerated. Certainly, structural reform will 
be challenging, but California has demonstrated time and again that it possesses the 
collective leadership and commitment to break away from ideas that no longer represent 
Californians’ values and their aspirations for the many generations to come. 

Strategies for Achieving Success 

• Achieve a per capita VMT reduction of at least 25 percent below 2019 levels by 
2030 and 30 percent below 2019 levels by 2045. 339 

• Reimagine new roadway projects that decrease VMT in a way that meets 
community needs and reduces the need to drive.  

• Invest in making public transit a viable alternative to driving by increasing 
affordability, reliability, coverage, service frequency, and consumer experience.340 

• Implement equitable roadway pricing strategies based on local context and need, 
reallocating revenues to improve transit, bicycling, and other sustainable 
transportation choices.341 

• Expand and complete planned networks of high-quality active transportation 
infrastructure.342 

• Channel the deployment of autonomous vehicles, ride-hailing services, and other 
new mobility options toward high passenger-occupancy and low VMT-impact 
service models that complement transit and ensure equitable access for priority 
populations. 

• Streamline access to public transportation through programs such as the California 
Integrated Travel Project.  

• Ensure alignment of land use, housing, transportation, and conservation planning 
in adopted regional plans, such as regional transportation plans (RTP)/ sustainable 
communities strategies (SCS), regional housing needs assessments (RHNA), and 
local plans (e.g., general plans, zoning, and local transportation plans), and 
develop tools to support implementation of these plans. 

 

 
339 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1D. finalejacrecs.pdf 
(arb.ca.gov). 
340 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1D. finalejacrecs.pdf 
(arb.ca.gov). 
341 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1D. finalejacrecs.pdf 
(arb.ca.gov). 
342 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1F. finalejacrecs.pdf 
(arb.ca.gov). 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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• Accelerate infill development and housing production at all affordability levels in 
transportation-efficient places, with a focus on housing for lower-income residents. 

Clean Electricity Grid 

Much of the state’s success to date in reducing GHGs is due to decarbonization of the 
electricity sector as a result of the RPS, SB 100 implementation, and the Cap-and-Trade 
Program. Moving forward, a clean, affordable, and reliable electricity grid will serve as a 
backbone to support deep decarbonization across California’s economy. Under this 
Scoping Plan, the role of electricity in powering the economy will grow in almost every 
sector.  

In 2021, 70 percent of California electricity demand was served by in-state power plants 
totaling about 82 GW, with the rest coming from out-of-state imports.343 Additionally, 
approximately 8 GW of customer solar photovoltaic capacity has been installed to date to 
help with in-state demand.344 Figure 4-3 shows the breakdown of in-state and imported 
sources of electricity.  

 

 
343 CEC. 2021. Electric Generation Capacity and Energy. Data available at: 
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/electric-generation-
capacity-and-energy and CEC. 2021. Total System Electric Generation. Data available at: 
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2021-total-system-
electric-generation. Capacity values are nameplate capacity from sources 1 MW and larger. 
344 CEC. 2021. SB 100 Joint Agency Report Summary: Achieving 100% Clean Electricity in California, An 
Initial Assessment. 10. https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-
achieving-100-percent-clean-electricity. 

https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/electric-generation-capacity-and-energy
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/electric-generation-capacity-and-energy
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2021-total-system-electric-generation
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2021-total-system-electric-generation
https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100-percent-clean-electricity
https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100-percent-clean-electricity
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Figure 4-3: 2021 total system electric generation (based on GWh)345 

 
In 2021, about 48 percent of electricity generation serving California came from non-
renewable and unspecified346 resources, while 52 percent came from renewable and 
zero-carbon resources. The state’s Strategic Reliability Reserve, established in AB 205 
to provide additional reliability insurance during extreme events, may make three of the 
fossil gas-fired OTC plants planned for retirement available to support the grid on a limited 
basis after 2023. The state also adopted legislation to facilitate extension of the Diablo 
Canyon Nuclear Power Plant for five years beyond its 2025 planned closure.347 At the 

 

 
345 Total system generation is the sum of all utility-scale, in-state generation, plus net electricity imports. 
CEC. 2021 Total System Electricity Generation. https://www.energy.ca.gov/data-reports/energy-
almanac/california-electricity-data/2021-total-system-electric-generation.  
346 Unspecified power refers to electricity that is not traceable to a specific generating facility, such as 
electricity traded through open market transactions. It typically consists of a mix of resources and may 
include renewables. 
347 In accordance with SB 846 (Dodd, Chapter 239, Statutes of 2022). 
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same time, the state continues to rapidly expand deployment of clean energy generation 
and storage resources and plan for increased electrification.348 This is critical to reducing 
GHG emissions and addressing the long-term impacts of climate change. 

Climate change is causing unprecedented stress on California’s energy system—driving 
high demand and constraining supply. Heat, drought, and wildfires can both reduce 
electricity supply from reductions in hydropower generation and impacts on generation 
and transmission performance, and increase demand, especially in the evening hours 
when solar generation is declining.  

California has experienced three straight years of energy reliability challenges, including 
a multi-day extreme heat event across the western United States with temperatures up 
to 20 degrees above normal in California, resulting in rotating outages in August 2020. In 
2021, heat waves in June prompted a Grid Warning and the onset of emergency 
conditions, and the Bootleg Fire caused the loss of one transmission line, reducing import 
capability by 3,000 megawatts into the California Independent System Operator (CAISO) 
balancing authority area. And from August 31–September 9, 2022, a 10-day extreme heat 
event resulted in an unprecedented, sustained period of high peak loads in the CAISO 
system, averaging 47,000 MW and maxing at an all-time record of over 52,000 MW on 
September 6. The Western region also hit its record peak load on September 6, at 167.5 
GW. 

Reliable electricity service was maintained throughout the 10-day September 2022 heat 
wave in spite of the record breaking load levels. Factors that contributed to this outcome 
include the installation of over 3,500 MW of lithium-ion battery storage since summer 
2020, enhanced coordination and communication within and outside of California, 
engagement with customer groups and other stakeholders, state actions to reduce load 
during critical times, and the additional capacity provided through the Strategic Reliability 
Reserve and other new state programs authorized in the 2022 Budget to provide load 
reduction and support the grid in extreme events. CEC, CPUC, CAISO, and the California 
Department of Water Resources will continue to build out strategies to enhance reliability 
in light of the increasing and compounding impacts of climate change on the electricity 
system. 

 

 
348 In June 2021, the CPUC adopted D.21-06-035 directing procurement of 11,500 MW of new capacity 
between 2023 and 2026 to ensure systemwide electric reliability as Diablo Canyon and several OTC 
facilities retire. It requires that, out of the 11,500 MW, 2,500 MW must be from zero-emission resources. 
Additionally, 2,000 MW must be long lead-time resources, with at least 1,000 MW of long-duration 
storage and 1,000 MW of firm capacity with zero on-site emissions or that qualifies under the RPS 
eligibility requirements.  
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While the electricity sector is using less fossil fuel due to increasing amounts of 
renewables,349 existing fossil gas generation will continue to play a critical role in grid 
reliability until other clean, dispatchable alternatives can be deployed at scale. The 
integration of greater amounts of variable renewable generation resources350 is changing 
power system planning and operations, and system operators need resources with 
flexible attributes to balance shifting supply and demand.  

High levels of solar generation can lead to instances of oversupply during the middle of 
the day, when the sun is brightest.351 In the evening hours, as the sun is setting, solar 
generation declines to zero and customers with solar generation shift back to the electric 
grid. In hot weather, customer demand remains high well into the summer evening period 
to power air conditioning, which can lead to reliability challenges.352  

Figure 4-4 shows the energy sources used throughout one summer day in July. 
Renewable energy is consistent during the middle of the day, but it cannot meet all of the 
evening demand in the gray area. As illustrated in the figure, fossil gas generation is 
currently a resource that is typically ramped up to meet this evening demand as solar 
production begins to drop and electrical loads increase To help address this challenge, 
resource installations that pair solar with batteries, as well as a greater amount of battery 
build-out, are coming online currently and over the next five years. Nevertheless, the 
state’s electricity grid is expected to be stressed further in the coming years by heat 
waves, drought, wildfires, and the growing intermittent power supply from renewables. 
California must accelerate deployment of diverse clean energy resources to maintain 
reliability and affordability in the face of climate change. 

