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benefits of reducing CO2 emissions by the same amount in that year. The SC-CO2 is 
intended to provide a comprehensive measure of the net damages – that is, the 
monetized value of the net impacts- from global climate change that result from an 
additional ton of CO2. 

These damages include, but are not limited to, changes in net agricultural productivity, 
energy use, human health, property damage from increased flood risk, as well as 
nonmarket damages, such as the services that natural ecosystems provide to society. 
Many of these damages from CO2 emissions today will affect economic outcomes 
throughout the next several centuries.35 

The SC-CO2 is year specific, and is highly sensitive to the discount rate used to discount the 
value of the damages in the future due to CO2.  The SC-CO2 increases over time as systems 
become more stressed from the aggregate impacts of climate change and future emissions 
cause incrementally larger damages. This discount rate accounts for the preference for 
current costs and benefits over future costs and benefits, and a higher discount rate decreases 
the value today of future environmental damages. While the Proposed ACT Regulation cost 
analysis does not account for any discount rate, this social cost analysis uses the IWG 
standardized range of discount rates from 2.5 to 5 percent to represent varying valuation of 
future damages. Table B-2 shows the range of IWG SC-CO2 values used in California’s 
regulatory assessments.36 

Table B-2. SC-CO2, 2012-2050 (in 2007$ per Metric Ton) 

Year 5 Percent Discount Rate 3 Percent Discount Rate 2.5 Percent Discount Rate 

2020 $12 $42 $62 

2025 $14 $46 $68 

2030 $16 $50 $73 

2035 $18 $55 $78 

2040 $21 $60 $84 

2045 $23 $64 $89 

2050 $26 $69 $95 

If all TTW GHG reductions under the Proposed ACT Regulation are assumed to be carbon 
reductions, the avoided SC-CO2 from 2020 to 2040 is the sum of the annual TTW GHG 
emissions reductions multiplied by the SC-CO2 in each year. The cumulative TTW GHG 
emission reductions along with the estimated benefits from the Proposed ACT Regulation are 
shown in Table B-3. These benefits range from about $239 million to $1.01 billion through 
2040, depending on the chosen discount rate. 

35 National Academies of Sciences, Engineering, Medicine, Valuing Climate Damages: Updating Estimation of 
Carbon Dioxide (web link: http://www.nap.edu/24651, last accessed June 2019. 
36 Interagency Working Group on the Social Cost of Carbon, Technical Update of the Social Cost of Carbon for 
Regulatory Impact Analysis ­Under Executive Order 12866 (web link: 
https://obamawhitehouse.archives.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf, last accessed 
June 2019). 
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Table B-3. Avoided Social Cost of CO2 

GHG Avoided SC-CO2 (Million 2018$) 

Year 
emission 

reductions 
(MMT) 

5% 3% 2.5% 
discount discount discount 

rate rate rate 

2024 0.0 $0.0 $0.0 $0.0 

2025 0.0 $0.0 $0.0 $0.0 

2026 0.0 $0.0 $0.0 $0.0 

2027 0.0 $0.0 $0.1 $0.1 

2028 0.0 $0.4 $1.5 $2.1 

2029 0.1 $2.0 $6.6 $9.7 

2030 0.2 $5.0 $15.6 $22.8 

2031 0.4 $7.8 $25.0 $36.3 

2032 0.5 $11.3 $34.7 $50.0 

2033 0.7 $14.3 $44.5 $63.8 

2034 0.8 $18.1 $54.4 $77.5 

2035 0.9 $21.0 $64.2 $91.0 

2036 1.1 $25.1 $73.9 $104.2 

2037 1.2 $27.8 $83.5 $118.6 

2038 1.3 $32.1 $93.0 $131.5 

2039 1.4 $34.7 $102.4 $144.0 

2040 1.5 $39.1 $111.6 $156.3 

Total 10.1 $238.8 $710.8 $1,007.9 

It is important to note that the SC-CO2, while intended to be a comprehensive estimate of the 
damage caused by carbon globally, does not represent the cumulative cost of climate change 
and air pollution to society.  There are additional costs to society outside of the SC-CO2, 
including costs associated with changes in co-pollutants, the social cost of other GHGs 
including methane and nitrous oxide, and costs that cannot be included due to modeling and 
data limitations. The Intergovernmental Panel on Climate Change (IPCC) has stated that the 
IWG SC-CO2 estimates are likely underestimated due to the omission of significant impacts 
that cannot be accurately monetized, including important physical, ecological, and economic 
impacts. 