 

 
349 CARB. 2022. California Greenhouse Gas Emissions for 2000 to 2020. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf. 
350 A variable renewable generation resource is a renewable source of electricity that is non-dispatchable 
due to its fluctuating nature and only produces electricity when weather conditions are right, such as 
when the sun is shining or the wind is blowing. Renewable resources that can be controlled and are 
dispatchable include geothermal, biomass, and dam-based hydroelectric power. 
351 Brightness is used colloquially here; solar energy depends on insolation (e.g., sun-hours), which is the 
measurement of cumulative solar energy that reaches an area over a period of time.  
352 CAISO, CPUC, and CEC. 2021. Final Root Cause Analysis: Mid-August 2020 Extreme Heat Wave. 
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf.  

https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
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Figure 4-4: Electricity supply trend by resource for a California summer day,  
July 2022 

 

Sector Transition 
Decarbonizing the electricity sector is a crucial pillar of this Scoping Plan. It depends on 
both using energy more efficiently and replacing fossil-fueled generation with renewable 
and zero carbon resources, including solar, wind, energy storage,353 geothermal, 
biomass, and hydroelectric power. The RPS Program354 and the Cap-and-Trade Program 
continue to incentivize dispatch of renewables over fossil generation to serve state 
demand. SB 100 increased RPS stringency to require 60 percent renewables by 2030 
and for California to provide 100 percent of its retail sales355 of electricity from renewable 
and zero-carbon resources by 2045. Furthermore, SB 1020 has added interim targets to 

 

 
353 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF1, NF2. finalejacrecs.pdf 
(arb.ca.gov). 
354 The CEC estimates that 36 percent of California’s 2019 retail electricity sales was served by RPS-
eligible renewable resources (see CPUC. 2021. CPUC Perspectives on Electric Sector 
Decarbonization. https://ww2.arb.ca.gov/sites/default/files/2021-11/CPUC-sp22-electricity-ws-11-02-
21.pdf). 
355 SB 100 speaks only to retail sales and state agency procurement of electricity. The 2021 SB 100 Joint 
Agency Report interprets this to mean that other loads—wholesale or non-retail sales and losses from 
storage and transmission and distribution lines—are not subject to the law. 
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SB 100’s policy framework to require renewable and zero-carbon resources to supply 
90 percent of all retail electricity sales by 2035 and 95 percent of all electricity retail sales 
by 2040; the governor has asked the CEC to establish a planning goal of at least 20 GW 
of offshore wind by 2045; and the governor directed that state agencies plan for an energy 
transition that avoids the need for new fossil gas capacity to meet California’s long-term 
energy goals.356 In addition to grid-level resources, state efforts have supported rapid 
growth of the distributed solar industry through key actions like the California Solar 
Initiative (SB 1, Murray, Chapter 132, Statues of 2006).357 Steps to commercialize 
microgrids powered by clean resources358 are also being examined as part of SB 1339 
(Stern, Chapter 566, Statutes of 2018).359 

California also continues to advance its appliance and building energy efficiency 
standards to reduce growth in electricity consumption and meet the SB 350 goal to double 
statewide energy efficiency savings in electricity and fossil gas end uses360 by 2030. In 
2018, the CEC adopted a building energy efficiency code requiring most new homes to 
have solar photovoltaic systems361 (or be powered by a solar array nearby) starting 
January 1, 2020. In 2019, California reached the milestone of 1 million solar rooftop 
installations.  

Increased transportation and building electrification and continued policy commitment to 
behind-the-meter solar and storage will continue to drive growth of microgrids and other 
distributed energy resources (DER).362 The CPUC’s High-DER proceeding is examining 
how to prepare the electric grid for a high DER future by determining how to integrate 

 

 
356 Newsom, Gavin. July 22, 2022. Letter from Governor Newsom to CARB Chair Liane Randolph. 
https://www.gov.ca.gov/wp-content/uploads/2022/07/07.22.2022-Governors-Letter-to-CARB.pdf. 
357 More information on the program, which closed in 2016, can be found on the CPUC website, including 
annual program assessment reports, at: https://www.cpuc.ca.gov/industries-and-topics/electrical-
energy/demand-side-management/california-solar-initiative. 
358 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, In part (NF2, NF13). 
finalejacrecs.pdf (arb.ca.gov). 
359 CPUC. Resiliency and Microgrids. https://www.cpuc.ca.gov/industries-and-topics/electrical-
energy/infrastructure/resiliency-and-microgrids. 
360 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF1, ES1. finalejacrecs.pdf 
(arb.ca.gov). 
361 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF2. finalejacrecs.pdf 
(arb.ca.gov). 
362 Distributed energy resources include rooftop solar and other distributed renewable generation 
resources, energy storage, electric vehicles, time variant and dynamic electric rates, flexible load 
management, demand response, and energy efficiency technologies.  

https://www.gov.ca.gov/wp-content/uploads/2022/07/07.22.2022-Governors-Letter-to-CARB.pdf
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/demand-side-management/california-solar-initiative
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/demand-side-management/california-solar-initiative
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/infrastructure/resiliency-and-microgrids
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/infrastructure/resiliency-and-microgrids
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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millions of DERs within the distribution grid to maximize societal and ratepayer benefits 
from DERs while ensuring grid reliability and affordable rates.363  

SB 350 also aims to connect long-term planning for electricity needs with the state’s 
climate targets. This is primarily accomplished through CARB’s establishment of 2030 
GHG emissions targets for the electricity sector in general and for each electricity 
provider, which inform the CPUC and publicly owned utilities’ integrated resource 
planning. A GHG planning target range of 30 to 53 MMTCO2e—informed by the 2017 
Scoping Plan—was originally developed and adopted by CARB in 2018. In its 2021 IRP 
planning cycle, the CPUC adopted a 38 MMT GHG target for the electricity sector in 2030, 
which drops to 35 MMT in 2032.364  

The Scoping Plan Scenario incorporates SB 350’s energy efficiency doubling goal, aligns 
with the CPUC’s IRP 2030 GHG target and latest GHG emissions benchmarks through 
2035,365 the governor’s 20 GW offshore wind and no new gas generation366 goals, and 
SB 100’s 2030 RPS and 2045 zero-carbon retail sales targets to reduce dependence on 
fossil fuels in the electricity sector by transitioning substantial energy demand to 
renewable and zero-carbon resources.367 As described in Chapter 2, CCS is applied in 
limited sectors, including on 16.7 MMT of CO2 from existing fossil gas electricity 
generation in 2045, to ensure the state achieves the 85 percent reduction in 
anthropogenic emissions required by AB 1279. Continued transition to renewable and 

 

 
363 The High-DER proceeding is one of four “anchor” proceedings in the CPUC’s DER Action Plan 2.0 and 
is within the Action Plan’s infrastructure track. Information on the High-DER proceeding is available at: 
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/infrastructure/distribution-planning. The 
Action Plan can be accessed at: https://www.cpuc.ca.gov/about-cpuc/divisions/energy-division/der-action-
plan.  
364 The February 10, 2022, Decision 22-02-004 by the CPUC adopts the 2021 Preferred System Plan, 
completing the 2019–21 IRP cycle. 
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF. The Decision 
requires load serving entities to submit plans in the next IRP cycle detailing how they will meet their 
proportionate share of a 30 MMT electric sector target, as well as a 38 MMT GHG target.  
365 June 15, 2022, Administrative Law Judge’s Ruling for 2022 integrated resource plan filings specifies 
the need for GHG targets to plan for in 2035 to continue progress toward the 2045 goal. The ruling 
proposes a straight-line projection from the GHG planning target for 2030. Corresponding to the adopted 
Preferred System Plan in D.22-02-004, 38 MMT in 2030 leads to a target of 30 MMT in 2035. 
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M485/K625/485625915.PDF. 
366 The governor’s July 22, 2022, letter specifies no new gas generation but does not place any 
constraints on existing gas resources. Therefore, for purposes of RESOLVE electricity sector modeling, 
existing gas capacity is an available resource that is able to be reduced over time based on announced 
retirements or if selected for retirement by the model. 
367 CARB. 2021. PATHWAYS Scenario Modeling: 2022 Scoping Plan Update – Attachment B: Generation 
Technologies to be included in Modeling. https://ww2.arb.ca.gov/sites/default/files/2021-
12/Revised_2022SP_ScenarioAssumptions_15Dec.pdf. 

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/infrastructure/distribution-planning
https://www.cpuc.ca.gov/about-cpuc/divisions/energy-division/der-action-plan
https://www.cpuc.ca.gov/about-cpuc/divisions/energy-division/der-action-plan
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M485/K625/485625915.PDF
https://ww2.arb.ca.gov/sites/default/files/2021-12/Revised_2022SP_ScenarioAssumptions_15Dec.pdf
https://ww2.arb.ca.gov/sites/default/files/2021-12/Revised_2022SP_ScenarioAssumptions_15Dec.pdf
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zero-carbon electricity resources will enable electricity to become a zero-carbon 
substitute for fossil fuels across the economy.  