Health Benefits 

The Proposed ACT Regulation reduces NOx and PM2.5 emissions, resulting in health benefits 
for individuals in California. The value of these health benefits are due to fewer instances of 
premature mortality, fewer hospital and emergency room visits, and fewer lost days of work. As 
part of setting the National Ambient Air Quality Standard for PM, the U.S. EPA quantifies the 
health risk from exposure to PM and CARB relies on the same health studies for this 
evaluation.37 The evaluation method used in this analysis is the same as the one used for 

37 United States Environmental Protection Agency, Health and Environmental Effects of Particulate Matter (web 
link: https://www.epa.gov/pm-pollution/health-and-environmental-effects-particulate-matter-pm, last accessed 
June 2019) 
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In general, health studies have shown that populations with low socioeconomic standings are 
more susceptible to health problems from exposure to air pollution.46,47 However, the models 
currently used by U.S. EPA and CARB do not have the granularity to account for this impact. 
The location and magnitude of projected emission reductions resulting from many proposed 
regulations are not known with sufficient accuracy to account for socioeconomic impacts, and 
an attempt to do so would produce uncertainty ranges so large as to make conclusions 
difficult.  CARB acknowledges this limitation. 

A detailed summary of the health modeling methodology is included in Health Benefits 
Appendix of this SRIA. 

i. Results 

Table B-4 shows the estimated avoided premature mortality, hospitalizations, and emergency 
room visits because of the Proposed ACT Regulation for 2020 through 2040 by California air 
basin, relative to the baseline. Only the regions with values of one or higher are shown, and 
regions with zero or insignificant impacts are not shown.  Values in parenthesis represent the 
95 percent confidence intervals of the central estimate.  As detailed in the previous section, the 
Proposed ACT Regulation is estimated to reduce overall emissions of PM2.5 and NOx in most 
years, and lead to net reduction in adverse health outcomes statewide, relative to the baseline. 

The Proposed ACT Regulation may decrease the occupational exposure to air pollution of 
California truck operators and other employees who work around truck traffic. CARB staff 
cannot quantify the potential effect on occupational exposure due to lack of data on the typical 
occupational exposure for these types of workers. 

Table B-4. Regional and Statewide Avoided Mortality and Morbidity Incidents from 2020 to 2040 
under the Proposed ACT Regulation* 

Air Basin 

Great Basin Valleys 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 

Lake County 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 

Lake Tahoe 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 

Mojave Desert 4 (3 - 4) 1 (0 - 1) 1 (0 - 1) 1 (1 - 2) 

Mountain Counties 4 (3 - 4) 0 (0 - 1) 0 (0 - 1) 1 (1 - 2) 

North Central Coast 3 (2 - 3) 0 (0 - 1) 1 (0 - 1) 2 (1 - 2) 

North Coast 1 (1 - 1) 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 

Northeast Plateau 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 

Sacramento Valley 24 (19 - 29) 3 (0 - 6) 3 (1 - 6) 9 (6 - 12) 

Salton Sea 3 (2 - 4) 0 (0 - 1) 0 (0 - 1) 1 (1 - 2) 

Avoided 
Avoided 

Hospitalizations 
Avoided Premature Hospitalizations Avoided ER 

for 
Deaths for respiratory visits 

cardiovascular 
illness 

illness 

46 Krewski et al. (2009) Extended Follow-Up and Spatial Analysis of the American Cancer Society Study Linking 
Particulate Air Pollution and Mortality.  Health Effects Institute Research Report 140.  
https://ephtracking.cdc.gov/docs/RR140-Krewski.pdf. 
47 Gwynn RC, Thurston GD. (2001) The burden of air pollution: impacts among racial minorities. Environ Health 
Perspectives;109(4):501–6.  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240572/ 
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total statewide health benefits derived from criteria emission reductions is estimated to be $5.5 
billion, with $5.2 billion resulting from reduced premature mortality and $0.34 billion resulting 
from reduced hospitalizations and emergency room visits. The spatial distribution of these 
benefits across the state follows the distribution of the health impacts by air basin as described 
in Table B-4. 

Table B-6 Statewide Valuation from Avoided Health Outcomes 

Avoided Valuation 
Outcome 

Incidents (Million 2018$) 

Avoided Premature Mortality 587 $5,528.9 
Avoided Cardiovascular Hospitalizations 92 $5.2 
Avoided Acute Respiratory Hospitalizations 110 $5.4 
Avoided Emergency Room Visits 283 $0.2 

Total $5,540 

Other Benefits to Individuals 

In addition to emission reductions, ZEVs offer a number of other benefits to truck operators 
when compared to gasoline and diesel vehicles.  ZEVs are quiet and have a smoother ride 
than ICE vehicles, and reduces noise at the worksite as well as in the community the vehicle is 
operating. 

C. Direct Costs 

The Proposed ACT Regulation will require manufacturers to produce and sell vehicles that 
have a higher upfront cost than in the baseline. Manufacturers bear the risk associated with 
the incremental costs associated with producing and selling ZEVs, but producing and selling 
these ZEVs will simultaneously decrease the manufacturers’ cost of comply with the Phase 2 
GHG regulation. Staff assumes the costs to California includes the higher upfront capital 
costs, infrastructure upgrades and lower operating expenses. This approach shows the full 
estimated cost to California for deploying the same number of ZEVs required by the regulation. 