Figure 4-5 shows the modeled resource capacity to meet the SB 100 retail sales target.368 
Energy efficiency moderates some of the need for additional electricity generation. 
However, that is quickly surpassed by growing electricity demand of 26 percent by 2030 
and 76 percent by 2045 compared to today (2022) from increased population and 
electrification of other sectors, as shown in Figure 4-6. The estimated resource build 
needed to meet this level of demand amounts to approximately 72 GW of utility solar369 
and 37 GW of battery storage by 2045. Annual build rates (over the 2022–2035 period) 
for the Scoping Plan Scenario will need to increase by about 60 percent and over 700 
percent for utility solar and battery storage, respectively, compared to historic maximum 
rates.370 To reach the 2045 target, the state will need to quadruple its current level of wind 
and solar capacity. This does not include capacity associated with hydrogen production 
nor mechanical CDR, which was modeled off-grid; assuming hydrogen production via 
electrolysis, this would roughly be equivalent to an additional 10 GW371 of solar generation 
needed in 2045, and an additional 64 GW of solar generation for direct air capture in 
2045. The scale of solar and battery build rates needed could be reduced through the 
commercialization of new zero-carbon technologies.  

 

 
368 SB 846 requires that load-serving entities exclude energy, capacity, or any attribute from the Diablo 
Canyon power plant in their resource plans. The Scoping Plan Scenario excludes energy, capacity, or 
any attribute from the Diablo Canyon power plant after the prior planned retirement date of 2025. 
369 The amount of additional customer solar included in the Scoping Plan Scenario is 29,208 MW by 2045. 
370 E3. 2022. CARB Scoping Plan: AB32 Source Emissions Final Modeling Results. PowerPoint. 
https://ww2.arb.ca.gov/sites/default/files/2022-11/SP22-MODELING-RESULTS-E3-PPT.pdf. Build rates 
are from EIA data historical builds in the 2011–2021 time frame. 
371 The estimate does not include hydrogen production assumed to be produced with bioenergy with 
carbon capture and storage (BECCS) and steam methane reforming (SMR).  

https://ww2.arb.ca.gov/sites/default/files/2022-11/SP22-MODELING-RESULTS-E3-PPT.pdf
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Figure 4-5: Projected new electricity resources needed by 2045 in the Scoping Plan 
Scenario372 

 

 

 
372 See https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx for the 
capacity build-out by resource type. 
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Figure 4-6: Electric loads in 2022, 2030 and 2045 for the Scoping Plan Scenario373 

 

This transformation will drive investments in a large fleet of generation and storage 
resources but will also require significant transmission to accommodate these new 
capacity additions. Transmission needs include high-voltage lines to access out-of-state 
resources and major in-state generation pockets. In consideration of typical 8- to 10-year 
lead times for many projects, the CAISO published its first 20-Year Transmission Outlook 
to inform transmission planning focused on meeting the needs identified through the 2021 
SB 100 Joint Agency Report process. The outlook calls for significant transmission 
development to access offshore wind and out-of-state wind and reinforce the existing 
CAISO footprint at an estimated cost of $30.5 billion.374  

Presently, fossil gas power plants provide about 75 percent of the flexible capacity for 
grid reliability as more renewable power enters the system. Moving forward, other 
resources such as storage and demand-side management are essential to maintain 
reliability with high concentrations of renewables. Hydrogen produced from renewable 
resources and renewable feedstocks can serve a dual role as a low-carbon fuel for 
existing combustion turbines or fuel cells, and as energy storage for later use. Reliability 

 

 
373 Other Transportation includes all non-light-duty vehicles and reflects electrification of modes like 
passenger and freight rail, aviation, and ocean-going vessels. 
374 CAISO. 2022. 20 Year Transmission Outlook. http://www.caiso.com/InitiativeDocuments/20-
YearTransmissionOutlook-May2022.pdf. 
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also can be supported through increased coordination and markets in the interconnected 
western power grid; this is already helping to better integrate renewables.375 

Strategies for Achieving Success 

• Use long-term planning processes (Integrated Energy Policy Report, IRP, CAISO 
Transmission Planning Process, AB 32 Climate Change Scoping Plan) to support 
grid reliability and expansion of renewable and zero-carbon resource and 
infrastructure deployment. 

• Complete systemwide and local reliability assessments across CAISO and other 
balancing authority areas, using realistic assumptions for land use, build rates, 
statewide and distribution system level constraints, and energy needs. Such 
assessments should be completed before state agencies update their electricity 
sector GHG targets. 

• Prioritize actions to mitigate impacts to electricity reliability and affordability and 
provide sufficient flexibility in the state’s decarbonization roadmap for adjustments 
as may be needed. 

• Facilitate long lead-time resource development through the IRP and the SB 100 
interagency process and through technology development and demonstration 
funding376 that includes resources such as long-duration energy storage and 
hydrogen production. 

• Continue coordination between energy agencies and energy proceedings to 
maximize opportunities for demand response. 

• Continue to explore the benefits of regional markets to enhance decarbonization, 
reliability, and affordability. 

• Address resource build-out challenges, including permitting, interconnection, and 
transmission network upgrades. 

• Explore new financing mechanisms and rate designs to address affordability.377 
• Per SB 350, double statewide energy efficiency savings in electricity and fossil gas 

end uses by 2030, through a combination of energy efficiency and fuel substitution 
actions.378 

• Per SB 100 and SB 1020, achieve 90 percent, 95 percent, and 100 percent 

 

 
375 CEC. 2021. 2021 SB 100 Joint Agency Report – Achieving 100 Percent Clean Electricity in California: 
An Initial Assessment. Publication Number: CEC-200-2021-001. 
376 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, ES2. The committee 
recommendation speaks specifically to offshore wind production. finalejacrecs.pdf (arb.ca.gov). 
377 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF30. finalejacrecs.pdf 
(arb.ca.gov). 
378 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF1, NF2. finalejacrecs.pdf 
(arb.ca.gov). 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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renewable and zero-carbon retail sales by 2035, 2040, and 2045, respectively. 
• Evaluate and propose, as needed, changes to strengthen the Cap-and-Trade 

Program. 
• Target programs and incentives to support and improve access to renewable and 

zero-carbon energy projects (e.g., rooftop solar, community owned or controlled 
solar or wind, battery storage, and microgrids) for communities most at need, 
including frontline, low-income, rural, and indigenous communities.379 

• Prioritize public investments in zero-carbon energy projects to first benefit the most 
overly burdened communities affected by pollution, climate impacts, and 
poverty.380 

 

Sustainable Manufacturing and Buildings  
Fossil gas is the primary gaseous fossil fuel used to produce heat at industrial facilities, 
as well as in residential and commercial buildings. In buildings, space and water heating, 
cooking, and clothes drying all rely on gaseous fuels today. Industrial processes that 
require heat for conventional boilers and other processes also rely on gaseous fuels. 
Refineries rely on fossil gas and other gaseous fossil fuels, like liquefied petroleum gas 
and refinery fuel gas, and fossil gas is also used to generate electricity, as discussed 
earlier. 

Gaseous fossil fuel use can be displaced by four primary alternatives: zero-carbon 
electricity, solar thermal heat, hydrogen, and biogas/biomethane. Displacing gaseous 
fossil fuel use can yield indoor air quality benefits, protect public health and property from 
unexpected fossil gas leaks, and reduce short-lived climate pollutants, which are many 
times more potent in affecting climate change than CO2. The Scoping Plan Scenario 
reduces dependence on fossil gas in the industrial and building sectors by transitioning 
substantial energy demand to alternative fuels. Reducing fossil gas combustion also will 
help toward achieving our air quality and equity goals by reducing pollution in neighboring 
areas and communities. In addition, reduced dependence on gasoline and diesel in the 
transportation sector diminishes the need for gaseous fossil fuels to support oil and gas 
production and petroleum refining operations as those are phased down relative to the 
demand. 

 

 
379 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF2, NF9, NF11, NF12, NF13. 
finalejacrecs.pdf (arb.ca.gov). 
380 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF14. finalejacrecs.pdf 
(arb.ca.gov). 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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Sector Transition 
Industry 
California’s industrial sector contributes significantly to the state’s economy, with a total 
output from manufacturing in 2019 of $324 billion (10.4 percent of the state total)381 and 
employment of 1,222,000 manufacturing jobs (7.6 percent of the total state workforce).382 
California industry includes a diverse range of facilities, including cement plants, 
refineries, glass manufacturers, oil and gas producers, paper manufacturers, mining 
operations, metal processors, and food processors. Combustion of fossil gas, other 
gaseous fossil fuels, and solid fossil fuels provide energy to meet three broad industry 
needs: electricity, steam, and process heat. Non-combustion emissions result from 
fugitive emissions and from the chemical transformations inherent to some manufacturing 
processes. About 20 percent of the GHG emissions from the industrial sector are non-
combustion emissions. 