1. Direct Cost Inputs 

The estimated direct costs from the Proposed ACT Regulation and the baseline scenario 
include: upfront capital costs of the vehicles, infrastructure, and ongoing operating costs which 
include fueling and maintenance.  Compared to gasoline or diesel vehicles, ZEVs generally 
have higher upfront capital costs but lower operating costs, which result in an overall savings 
in staff’s analysis over the useful life of the vehicles. Currently there are a number of rebate 
and voucher programs in California that offset some or all of the incremental costs for ZEVs 
and supporting infrastructure; however, none of these incentives are included in the cost 
analysis. LCFS credits are a form of incentive, but it is a market-based mechanism that 
increases the use of low carbon transportation fuels in California that has been established by 
California regulations. The assumptions underlying the direct costs are detailed in the 
following sections. 
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2030 and decrease by $670 million in 2040 as shown in Table E-7. These changes do not 
exceed 0.01 percent of baseline GSP. 

Table E-7: Change in Gross State Product 

2020 2025 2030 2035 2040 

GSP (2018M$) 2,787,689 2,905 3,160 3,459 3,797 
% Change 0.00% 0.00% 0.01% 0.01% 0.02% 

Change (2018M$) 0 72 438 451 670 

Creation or Elimination of Businesses 

The REMI model cannot directly estimate the creation or elimination of businesses. Changes 
in jobs and output for the California economy described above can be used to understand 
some potential impacts. The overall jobs and output impacts of the Proposed ACT Regulation 
are very small relative to the total California economy, representing changes of less than 0.01 
percent. However, impacts to specific industries are larger as described in previous sections. 
The trend of in decreasing production costs for the truck transportation industry has the 
potential to result in an expansion or increases in businesses in this industry if sustained over 
time. While, the decreasing trend in demand for gasoline and diesel fuel following from this 
Proposed ACT Regulation has the potential to result in a decrease in businesses in this 
industry if sustained over time. 

Incentives for Innovation 

Staff are proposing incentives for early ZEV sales by allowing credits to be generated from 
ZEV sales starting in 2021 MY, 3 years prior to the beginning requirements in 2024 MY.  Staff 
anticipates growth in industries that manufacture ZEV technologies, including first and second 
tier suppliers for manufacturers of ZEVs, which will strengthen the supply chain, and promote 
technology improvements earlier than they would have otherwise occurred. This growth will 
help foster and support a self-sustaining medium- and heavy-duty ZEV market. 

Competitive Advantage or Disadvantage 

The Proposed ACT Regulation imposes a sales mandate on large truck manufacturers. These 
truck manufacturers are headquartered and produce vehicles entirely out-of-state for a national 
and international market. There are small manufacturing entities in- and out-of-state that 
would not be required to sell ZEVs in California.  Any risk of creating a competitive advantage 
is mitigated by the 500 vehicle sales threshold.  Any small manufacturer that is able to 
increase sales would become subject to the same ZEV requirements as other large 
manufacturers. 

Early credit generation incentives are proposed to benefit all manufacturing entities, and 
therefore would not give an explicit competitive advantage or disadvantage to competing 
manufacturers. 

4. Summary and Agency Interpretation of the Assessment Results 
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The results of the macroeconomic analysis of the Proposed ACT Regulation are summarized 
in Table E-8. As analyzed here, CARB estimates the Proposed ACT Regulation is unlikely to 
have a significant impact on the California economy. Overall, the change in the growth of jobs, 
State GDP, and output is projected to not exceed 0.03 percent of the baseline. The Proposed 
ACT Regulation results in increased growth in the truck transportation industry in California as 
fuel savings and LCFS credit generation from the use of ZEVs grow over time. The fuel 
savings for the truck transportation industry represent decreased demand for gasoline and 
diesel from the industry, implying a decrease in growth for the industry. This analysis also 
shows the negative impact estimated for state and local government output and employment 
due to tax revenue decreases, without any offsetting revenues. 

Table E-8: Summary of Macroeconomic Impacts of Proposed ACT Regulation 

2020 2025 2030 2035 2040 

GSP 
% Change 

Change (2018M$) 

0.00% 

0 

0.00% 

72 

0.01% 

438 

0.01% 

451 

0.02% 

670 

Personal Income 
% Change 

Change (2018M$) 

0.00% 

-2 

0.00% 

54 

0.02% 

470 

0.02% 

859 

0.04% 

1,397 

Employment 
% Change 

Change in Jobs 

0.00% 

-2 

0.00% 

725 

0.02% 

4,587 

0.02% 

5,607 

0.03% 

8,065 

Output 
% Change 

Change (2018M$) 