Decarbonizing industrial facilities depends upon displacing fossil fuel use with a mix of 
electrification, solar thermal heat, biomethane, low- or zero-carbon hydrogen, and other 
low-carbon fuels to provide energy for heat and reduce combustion emissions. Emissions 
also can be reduced by implementing energy efficiency measures and using substitute 
raw materials that can reduce energy demand and some process emissions. Some 
remaining combustion emissions and some non-combustion CO2 emissions can be 
captured and sequestered. The strategy employed will depend on the industrial subsector 
and the specific processes utilized in production. The left side of Figure 4-7 illustrates the 
fuels used to meet industrial manufacturing energy demand in 2020. Industrial 
manufacturing energy demand needs to transition to the fuel mix shown for 2035 and 
2045. The right side of Figure 4-7 illustrates the fuel mix needed to meet the energy 
demand of oil and gas extraction and petroleum refining operations for the same years. 
Energy demand in this portion of the industrial sector declines along with decreased 
demand for gasoline and diesel in the transportation sector. In both figures there is a 
continuing demand for fossil gas due to lack of non-combustion technologically feasible 
or cost-effective alternatives for certain industrial sectors. Policies that support 
decarbonization strategies like electrification, use of renewable energy, and transition to 
alternative fuels are needed. 

 

 
381 National Association of Manufacturers (NAM). 2021 California Manufacturing Facts. 
https://www.nam.org/state-manufacturing-data/2021-california-manufacturing-facts/.  
382 NAM. 2021 California Manufacturing Facts. https://www.nam.org/state-manufacturing-data/2021-
california-manufacturing-facts/.  

https://www.nam.org/state-manufacturing-data/2021-california-manufacturing-facts/
https://www.nam.org/state-manufacturing-data/2021-california-manufacturing-facts/
https://www.nam.org/state-manufacturing-data/2021-california-manufacturing-facts/
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Figure 4-7: Final energy demand in industrial manufacturing (left) and in oil and 
gas extraction and petroleum refining (right) in 2022, 2030, and 2045 in the Scoping 
Plan Scenario383 

 

Electrification and solar thermal heat are best-suited to industrial processes that have 
relatively low heat requirements, such as food processors, paper mills, and industries that 
use low-pressure steam in their processes. Approaches could include replacing fossil gas 
boilers with electric boilers, process heaters with industrial electric heat pumps, steel 
forging furnaces with induction heaters, and implementing other sector-specific process 
electrification. Under current rate structures for industrial electricity and fossil gas in 

 

 
383 Other fuel in the industrial manufacturing sector is primarily coke and coal for cement production. 
Other fuel in the petroleum refining sector is primarily fossil gas associated with refining petroleum 
products. 
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California, most projects to electrify a fossil gas-powered industrial process will face 
operating cost barriers and potential reliability concerns. Microgrids powered by 
renewable resources and with battery storage are emerging as a key enabler of 
electrification and decarbonization at industrial facilities. 

There are fewer commercially available and economically viable electrification options to 
replace industrial processes that require higher-temperature heat. For these processes, 
onsite combustion may continue to be needed, and decarbonization will require fuel 
substitution to hydrogen,384 biomethane, or other low-carbon fuels. Fuel substitution and 
continued combustion will require monitoring and mitigation of any potential air quality 
impacts, especially in low-income and communities of color which already face 
disproportionate air pollution burdens. Industries in California with high heat needs 
include steel forging, glass manufacturing, and industries with calcination processes, 
such as manufacturing lime and cement.  

Onsite emissions from cement manufacturing derive from two main sources: (1) fuel 
combustion to heat the kiln to a very high temperature and (2) process CO2 emissions 
from the chemical transformation of limestone. Over 60 percent of emissions from the 
sector are process emissions unrelated to fuel use, and most emissions related to fuel 
use are from coal and petroleum coke combustion. Process emissions from cement 
manufacturing are significant and will continue even if the sector were to operate using 
only zero-carbon fuels; thus carbon capture and use/sequestration will be a likely 
component of any strategy to fully decarbonize cement manufacturing. There are 
additional opportunities to reduce GHG emissions from cement manufacturing via the 
combination of fuel-switching to low-carbon fuels (e.g., biomethane, municipal solid 
waste, biochar), increased blending of non-clinker materials, and efficiency 
improvements. High technological and economic barriers exist to electrifying kiln process 
heat at cement plants, as clinker production requires temperatures in excess of 1,500°C. 
There are potential decarbonization opportunities throughout the value chain of cement 
use, including in cement manufacturing, concrete mixing, and construction practices.385 
SB 596 (Becker, Chapter 246, Statutes of 2021), which was signed by Governor Newsom 
in September 2021, requires CARB to develop a comprehensive strategy for cement use 
in California to achieve a GHG intensity 40 percent below 2019 levels by 2035, and net-
zero emissions by 2045. 

 

 
384 Griffiths, Steve, Benjamin K. Sovacool, Jinsoo Kim, Morgan Bazilian, and Joao M. Uratani. 2021. 
“Industrial decarbonization via hydrogen: A critical and systematic review of developments, socio-
technical systems and policy options.” Energy Research & Social Science 80. 102208, ISSN 2214-6296. 
https://doi.org/10.1016/j.erss.2021.102208. 
385 California Nevada Cement Association. Achieving Carbon Neutrality in the California Cement Industry. 
https://cncement.org/attaining-carbon-neutrality.  

https://doi.org/10.1016/j.erss.2021.102208
https://cncement.org/attaining-carbon-neutrality


210 

 

Oil and gas extraction and refining make up over half of California’s industrial GHG 
emissions. Reduced demand for transportation fossil fuels corresponds to reduced supply 
of fossil gas and other gaseous fossil fuels for refineries to produce these fuels. Some 
refining operations will continue to operate to produce fossil fuel for the remaining 
transportation energy demands, along with renewable diesel and sustainable aviation 
fuel, as discussed in the Transportation Sustainability section of this chapter. 

Across industrial subsectors and processes, California facilities also could realize 
significant reductions in GHG emissions and energy-related costs by implementing 
advanced energy efficiency projects and tools.386 While enhanced operation and 
maintenance practices are typical at industrial facilities, additional strategic energy 
management practices offer greater efficiency gains by focusing on setting goals, tracking 
progress, and reporting results. 

Strategies for Achieving Success 

• Maximize air quality benefits using the best available control technologies for 
stationary sources in communities most in need, including frontline, low-income, 
disadvantaged, rural, and tribal communities.387 

• Prioritize alternative fuel transitions first in communities most in need, including 
frontline, low-income, disadvantaged, rural, and tribal communities.388 

• Invest in research and development and pilot projects to identify options to reduce 
materials and process emissions along with energy emissions in California’s 
industrial manufacturing facilities, leveraging programs like the CEC’s Electric 
Program Investment Charge (EPIC).389 

• Evaluate and propose, as needed, changes to strengthen the Cap-and-Trade 
Program. 

• Support electrification with changes to industrial rate structures. 
• Develop infrastructure for CCS and hydrogen production to reduce GHG emissions 

where cost-effective and technologically feasible non-combustion alternatives are 
not available. 

• Implement SB 905. 

 

 
386 Therkelsen, Peter, Aimee McKane, Ridah Sabouini, and Tracy Evans. 2013. Assessing the Costs and 
Benefits of the Superior Energy Performance Program. U.S Department of Energy. 
https://www.osti.gov/servlets/purl/1165470. 
387 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, JT14. finalejacrecs.pdf 
(arb.ca.gov). 
388 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, JT15. finalejacrecs.pdf 
(arb.ca.gov). 
389 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, M20. finalejacrecs.pdf 
(arb.ca.gov). 

https://www.osti.gov/servlets/purl/1165470
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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• Establish markets for low-carbon products and recycled materials using Buy Clean 
California Act and other mechanisms relying on robust data 

• Develop a net-zero cement strategy to meet SB 596 targets for the GHG intensity 
of cement use in California. 

• Continue to leverage energy-efficiency programs, including the U.S. DOE’s 
ENERGY STAR program,390 U.S. DOE’s Superior Energy Performance 
program,391 and ISO 50001.392 

• Evaluate and continue to offer incentives to install energy efficiency and renewable 
energy technologies through programs such as CPUC decisions as part of 
rulemaking R.19-09-009393 and the CEC’s Food Production Investment Program 
(FPIP) and EPIC programs.394 

• Leverage low-carbon hydrogen programs, including the Bipartisan Infrastructure 
Law, for regional hydrogen hubs, hydrogen electrolysis, and hydrogen 
manufacturing and recycling. 

• Evaluate the role of hydrogen in meeting GHG emission reductions, including 
policy recommendations regarding the use of hydrogen in California as required 
by SB 1075. 

• Address cost barriers to promote low-carbon fuels for hard-to-electrify industrial 
applications. 