0.00% 

-1 

0.00% 

114 

0.01% 

639 

0.01% 

496 

0.01% 

785 

Private Investment 
% Change 

Change (2018M$) 

0.00% 

-1 

0.00% 

22 

0.00% 

175 

0.00% 

307 

0.00% 

425 

F. Alternatives 

1. Alternative 1 

Alternative 1 is a less stringent ZEV sales requirement than the Proposed ACT Regulation and 
would apply to the same manufacturers.  Under this alternative, three percent of regulated 
manufacturer sales would need to be ZEVs in Class 2B-7 ramping up to 15 percent in 2030. 
Class 2B-3 pickup trucks and all Class 8 vehicles would be excluded from the ZEV sales 
requirement. This alternative would result in fewer ZEV sales compared to the Proposed ACT 
Regulation, but more ZEVs compared to the baseline scenario. Alternative 1 is based on the 
original ACT rule proposal presented in April 2017.115 Table F-1 summarizes the ZEV sales 
percentage requirements of Alternative 1. 

Table F-1. Alternative 1 ZEV Sales Requirement 

Model Year 

2024 
2025 
2026 
2027 

Class 2B-3* Class 4-7 Class 8 

3% 3% 0% 
5% 5% 0% 
7% 7% 0% 
9% 9% 0% 

115 California Air Resources Board, Advanced Clean Trucks Workshop (web link: 
https://ww2.arb.ca.gov/sites/default/files/2018-10/170425workshoppresentation.pdf, last accessed June 2019).  
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2028 11% 11% 0% 
2029 13% 13% 0% 
2030 and beyond 15% 15% 0% 

*Pickups excluded 

Table F-2 shows the assumptions for vehicle groups in the baseline scenario and Alternative 1. 
The main difference between the assumptions for Alternative 1 and the Proposed ACT 
Regulation is Alternative 1 does not assume any long range BEVs need to be sold in Class 4-5 
and Class 6-7 during the analysis period.  Due to the reduced ZEV sales percentage 
requirements on the manufacturer, they would not need to sell more expensive long range 
vehicles to meet their requirement. 

Table F-2. 

Vehicle Group Baseline Scenario Proposal Scenario 

Class 2B-3 
Gasoline (43%) 

Diesel (57%) 
Battery-electric 

(All normal range) 

Class 4-5 Diesel 
Battery-electric 

(All normal range) 

Class 6-7 Diesel 
Battery-electric 

(All normal range) 

Class 7 Tractor Diesel 
Battery-electric (90%) 

Fuel Cell Electric (10%) 

Costs 

Alternative 1 would increase the number of ZEVs sold in California relative to the baseline, but 
would not deploy as many ZEVs as the Proposed ACT Regulation.  This will result in lower 
costs to California compared to the baseline but increased costs compared to the Proposed 
ACT Regulation. The cost to the California economy when assuming all costs occur in 
California would be -$1.3 billion between 2020 and 2040 in Alternative 1 versus the baseline 
scenario, versus a cost of -$4.8 billion between 2020 and 2040 in the Proposed ACT 
Regulation versus the baseline. Figure F-1 illustrates the difference in cost between 
Alternative 1 and the baseline scenario. 
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Figure F-1. Alternative 1 Costs Compared to Baseline 
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Benefits 

Alternative 1 results in more ZEVs deployed than the baseline scenario providing NOx and 
PM2.5 emission reductions, but less total ZEVs than the Proposed ACT Regulation. Figure F-2 
illustrates the ZEV population over time under Alternative 1. 
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Figure F-2. Alternative 1 
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i. Emission Benefits 

The ZEVs deployed as a result of Alternative 1 provides NOx and PM2.5 benefits compared to 
the baseline scenario, but results in fewer NOx, PM2.5, and GHG benefits compared to the 
Proposed ACT Regulation. This alternative does not provide any additional GHG emission 
reductions compared to the baseline because all the required ZEV sales are assumed to be 
counted towards Phase 2 GHG compliance meaning this alternative does not achieve any 
additional GHG emissions benefits. Table F-3 summarizes the expected annual NOx, PM2.5, 
and CO2 reductions in Alternative 1 in 2031 and 2040when compared to the baseline. 

Table F-3. Alternative 1 NOx, GHG, and PM2.5 Benefits Relative to Baseline 

Calendar Year NOx (tpd) PM2.5 (tpd) CO2 (MMT/yr) 

2031 1.3 0.05 0 
2040 3.5 0.14 0 

Figure F-3, Figure F-4, and Figure F-5 show the difference in GHG, NOx, and PM2.5 emissions 
between baseline, Alternative 1, and the Proposed ACT Regulation. 
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Figure F-3. Projected GHG Emissions under Baseline, Proposed ACT Regulation, and 
Alternative 1 
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Figure F-4. Projected NOx Emissions under Baseline, Proposed ACT Regulation, and 
Alternative 1 
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Figure F-5. Projected PM2.5 Emissions under Baseline, Proposed ACT Regulation, and 
Alternative 1 
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ii. Health Benefits 

Alternative 1 results in emission reductions relative to the baseline leading to health benefits as 
shown in Table F-4. The health benefits are less than those of the Proposed ACT Regulation 
(Table B-6) due to less emission reductions estimated for this alternative. 