Buildings 
Buildings have cross-sector interactions that influence our public health and well-being 
and affect land use and transportation patterns, energy use, water use, and indoor and 
outdoor environments.395 There are about 14 million existing homes and over 7.5 billion 
square feet of existing commercial buildings396 in California. Fossil gas supplies about 
half of the energy consumed by end uses in these buildings. In addition to GHG 
emissions, fossil gas usage in buildings also produces CO2, NOx, PM2.5, and 

 

 
390 ENERGY STAR. ENERGY STAR Guidelines for Energy Management. 
https://www.energystar.gov/buildings/tools-and-resources/energy-star-guidelines-energy-management. 
391 Energy.gov. Superior Energy Performance 50001. https://www.energy.gov/eere/amo/superior-energy-
performance.  
392 ISO. ISO 50001 Energy Management. https://www.iso.org/iso-50001-energy-management.html. 
393 CPUC. January 14, 2021. CPUC Adopts Strategies to Help Facilitate Commercialization of Microgrids 
Statewide. https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M360/K370/360370887.PDF. 
394 Bailey, Stephanie, David Erne, and Michael Gravely. 2021. Final 2020 Integrated Energy Policy Report 
Update, Volume II: The Role of Microgrids in California’s Clean and Resilient Energy Future, Lessons 
Learned From the California Energy Commission’s Research. California Energy Commission. Publication 
Number: CEC-100-2020-001-V2-CMF. 
395 See Appendix F (Building Decarbonization). 
396 CEC. 2021. California Building Decarbonization Assessment. 
https://efiling.energy.ca.gov/GetDocument.aspx?tn=239311&DocumentContentId=72767.  

https://www.energystar.gov/buildings/tools-and-resources/energy-star-guidelines-energy-management
https://www.energy.gov/eere/amo/superior-energy-performance
https://www.energy.gov/eere/amo/superior-energy-performance
https://www.iso.org/iso-50001-energy-management.html
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M360/K370/360370887.PDF
https://efiling.energy.ca.gov/GetDocument.aspx?tn=239311&DocumentContentId=72767
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formaldehyde.397 Each year, about 120,000 new homes398 and more than 100 million-
square feet399 of commercial buildings are newly constructed across California. These 
new buildings will represent between a third to half of the total building stock by mid-
century.  

Achieving carbon neutrality must include transitioning away from fossil gas in residential 
and commercial buildings, and will rely primarily on advancing energy efficiency while 
replacing gas appliances with non-combustion alternatives. This transition must include 
the goal of trimming back the existing gas infrastructure so pockets of gas-fueled 
residential and commercial buildings do not require ongoing maintenance of the entire 
limb for gas delivery. Blending low-carbon fuels such as hydrogen and biomethane into 
the pipeline further displaces fossil gas. Pipeline safety and reliability must be evaluated 
to accommodate low-carbon fuels. Figure 4-8 illustrates the energy Californians use in 
buildings at present compared with the Scoping Plan Scenario, which introduces 
alternatives to fossil gas. In that scenario almost 90 percent of energy demand is 
electrified by 2045, and the remaining energy demand is met with combustion of 
hydrogen, biomethane, and fossil gas. 

 

 
397 Zhu, Yifang, et al. 2020. Effects of Residential Gas Appliances on Indoor and Outdoor Air Quality and 
Public Health in California. UCLA Fielding School of Public Health Department of Environmental Health 
Sciences.  
398 Construction Industry Research Board. 2018. Annual Building Permit Summary. 
http://www.cirbreport.org. 
399 Delforge, Pierre. August 11, 2021. California Forging Ahead on Zero Emission Buildings. Blog. NRDC. 
https://www.nrdc.org/experts/pierre-delforge/california-forging-ahead-zero-emission-buildings.  

http://www.cirbreport.org/
https://www.nrdc.org/experts/pierre-delforge/california-forging-ahead-zero-emission-buildings
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Figure 4-8: Final energy demand in buildings in 2022, 2030, and 2045 in the Scoping 
Plan Scenario400 

 

This transition is achieved when all new buildings constructed include non-combustion 
appliances, and appliances in existing buildings are replaced at the end of their useful life 
with non-combustion alternatives. Currently, electric alternatives, combined with the 
decarbonizing of California’s grid, are the most effective alternatives, and the Scoping 
Plan Scenario modeled these alternatives. The Scoping Plan Scenario assumes three 
million all-electric and electric-ready homes by 2030 and seven million by 2035. Figure 4-
9 illustrates the pace at which electric space heating appliance sales increase and gas 
space heating appliance sales decrease in residences in the Scoping Plan Scenario, such 
that by 2035 100 percent of residential home appliance sales are electric. By 2030 over 
six million electric heat pumps are installed statewide. The residential electric space 
heating appliance sales increases rapidly in the near term as new all-electric buildings 
are constructed and as existing buildings are renovated to utilize electric appliances. A 
similar transition is envisioned for other home appliances. Commercial buildings also will 
undergo a transition away from gas appliances to electric appliances, achieving 
80 percent sales of all-electric appliances by 2035 and 100 percent by 2045. Appendix F 
(Building Decarbonization) describes a holistic policy approach to rapidly grow the 

 

 
400 Other fuel in the buildings sector is primarily liquid petroleum gas and waste heat. 
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number of zero emission appliances and buildings, to surmount the market barriers, and 
to prioritize an equitable transition for vulnerable communities. 

Figure 4-9: Residential space heating appliance sales in the Scoping Plan Scenario 

 

Strategies for Achieving Success 

• Prioritize California’s most vulnerable residents with the majority of funds in the 
new $922 million Equitable Building Decarbonization program, created through the 
2022–2023 state budget. This would include residents in frontline, low-income, 
disadvantaged, rural, and tribal communities. This program is dedicated to a 
statewide direct-install building retrofit program for low-income households to 
replace fossil fuel appliances with electric appliances, energy-efficient lighting, and 
building insulation and sealing while also coordinating reductions in gas 
infrastructure in specific geographic areas. 

• Achieve three million all-electric and electric-ready homes by 2030 and seven 
million by 2035 with six million heat pumps installed statewide by 2030.  

• Expand incentive programs to support the holistic retrofit of existing buildings, 
especially for vulnerable communities. 

• Ensure that incentive programs prioritize energy affordability and tenant 
protections, promote affordable and low-income household retrofits that improve 
habitability and reduce expenses, protect and empower small landlords and 
homeowners, address overlooked consumer groups, and pair decarbonization 
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with other critically needed renovation efforts to ensure that buildings support 
human health and are climate- and weather-resistant.401 

• End fossil gas infrastructure expansion for newly constructed buildings.402  
• Evaluate and propose, as needed, changes to strengthen the Cap-and-Trade 

Program. 
• Strengthen California’s building standards to support zero-emission new 

construction.  
• Develop building performance standards for existing buildings. 
• Adopt a zero-emission standard for new space and water heaters sold in California 

beginning in 2030, as specified in the 2022 State Strategy for the State 
Implementation Plan. 

• Expand use of low-GWP refrigerants within buildings. 
• Support electrification with changes to utility rate structures and by promoting load 

management programs. 
• Increase funding for incentive programs and expand financing assistance 

programs focused on existing buildings and appliance replacements. 
• Expand consumer education efforts to raise awareness and stimulate the adoption 

of decarbonized buildings and appliances, especially in vulnerable communities. 
• Implement biomethane procurement targets for investor-owned utilities as 

specified in SB 1440 (Hueso, Chapter 739, Statutes of 2018) to reduce GHG 
emissions in remaining pipeline gas and reduce methane emissions from organic 
waste. 

  

 

 
401 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF23, NF24, NF25, NF26, 
NF28. finalejacrecs.pdf (arb.ca.gov). 
402 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF22. finalejacrecs.pdf 
(arb.ca.gov). 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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Carbon Dioxide Removal and Capture 

Climate Change 2022: Mitigation of Climate Change,403 a report by the IPCC released in 
early 2022, states “The deployment of CDR to counterbalance hard-to-abate residual 
emissions is unavoidable if net zero CO2 or GHG emissions are to be achieved. The scale 
and timing of deployment will depend on the trajectories of gross emission reductions in 
different sectors. Upscaling the deployment of CDR depends on developing effective 
approaches to address feasibility and sustainability constraints especially at large scales.” 
In line with that report, this Scoping Plan considers CDR as a complement to 
technologically feasible and cost-effective GHG emissions mitigation, and the size of its 
role will depend on the degree of success in reducing GHG emissions at the source 
across the economy. 404 The modeling shows that emissions from the AB 32 GHG 
Inventory sources will continue to persist even if all fossil related combustion emissions 
are phased out. These residual emissions must be compensated for to achieve carbon 
neutrality. Options for CDR include both sequestration in natural and working lands and 
mechanical approaches like direct air capture. Chapter 2 provides estimates on how 
much CO2 removal is possible by our natural and working lands and how much must be 
removed by mechanical CDR. 