Table F-4. Statewide Valuation from Avoided Health Outcomes for Alternative 1 

Outcome 
Avoided 
Incidents 

Valuation 
(Million 2018$) 

Avoided Premature Mortality 157 $1,483.1 
Avoided Cardiovascular Hospitalizations 25 $1.4 

Avoided Acute Respiratory Hospitalizations 30 $1.5 
Avoided Emergency Room Visits 77 $0.1 

Total $1,486 

Economic Impacts 

Alternative 1 imposes a less stringent ZEVs sales requirement compared to the Proposed ACT 
Regulation. This results in lower incremental vehicle cost as passed-through to fleets, but also 
less Phase 2 GHG cost offsets and lower fuel savings.  The macroeconomic impact analysis 
results are qualitatively similar to the results of the Proposed ACT Regulation, but of a smaller 
magnitude as shown in Table F-5. Figure F-6 and Figure F-7 show the job and economic 
impact changes of Alternative 1, respectively. 
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Table F-5: Change in Growth of Economic Indicators for Alternative 1 Relative to 
Baseline 

2020 2025 2030 2035 2040 

GSP 
% Change 

Change (2018M$) 

0.00% 

0 

0.00% 

51 

0.00% 

137 

0.00% 

152 

0.01% 

195 

Personal Income 
% Change 

Change (2018M$) 

0.00% 

-2 

0.00% 

36 

0.01% 

158 

0.01% 

274 

0.01% 

412 

Employment 
% Change 

Change in Jobs 

0.00% 

-2 

0.00% 

513 

0.01% 

1,498 

0.01% 

1,842 

0.01% 

2,317 

Output 
% Change 

Change (2018M$) 

0.00% 

-1 

0.00% 

83 

0.00% 

190 

0.00% 

171 

0.00% 

221 

Private Investment 
% Change 

Change (2018M$) 

0.00% 

-1 

0.00% 

14 

0.00% 

60 

0.00% 

96 

0.00% 

122 

Figure F-6: Job Impacts of Alternative 1 by Major Sector 
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Figure F-7: Changes in Economic Output from Alternative 1 by Major Sector 
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Cost-Effectiveness 

Cost-effectiveness is defined as the cost to achieve a ton of emission reduction. In the case of 
Alternative 1, the total cost from 2024 to 2040 is higher (lower net savings) than the proposed 
ACT regulation and would achieve less emission reductions. Alternative 1 is a less cost-
effective alternative compared to the proposed ACT regulation. 

Reason for Rejecting 

Alternative 1 is rejected because it fails to maximize the number of ZEVs deployed, does not 
maximize NOx, PM2.5, and GHG reductions, and does not adequately foster ZEV market 
development in California. The Proposed ACT Regulation is identified as a technology-forcing 
measure in the State SIP Strategy as well as part of the Climate Change Scoping Plan as a 
necessary component needed to improve California’s air quality and achieve the state’s 
climate protection goals. 

Alternative 1 does not maximize the number of ZEVs deployed in California as it requires a low 
amount of ZEVs to be produced and excludes both Class 2B-3 pickup trucks and all Class 8 
vehicles. Because of the low number of vehicles deployed, Alternative 1 does not maximize 
NOx and PM2.5 emission reductions which are necessary to meet SIP attainment goals.  
Alternative 1 does not reduce GHG emissions as its requirements do not exceed the standards 
already set by Phase 2 GHG, failing to meet the goals of the Climate Change Scoping Plan. 
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2. Alternative 2 

Alternative 2 is a more stringent ZEV sales requirement than the Proposed ACT Regulation 
and would apply to the same manufacturers.  Under this alternative, 15 percent of regulated 
manufacturer sales would need to be ZEVs in Class 2B-8 ramping up to 40 percent in 2030. 
Unlike the proposal and Alternative 1, no vehicle types are excluded from the ZEV sales 
requirement in this scenario. This alternative was proposed by Earthjustice, Union of 
Concerned Scientists, and Sierra Club in a letter to CARB on March 25th, 2019.116 Alternative 
2 would result in greater zero-emission vehicle sales compared to the baseline and Proposed 
ACT Regulation. 

Table F-6 summarizes the ZEV sales percentage requirements of Alternative 1. 