CCS, which is carbon capture from anthropogenic point sources, is described in Chapter 
2 and involves capturing carbon from a smokestack of an emitting facility. Direct air 
capture, on the other hand, captures carbon directly from the atmosphere. Direct air 
capture technologies, unlike CCS, are not associated with any particular point source. 

For this section, carbon management refers to the capture, movement, and sequestration 
of CO2 through mechanical solutions for both capture at point sources and direct removal 
from the atmosphere through direct air capture.405 Enabling policies and regulations 
across each of these steps are necessary for individual projects, and on a broader scale, 
for delivering reductions in support of the state’s carbon neutrality and long-term carbon-
negative goals. Figure 4-10 provides a graphic of the typical carbon management 
infrastructure.  

 

 
403 IPCC. 2022. Climate Change 2022: Mitigation of Climate Change. https://www.ipcc.ch/report/sixth-
assessment-report-working-group-3/. 
404 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F4.7. finalejacrecs.pdf 
(arb.ca.gov). 
405 CDR through natural and working lands is discussed in Chapter 2 and later in this chapter. 

https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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Figure 4-10: Carbon management infrastructure 

Carbon dioxide removal directly from the atmosphere itself refers to a suite of carbon 
negative technologies that can be used to draw down ongoing and historical carbon 
emissions already in the atmosphere. Some CO2 removal technologies leverage the 
abilities of both natural photosynthesis and mechanical removal by using biomass wastes 
as inputs to make low- or zero-carbon energy or fuels, all while capturing and storing 
produced CO2. 

Captured CO2 from point sources or from the atmosphere is permanently stored in 
specialized geologic formations, typically half a mile or more underground. A recent 
Stanford University study estimated the state’s commercial storage potential is nearly 
70,000 million metric tons of CO2, even when excluding oil and gas reservoirs.406 
California is well-positioned because few other places on the West Coast are suitable for 

 

 
406 Stanford Center for Carbon Storage. Opportunities and Challenges for CCS in California. 
https://sccs.stanford.edu/california-projects/opportunities-and-challenges-for-CCS-in-California. 

https://sccs.stanford.edu/california-projects/opportunities-and-challenges-for-CCS-in-California
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geologic storage at scale. To inform discussion around CO2 removal, CARB held two full-
day workshops exploring the types of options for carbon capture and geologic storage 
and utilization in products.407,408,409 

The modeling results provided in Chapter 2 demonstrate the targeted need for CCS on 
large facilities such as refineries and cement. The CCS numbers do not include the 
potential additional applications for producing hydrogen with biomethane, other 
manufacturing, electricity, or other bioenergy. If CCS is not deployed, those emissions 
would be released directly into the atmosphere and instead need to be addressed through 
CDR to achieve carbon neutrality. Although a study finds California has 76 existing 
electricity and industrial facilities that are suitable candidates for CCS retrofit,410 this 
Scoping Plan proposes a targeted role for this technology such that it would only be used 
to address sectors where non-combustion options are not technologically feasible or cost-
effective at this time, to the extent needed to achieve the 85 percent reduction in 
anthropogenic emissions as called for in AB 1279. In future updates to the Scoping Plan, 
there may be additional options for technologically feasible or cost-effective technologies 
that may be deployed, which would further reduce the need for CCS and CDR except in 
situations to address historical GHG emissions. 

Recognizing the need for carbon capture and utilization sequestration and removal, the 
Legislature passed, and the governor signed, SB 905. It includes several key 
requirements in the development of the state’s Carbon Capture Removal, Utilization, and 
Storage Program. The following is a summary of the work to be completed to establish 
and administer this program. Many of these steps will address the need to evaluate the 
safety and efficacy of actions to support carbon removal, sequestration, and transfer via 
pipelines. Note that not all of these actions are under CARB’s authority. 

• Review technology to evaluate efficacy, safety, viability of CCUS/CDR 
methodologies. 

• Develop monitoring and reporting requirements and schedules. 
• Develop a unified permit application. 
• Develop financial responsibility requirements. 
• Develop a centralized public database for project status. 

 

 
407 CARB. December 11, 2019. Carbon Neutrality Meetings & Workshops. https://ww2.arb.ca.gov/our-
work/programs/carbon-neutrality/carbon-neutrality-meetings-workshops. 
408 CARB. August 2, 2021 Scoping Plan Meetings & Workshops. https://ww2.arb.ca.gov/our-
work/programs/ab-32-climate-change-scoping-plan/scoping-plan-meetings-workshops. 
409 Carbon utilization refers to the use of captured carbon to produce products such as plastics and 
concrete. 
410 Glenwright, Kara. 2020. Roadmap for carbon capture and storage in California. Precourt Institute for 
Energy. https://earth.stanford.edu/news/roadmap-carbon-capture-and-storage-california#gs.ysj78q.  

https://ww2.arb.ca.gov/our-work/programs/carbon-neutrality/carbon-neutrality-meetings-workshops
https://ww2.arb.ca.gov/our-work/programs/carbon-neutrality/carbon-neutrality-meetings-workshops
https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/scoping-plan-meetings-workshops
https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/scoping-plan-meetings-workshops
https://earth.stanford.edu/news/roadmap-carbon-capture-and-storage-california#gs.ysj78q
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• Consult with CNRA on pore space requirements as CNRA develops a framework 
for pore space governing agreements. 

• Establish a Geologic Carbon Sequestration Group to identify suitable injection well 
locations, subsurface monitoring, and potential hazards that may require 
suspension of injection. 

 

SB 905 also has requirements for project developers such as to develop monitoring plans 
and to avoid any adverse health and environmental impacts at the carbon capture 
location—or mitigation of unavoidable impacts as required under existing requirements. 
For the site of injection, there are requirements for site stability, monitoring, and reporting 
plans. SB 905 also bans CCS with enhanced oil recovery in California and prohibits the 
transfer of CO2 via pipeline until the U.S. Department of Transportation’s Pipelines and 
Hazardous Materials Safety Administration (PHMSA) completes its current rulemaking to 
update existing CO2 pipeline safety requirements.  

An often-cited example of pipeline concerns involves a CO2 pipeline in Mississippi. On 
February 22, 2020, a CO2 pipeline operated by Denbury Gulf Coast Pipelines LLC 
(Denbury) ruptured in proximity to the community of Satartia, Mississippi. The rupture 
followed heavy rains that resulted in a landslide, creating excessive axial strain on a 
pipeline weld (DOT 2022). The combination of weather and topography resulted in a 
slower dissipation of the gas. The pipeline was also carrying hydrogen sulfide, a 
flammable and toxic gas. The pipeline failed on a steep embankment, which had recently 
subsided. Heavy rains are believed to have led to a landslide, which created axial strain 
on the pipeline and resulted in a full circumferential girth weld failure. The PHMSA 
investigation also revealed several contributing factors to the accident, including but not 
limited to: Denbury not addressing the risks of geohazards in its plans and procedures, 
underestimating the potential affected areas that could be impacted by a release in its 
CO2 dispersion model, and not notifying local responders to advise them of a potential 
failure.  

As the Satartia example highlights, appropriate pipeline safety and environmental 
standards in California are critical to minimize any risks from CO2 transport in the future. 
As such, SB 905 also tasks CNRA, in consultation with the Public Utilities Commission, 
to, no later than February 1, 2023, provide a proposal to the Legislature to establish a 
state framework and standards for the design, operation, siting, and maintenance of 
intrastate pipelines carrying CO2 fluids of varying composition and phase to minimize the 
risk posed to public and environmental health and safety. The recommended framework 
shall be designed to minimize risk to public health and environmental health and safety, 
to the extent feasible. Because SB 905 prohibits the transfer of CO2 via pipeline until the 
PHMSA completes its current rulemaking to update existing CO2 pipeline safety 
requirements, CCS or CDR projects that would require a pipeline to transfer CO2 are not 
feasible at this time within California. 
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Ultimately, and in accordance with SB 905, the merits of each CCS or CDR project must 
be evaluated on a case-by-case basis.411 Deployment of CCS and CDR could support 
skilled jobs and workforces, including those in traditional fossil energy communities. Other 
co-benefits could include criteria air pollutant reductions and water production. It will be 
important to design projects that do not exacerbate community health impacts, include 
early and ongoing community engagement, and are in compliance with local, state, and 
federal public health and environmental protection laws. It also should be noted that, as 
these types of projects are an emerging area of governance, additional coordination and 
discussion will be needed among the various levels of authorities involved. SB 905 has 
already initiated this process by assigning specific agencies with tasks related to their 
expertise and authority. 

Chapter 2 includes a more detailed discussion about the proposed role of CO2 removal 
in this Scoping Plan. 