Table F-6. Alternative 2 ZEV Sales Requirement 

Model Year 

2024 
2025 
2026 
2027 
2028 
2029 

2030 and beyond 

Class 2B-8 

15% 
20% 
24% 
28% 
32% 
36% 
40% 

Table F-7 shows the assumptions for vehicle groups in the baseline scenario and Alternative 2. 
The main difference between the assumptions for Alternative 2 and the Proposed ACT 
Regulation is Alternative 2 assumes long range BEVs need to be sold in Class 2B-3 and more 
fuel cell vehicles would need to be sold in Class 7-8 tractors.  Due to the increased ZEV sales 
percentage requirements on the manufacturer, they would need to sell more capable and 
expensive longer range vehicles to meet their requirement. 

Table F-7. 

Vehicle Group Baseline Scenario Proposal Scenario 

Class 2B-3 
Gasoline (43%) 

Diesel (57%) 
Battery-electric 

(50% long range after 2030) 

Class 4-5 Diesel 
Battery-electric 

(50% long range after 2030) 

Class 6-7 Diesel 
Battery-electric 

(50% long range after 2030) 

Class 8 Diesel 
Battery-electric 

(50% long range after 2030) 

Class 7-8 Tractor Diesel 
Battery-electric (75%) 

Fuel Cell Electric (25%) 

116 Cort, Paul; O’Dea, Jimmy; Pingle, Ray, Advanced Clean Truck Rulemaking, 2019.  
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Costs 

Alternative 2 would increase the number of ZEVs sold in California relative to the baseline and 
the Proposed ACT Regulation. This will result in lower costs to California compared to the 
baseline and the Proposed ACT Regulation.  The cost to the California economy when 
assuming all costs occur in California would be -$4.5 billion between 2020 and 2040 in 
Alternative 2 versus the baseline scenario, versus a cost of -$4.8 billion between 2020 and 
2040 in the Proposed ACT Regulation versus the baseline. Figure F-8 illustrates the 
difference in cost between Alternative 2 and the baseline scenario. 

Figure F-8. Alternative 2 Costs Compared to Baseline 
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Alternative 2 results in more ZEVs deployed than the baseline scenario and the Proposed ACT 
Regulation providing NOx, PM2.5 and GHG emission reductions. Figure F-9 illustrates the ZEV 
population over time under Alternative 2. 

Figure F-9. Alternative 2 
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i. Emission Benefits 

Alternative 2 results in greater ZEV deployments compared to the baseline scenario and the 
Proposed ACT Regulation. These ZEVs will provide NOx, PM2.5 and CO2 benefits compared 
to both the baseline scenario and the Proposed ACT Regulation. Table F-8 summarizes the 
expected annual NOx, PM2.5, and CO2 benefits in Alternative 2 in 2031 and 2040. 

Table F-8. Alternative 2 NOx, GHG, and PM2.5 Benefits Relative to Baseline 

Calendar Year NOx (tpd) PM2.5 (tpd) CO2 (MMT/yr) 

ZE
V

 P
o

p
u

la
ti

o
n

 

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 

2031 8.7 0.32 1.16 
2040 22.6 0.70 2.78 

Figure F-10, Figure F-11, and Figure F-12 represent the difference in GHG, NOx, and PM2.5 

emissions between baseline and Alternative 2. 
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Figure F-10. Projected GHG Emissions under Baseline, Proposed ACT Regulation, and 
Alternative 2 
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Figure F-11. Projected NOx Emissions under Baseline, Proposed ACT Regulation, and 
Alternative 2 
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Figure F-12. Projected PM2.5 Emissions under Baseline, Proposed ACT Regulation, and 
Alternative 2 
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The cumulative GHG emission reductions multiplied by the SC-CO2 values shown in Table 
B-2 gives a monetary estimate of the benefit of GHG emission reductions from Alternative 2. 
These benefits range from about $624 million to $2.67 billion through 2040, depending on the 
chosen discount rate. 

ii. Health Benefits 

Alternative 2 results in emission reductions relative to the baseline leading to health benefits as 
shown in Table F-9. The health benefits are greater than those of the Proposed ACT 
Regulation (Table B-6) due to greater emission reductions estimated for this alternative. 

Table F-9. Statewide Valuation from Avoided Health Outcomes for Alternative 2 
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Avoided Valuation 
Outcome 

Incidents (Million 2018$) 

Avoided Premature Mortality 920 $8,663.7 
Avoided Cardiovascular Hospitalizations 143 $8.1 

Avoided Acute Respiratory Hospitalizations 171 $8.4 
Avoided Emergency Room Visits 442 $0.4 

Total $8,681 
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Economic Impacts 

Alternative 2 would impose a more stringent ZEVs sales requirement compared to the 
Proposed ACT Regulation. This results in a greater incremental vehicle cost as passed-
through to fleets, but also more Phase 2 GHG cost offsets and more fuel savings. The 
macroeconomic impacts analysis results shows that this alternative would result in similar 
impacts to the proposal on employment and output but of a smaller magnitude as displayed in 
Table F-10. These smaller positive impact appears to result primarily from the greater 
reduction in gasoline in diesel fuel demand. This reduces output more substantially in the 
petroleum and coal products manufacturing industry, shown in Figure F-14, and reduces 
employment more substantially in the public sector as the result of lower tax revenues, shown 
in Figure F-13. 