Sector Transition 
State,412 national,413,414 and global decarbonization analyses415 indicate a significant role 
for carbon management infrastructure, yet relatively few projects are operational. Around 
the world, about two dozen large CCS projects are capturing tens of millions of metric 
tons of CO2 each year, with about a dozen operating in the United States.416 The vast 
majority of capacity is at industrial facilities, such as ethanol and fertilizer plants, that 
would otherwise vent nearly pure CO2 into the atmosphere as a by-product of normal, 
non-combustion processes. Future research, development, and demonstration projects 
must refine and commercialize capture systems for more complex applications, especially 

 

 
411 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F4.5. finalejacrecs.pdf 
(arb.ca.gov). 
412 E3. October 2020. Achieving Carbon Neutrality in California Report: Final Presentation. 
https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_presentation_oct2020_2.pdf. 
413 World Resources Institute. January 31, 2020. CarbonShot: Federal Policy Options for Carbon Removal 
in the United States. Working paper. https://www.wri.org/research/carbonshot-federal-policy-options-
carbon-removal-united-states. 
414 C2ES. No date. Getting to Zero: A U.S. Climate Agenda — Center for Climate and Energy Solutions. 
https://www.c2es.org/getting-to-zero-a-u-s-climate-agenda-report/. 
415 IPCC. Mitigation Pathways Compatible with 1.5°C in the Context of Sustainable Development. Chapter 
2. https://www.ipcc.ch/sr15/chapter/chapter-2/. All analyzed pathways limiting warming to 1.5°C with no or 
limited overshoot use CDR to some extent to neutralize emissions from sources for which no mitigation 
measures have been identified and, in most cases, also to achieve net negative emissions to return 
global warming to 1.5°C following a peak (high confidence). The longer the delay in reducing CO2 
emissions toward zero, the larger the likelihood of exceeding 1.5°C, and the heavier the implied reliance 
on net negative emissions after mid-century to return warming to 1.5°C (high confidence). 
416 Congressional Research Service. 2021. Carbon Capture and Sequestration (CCS) in the United 
States. R44902. 
https://crsreports.congress.gov/product/pdf/R/R44902?msclkid=e45e0012c25911ec8085ca575cb61e82. 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_presentation_oct2020_2.pdf
https://www.wri.org/research/carbonshot-federal-policy-options-carbon-removal-united-states
https://www.wri.org/research/carbonshot-federal-policy-options-carbon-removal-united-states
https://www.c2es.org/getting-to-zero-a-u-s-climate-agenda-report/
https://www.ipcc.ch/sr15/chapter/chapter-2/
https://crsreports.congress.gov/product/pdf/R/R44902?msclkid=e45e0012c25911ec8085ca575cb61e82
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for those with limited decarbonization options. It has only been in the last few years that 
attention has seriously turned to mechanical CDR. As new information and modeling on 
climate change have been made available, the science has become clearer that avoiding 
the most catastrophic impacts of climate change requires both reducing emissions and 
deploying mechanical CDR. 

California is paving a path forward on a science-based carbon management infrastructure 
policy that can serve as an example for other jurisdictions. The LCFS, which reduces the 
carbon intensity of transportation fuels, includes a protocol for select carbon management 
projects to become certified and generate LCFS credits.417 CCS is not a new concept or 
technology. Twenty years of CCS testing show it is a safe and reliable tool.418 As 
mentioned in Chapter 2, while no new CCS projects have been implemented or generated 
any credits under the CARB CCS protocol, CCS projects have been implemented 
elsewhere since the 1970s. Moreover, there has been a U.S. Department of Energy CCS 
research program underway for more than two decades. These all form a foundation of 
information for future efforts. Certified projects must successfully demonstrate adherence 
to rigorous pre-construction, operational, and site closure standards designed to 
strengthen environmental performance, as described in CARB’s CCS Protocol. The 
protocol is designed to layer on top of existing federal carbon sequestration regulations 
designed to protect the environment. The protocol would need to be reevaluated if CCS 
were to be more broadly applied across sectors beyond transportation fuel production.  

Direct air capture and carbon mineralization have high potential capacity for removing 
carbon, but direct air capture is currently limited by high cost. Carbon mineralization may 
also have high potential for removing carbon from the atmosphere, but understanding of 
the technology is still limited.419 Direct air capture could also be deployed at higher rates 
to remove legacy GHG emissions from the atmosphere. Chapter 2 contains additional 
information on the current status of CCS and mechanical CDR projects globally, as well 
as federal support of such technologies.  

Strategies for Achieving Success 

• Implement SB 905. 

 

 
417 CARB. 2018. Carbon Capture and Sequestration Protocol under the Low Carbon Fuel Standard. 
August 13. https://ww2.arb.ca.gov/sites/default/files/2020-03/CCS_Protocol_Under_LCFS_8-13-
18_ada.pdf.  
418 National Energy Technology Laboratory. Permanence and Safety of CCS. 
https://netl.doe.gov/coal/carbon-storage/faqs/permanence-safety. 
419 Aines, Roger. No date. Options for Removing CO2 from California’s Air. Lawrence Livermore National 
Laboratory. https://ww2.arb.ca.gov/sites/default/files/2021-
08/llnl_presentation_sp_engineeredcarbonremoval_august2021.pdf.  

https://ww2.arb.ca.gov/sites/default/files/2020-03/CCS_Protocol_Under_LCFS_8-13-18_ada.pdf
https://ww2.arb.ca.gov/sites/default/files/2020-03/CCS_Protocol_Under_LCFS_8-13-18_ada.pdf
https://netl.doe.gov/coal/carbon-storage/faqs/permanence-safety
https://ww2.arb.ca.gov/sites/default/files/2021-08/llnl_presentation_sp_engineeredcarbonremoval_august2021.pdf
https://ww2.arb.ca.gov/sites/default/files/2021-08/llnl_presentation_sp_engineeredcarbonremoval_august2021.pdf
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• Convene a multi-agency Carbon Capture and Sequestration Group comprised of 
federal, state, and local agencies to engage with environmental justice advocates, 
tribes, academics, researchers, and community representatives to identify the 
current status, concerns, and outstanding questions concerning CCS, and develop 
a process to engage with communities to understand specific concerns and 
consider guardrails to ensure safe and effective deployment of CCS.420 

• Iteratively update the CARB CCS Protocol with the best available science and 
implementation experience. 

• Incorporate CCS into other sectors and programs beyond transportation where 
cost-effective and technologically feasible options are not currently available and 
to achieve the 85 percent reduction in anthropogenic sources below 1990 levels 
as called for in AB 1279. 

• Evaluate and propose, as appropriate, financing mechanisms and incentives to 
address market barriers for CCS and CDR. 

• Evaluate and propose, as appropriate, the role for CCS in cement decarbonization 
(SB 596) and as part of hydrogen production pathways (SB 1075). 

• Support carbon management infrastructure projects through core CEC research, 
development, and demonstration (RD&D) programs. 

• Continue to explore carbon capture applications for producing or leveraging zero-
carbon power for reliability needs as part of SB 100. 

• Consider carbon capture infrastructure when developing hydrogen roadmaps and 
strategy, especially for non-electrolysis hydrogen production. 

• Evaluate and streamline permitting barriers to project implementation while 
protecting public health and the environment. 

• Explore options for how local air quality benefits can be achieved when CCS is 
deployed. 

• Explore opportunities for CCS and CDR developers to leverage existing 
infrastructure, including subsurface infrastructure. 

• Explore permitting options to allow for scaling the number of sources at carbon 
sequestration hubs. 

  

Short-Lived Climate Pollutants (Non-Combustion Gases) 
Short-lived climate pollutants (SLCPs) include black carbon (soot), methane (CH4), and 
fluorinated gases (F-gases, including hydrofluorocarbons [HFCs]). They are powerful 
climate forcers and harmful air pollutants that have an outsized impact on climate change 

 

 
420 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F4.9. finalejacrecs.pdf 
(arb.ca.gov). 

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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in the near term, compared to longer-lived GHGs, such as CO2. According to the IPCC’s 
Climate Change 2021: The Physical Science Basis, in the near-term  
(i.e., 10- to 20-year time scale) the warming influence of all SLCPs combined will be at 
least as large as that of CO2.421 The United Nations Environment Programme’s Global 
Methane Assessment422 advises that achieving the least-cost pathways to limit warming 
to 1.5°C requires global methane emission reductions of 40–45 percent by 2030 
alongside substantial simultaneous reductions of all climate forcers, including CO2 and 
SLCPs. Action to reduce these powerful emissions sources today will provide immediate 
benefits—both to human health locally and to reduce warming globally—as the effects of 
our policies to transition to low carbon energy systems and achieve carbon neutrality 
further unfold. 