Table F-10: Change in Growth of Economic Indicators for Alternative 2 Relative to 
Baseline 

2020 2025 2030 2035 2040 

GSP 
% Change 
Change (2018M$) 

0.00% 
0 

0.01% 
349 

0.01% 
464 

0.01% 
294 

0.01% 
308 

Personal Income 
% Change 
Change (2018M$) 

0.00% 
-2 

0.01% 
226 

0.02% 
598 

0.03% 
868 

0.03% 
1,334 

Employment 
% Change 

Change in Jobs 

0.00% 

-2 

0.01% 

3,529 

0.02% 

5,774 

0.02% 

5,594 

0.02% 

6,615 

Output 
% Change 
Change (2018M$) 

0.00% 
-1 

0.01% 
562 

0.01% 
562 

0.00% 
62 

0.00% 
-43 

Private Investment 
% Change 
Change (2018M$) 

0.00% 
-1 

0.00% 
94 

0.00% 
237 

0.00% 
331 

0.00% 
430 
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Figure F-13: Job Impacts from Alternative 2 by Major Sector 
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Figure F-14: Change in Economic Output from Alternative 2 by Major Sector 
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Cost-Effectiveness 

Cost-effectiveness is defined as the cost to achieve a ton of emission reduction. As Alternative 
2 is modeled, the total cost from 2020 to 2040 is slightly higher (lower net savings) than the 
proposed ACT regulation and would achieve greater emission reductions. Alternative 2 is a 
more cost-effective alternative compared to the proposed ACT regulation. 

Reason for Rejecting 

Alternative 2 is rejected as the more aggressive timeframe raises questions about feasibility for 
manufacturers to comply with its requirements.  Alternative 2 nearly doubles the cumulative 
number of ZEVs to be sold between 2020 and 2040 with all of the increased sales occurring in 
the Class 2B-3 and Class 7-8 tractor categories. The current scarcity of commercial vehicle 
deployments in these categories present uncertainty in setting future requirements.  Both 
Class 2B-3 and Class 7-8 tractors have increased concerns about payload, range, towing, 
charging/refueling infrastructure availability which may present barriers to their deployment. 
Given the greater emissions benefits and greater cost-effectiveness of Alternative 2, staff 
continues to analyze the rapidly evolving technical progress of these categories to determine if 
additional stringency is warranted. 
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G. Health Benefits Methodology Appendix 

DRAFT (8/1/2019): Estimating Health Benefits Associated with Reductions in PM and 

NOx Emissions: Detailed Description 

1. Introduction 

CARB uses two different methods to estimate the number of adverse health outcomes, 

including premature death, related to exposure to particulate matter less than or equal to 

2.5 µm in diameter (PM2.5).  In most cases, CARB uses the incidence-per-ton (IPT) 

methodology to estimate health outcomes from emissions data.  The IPT methodology is a 

simplified procedure that uses pre-calculated results, obtained by running a mathematical 

health model on a baseline scenario, to compute estimates of the number of cases of adverse 

health outcomes. In cases where measured or modeled PM2.5 concentrations are available at 

a high spatial resolution, CARB staff may input them directly into the health model to obtain 

estimates of health outcomes. This is referred to as direct estimation. 

2. Overview of the IPT methodology 

CARB uses the IPT methodology to quantify the health benefits of regulations and programs 

that reduce PM2.5 and precursor emissions. It is based on an approach developed by the 

U.S. Environmental Protection Agency (EPA), as described by Fann et al. (2009, 2012, 2018).  

The mathematical relationship between changes in emissions and changes in health outcomes 

is approximately linear.  The IPT methodology is based upon this relationship, and makes the 

following assumptions: 

(1) Changes in health outcomes are proportional to changes in PM concentration; 

(2) Changes in primary pollutant concentrations are proportional to changes in 

emissions; and 

(3) Changes in secondary pollutant concentrations are approximately proportional 

to changes in emissions. It should be noted that there may be cases where the 

relationship between emission of oxides of nitrogen (NOx) and ammonium 

nitrate aerosol is not linear. 

Due to the approximately linear relationship between premature deaths (or other health 

outcomes) and emission concentrations, the number of premature deaths can be estimated by 

multiplying emissions by a scaling factor: the IPT factor. IPT factors are developed by a 

applying a health model to measured air pollution concentrations for a baseline period to 

estimate the number of health outcomes associated with PM2.5 exposure, then dividing by 

emissions of PM2.5 or a precursor. 
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Measured or modeled air pollution concentrations, baseline incidence rates, projections of 

future population size, and a concentration-response function relating changes in PM2.5 

exposure to changes in mortality incidence are used to perform calculations. 