In 2017, the Board approved the comprehensive Short-Lived Climate Pollutant Reduction 
Strategy (Strategy).423 This strategy explained how the state would meet the following 
SB 1383-established targets:  

• 40 percent reduction in total methane emissions424 (including a separate 
40 percent reduction in dairy and livestock emissions) 

• 40 percent reduction in hydrofluorocarbon gas emissions 
• 50 percent reduction in anthropogenic black carbon emissions 
• 50 percent reduction of organic waste disposal from 2014 levels by 2020, and 

75 percent by 2025, including recovery of at least 20 percent of edible food for 
human consumption 

 

The state is expected to achieve roughly half of the SB 1383 targeted emissions 
reductions by 2030 through strategies currently in place (See Figure 4-11). As directed 
by the Legislature under SB 1383, state agencies focused on voluntary, incentive-based 
mechanisms to reduce SLCP emissions in the early years of implementation to overcome 
technical and market barriers. Under this “carrot-then-stick” strategy, incentives are 
replaced with requirements as the solutions become increasingly feasible and cost-
effective. To meet legislated targets, more aggressive action is needed.  

 

 
421 IPCC. 2021. Climate Change 2021:The Physical Science Basis. https://www.ipcc.ch/report/ar6/wg1/. 
422 United Nations. Global Methane Assessment. Summary for Policymakers. 
https://wedocs.unep.org/bitstream/handle/20.500.11822/35917/GMA_ES.pdf.  
423 CARB. 2017. Short-Lived Climate Pollution Reduction Strategy. 
https://ww2.arb.ca.gov/sites/default/files/2020-07/final_SLCP_strategy.pdf.  
424 All SB 1383 emissions reductions are mandated to be realized by 2030 and are relative to 2013 levels.  

https://www.ipcc.ch/report/ar6/wg1/
https://wedocs.unep.org/bitstream/handle/20.500.11822/35917/GMA_ES.pdf
https://ww2.arb.ca.gov/sites/default/files/2020-07/final_SLCP_strategy.pdf
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change our planet’s fate and build a more resilient, healthier, and equitable future for all 
Californians. 
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C3S Climate Bulletin shows summer 2022 was Europe’s warmest on record

C3S Climate Bulletin shows summer 2022 was Europe’s warmest on record 

Pakistan has experienced severe monsoon weather since June 2022, according to information from the Pakistan

Meteorological Department.

Pakistan devastated by August floods 
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The Executive Action Plan for the Early Warnings for All initiative calls for initial new targeted investments 
between 2023 and 2027 of US$3.1 billion – a sum which would be dwarfed by the benefits. 
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WMO | Provisional State of the Global Climate 2022 

https://storymaps.arcgis.com/stories/5417cd9148c248c0985a5b6d028b0277


The past eight years are on track to be the eight warmest on record, fueled by ever rising greenhouse gas 
concentrations and accumulated heat. Extreme heatwaves, drought and devastating flooding have 
affected millions and cost billions this year, warns the Provisional State of the Global Climate report. 
WMO Report 
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Inadequate progress on climate action calls for urgent sector and system-wide transformations – in the 
electricity supply, industry, transport and buildings sectors, and the food and financial systems – as 
current climate pledges leave the world on track for a temperature rise of 2.4-2.6°C by the end of this 
century. 
UNEP Report 

https://www.unep.org/resources/emissions-gap-report-2022


 

WMO | Greenhouse Gas Bulletin 2022 

The latest report warns that atmospheric levels of the three main greenhouse gases - carbon dioxide, 
methane, and nitrous oxide - reached new record highs in 2021, showing the biggest year-on-year jump in 

https://public.wmo.int/en/media/press-release/more-bad-news-planet-greenhouse-gas-levels-hit-new-highs


methane concentrations since systematic measurements began nearly 40 years ago. Moreover, the 
increase in carbon dioxide levels from 2020 to 2021 was larger than the average annual growth rate over 
the last decade. 
WMO Report 

 

WMO | United in Science 2022 

As global warming increases, “tipping points” in the climate system cannot be ruled out and the ambition 
of emissions reduction pledges for 2030 needs to be seven times higher to be in line with the 1.5 °C goal 
of the Paris Agreement. 
WMO Report 

https://public.wmo.int/en/greenhouse-gas-bulletin
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WMO | State of the Climate in Africa 

Water stress and hazards like withering droughts and devastating floods are hitting African communities, 
economies, and ecosystems hard. Rising water demand combined with limited and unpredictable supplies 
threatens to aggravate conflict and displacement. 
WMO Report 

https://public.wmo.int/en/our-mandate/climate/wmo-statement-state-of-global-climate/Africa
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IPCC | Climate Change 2022: Mitigation of Climate Change 

Without immediate and deep emissions reductions across all sectors, limiting global warming to 1.5°C 
(2.7°F) is beyond reach. In the scenarios assessed, limiting warming to around 1.5°C requires global 
greenhouse gas emissions to peak before 2025 at the latest, and be reduced by 43% by 2030; at the same 
time, methane would also need to be reduced by about a third. According to the report, there is increasing 
evidence of climate action. In 2010-2019, average annual global greenhouse gas emissions were at their 
highest levels in human history, but the rate of growth has slowed. An increasing range of policies and 
laws have enhanced energy efficiency, reduced rates of deforestation and accelerated the deployment of 
renewable energy. 

https://www.ipcc.ch/report/ar6/wg3


IPCC Report 

 

IPCC | Climate Change 2022: Impacts, Adaptation, Vulnerability 

Human-induced climate change is causing dangerous and widespread disruption in nature and is affecting 
the lives of billions of people around the world, says this Intergovernmental Panel on Climate Change 
(IPCC) report. People and ecosystems least able to cope are being hardest hit. Increased heatwaves, 
droughts and floods are already exceeding plants and animals’ tolerance thresholds, driving mass 
mortalities in species such as trees and corals. These weather extremes are occurring simultaneously, 
causing cascading impacts that are increasingly difficult to manage. They have exposed millions of 
people to acute food and water insecurity, especially in Africa, Asia, Central and South America, on small 
islands and in the Arctic. To avoid mounting loss of life, biodiversity and infrastructure, urgent, ambitious, 
and accelerated action is required to adapt to climate change, at the same time as making rapid, deep 
cuts in greenhouse gas emissions. 
IPCC Report 

https://www.ipcc.ch/report/ar6/wg3
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WMO | State of Global Climate 2021 

Record atmospheric greenhouse gas concentrations and associated accumulated heat have propelled the 
planet into uncharted territory, with far-reaching repercussions for current and future generations. This 
report finds the past seven years are on track to be the seven warmest on record, based on data for the 
first nine months of 2021. A temporary cooling “La Niña” event early in the year means that 2021 is 

https://public.wmo.int/en/media/press-release/state-of-climate-2021-extreme-events-and-major-impacts


expected to be “only” the fifth to seventh warmest year on record. But this does not negate or reverse the 
long-term trend of rising temperatures. Global sea level rise accelerated since 2013 to a new high in 2021, 
with continued ocean warming and ocean acidification. The report combines input from multiple United 
Nations agencies, national meteorological and hydrological services and scientific experts. It highlights 
impacts on food security and population displacement, harming crucial ecosystems and undermining 
progress towards the Sustainable Development Goals. 
WMO Report 

 

World Meteorological Organization | Greenhouse Gas Bulletin 

The abundance of heat-trapping greenhouse gases in the atmosphere once again reached a new record in 
2020, with the annual rate of increase above the 2011-2020 average. That trend has continued in 2021, 
according to the latest Greenhouse Gas Bulletin. Concentration of carbon dioxide, the most important 
greenhouse gas, reached 413.2 parts per million in 2020 and is 149 per cent of the pre-industrial level. 
Methane is 262 per cent of the level in 1750 when human activities started disrupting the Earth’s natural 
equilibrium. The economic slowdown from COVID-19 did not have any discernible impact on atmospheric 
levels of greenhouse gases and their growth rates, although there was a temporary decline in new 
emissions. Roughly half of carbon dioxide emitted by human activities today remains in the atmosphere. 
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The other half is taken up by oceans and land ecosystems, but their ability to act as “sinks” may become 
less effective in the future. 
WMO Report 

 

WMO and others | The State of the Climate in Africa 2020 

This report provides a snapshot of climate change trends and impacts in Africa, including sea level rise 
and the melting of the continent’s iconic glaciers. It highlights the region’s disproportionate vulnerability 
and shows how the potential benefits of investments in climate adaptation, weather and climate services 
and early warning systems far outweigh the costs. The report adds to the scientific evidence underlining 
the urgency of cutting global greenhouse gas emissions, stepping up climate ambition and increasing 
financing for adaptation. Greater weather and climate variability mean that up to 118 million extremely 
poor people in Africa may face drought, floods and extreme heat by 2030. Without response measures, 
poverty alleviation efforts will slow and gross domestic product could fall by up to 3 percent by 2050. 
WMO Report 
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