Current IPT factors were developed from a baseline scenario using air quality data, incidence 

data and emission inventories for 2014-2016, and age-stratified population projections for 2010 

through 2060.  IPT factors are calculated separately for each air basin. 

IPT factors are currently available for two types of PM: diesel particulate matter (DPM) 

primarily from on-road sources, and secondary ammonium nitrate formed from NOx.  Health 

effects of primary PM2.5 from sources other than on-road diesel engines are estimated by 

using IPT factors developed for DPM and multiplied by a relative potency factor, as described 

below. 

In addition to premature mortality from cardiopulmonary causes, CARB currently uses IPT 

factors to estimate hospitalizations due to cardiovascular and respiratory causes and 

emergency room visits due to asthma. 

Since the total incidence of health effects is proportional to population, results for future years 

are adjusted by the ratio of the projected population in the target year to the average 

population in the base years 2014-2016. 

3. CARB’s health model 

CARB’s health model is based on the methodology used by US EPA’s BenMAP benefits 

mapping and analysis software [US EPA BenMAP].  CARB developed its own health model in 

order to overcome limitations of BenMAP, primarily to provide the capacity to handle very large 

data sets, enable automation of repetitive tasks, and facilitate the incorporation of California-

specific data. The health model uses a multi-step process to estimate health impacts from 

measured or modeled PM2.5 concentrations.  These steps are described below. 

Estimating exposure from measured concentrations 

CARB’s health model estimates population-weighed exposure to primary and secondary 

PM2.5 is from annual concentrations measured at monitors located throughout California. The 

mortality quantification method requires estimation of exposure between monitors across a 

geographic area, not only at points where monitors are located. The model uses a well 

established spatial interpolation method known as inverse distance-squared weighting. Since 

PM2.5 is emitted directly from sources (primary PM2.5) and also formed from gases that 

convert to PM2.5 through atmospheric chemical processes (secondary PM2.5), separate 

exposure estimates are made for each: 
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 Estimating Diesel particulate matter concentrations 

Annual diesel particulate matter (DPM) concentrations are not measured directly.  Rather, they 

are estimated indirectly from annual average NOx concentrations by multiplying them by air 

basin and year-specific DPM/NOx emission ratios computed from CARB emission inventories. 

The emissions and air quality used to perform this calculation are tabulated in the 

appendix. The methodology and its rationale is described in greater detail in 

CARB 2010a and Propper et al., 2015.  DPM concentrations were estimated at 106 

monitors located throughout the state.  In order for an annual NOx average to be 

considered valid, the data were required to be at least 75% complete. 

 Estimating secondary ammonium nitrate concentrations 

In addition to DPM, CARB computes health impacts for secondary ammonium nitrates PM2.5 

formed in the atmosphere from NOx by chemical processes. To estimate ammonium nitrate 

PM2.5 exposure, CARB staff use speciated PM2.5 nitrate ion (NO3
-) concentration data from 

two sources: the air quality monitoring network maintained by CARB and local air quality 

districts, and the IMPROVE visibility network (IMPROVE Visibility Network). 

CARB and air pollution control districts operate a network of PM2.5 monitors around the state, 

mostly in urban areas (ARB AQMN). PM2.5 samples are collected as 24-hour filter samples, 

once every 3-6 days. Samples from some monitors are further analyzed to determine the 

concentration of nitrate ion and other constituents.  During 2014-2016, nitrate data were 

available from 18 urban monitors.  Data for these monitors are retrieved from ARB’s ADAM air 
quality database (ARB ADAM). 

In addition to the urban monitors, the national IMPROVE visibility network operated 20 

PM2.5 nitrate ion monitor during 2014-2016, mainly in national parks and other remote 

locations (IMPROVE Visibility Network). These instruments collect one sample every 

three days. IMPROVE data are retrieved from the project web site (IMPROVE Visibility 

Network). 

Daily samples were aggregated by monitor to obtain annual averages. In order for an 

annual average to be considered valid, the data were required to be at least 75% 

complete. To convert from nitrate ion concentration to ammonium nitrate (NH4NO3) 

concentration, the annual averages were multiplied by the ratio of the molecular weight 

of ammonium nitrate to that of the nitrate ion. 

Prior to May, 2019 CARB used PM10 nitrate data instead of more accurate PM2.5 

nitrate data to estimate ammonium nitrate aerosol concentrations to compute health 

impacts. This is because speciated PM10 data was available for more locations than 
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speciated PM2.5, and better reflected the spatial variability in ammonium concentrations 

across California. However, the number of monitors in the speciated PM10 network has 

shrunk and is now comparable in size and coverage to the speciated PM2.5 network.  

Therefore, as of May, 2019 CARB uses PM2.5 nitrate data to compute impacts instead. 

The PM2.5 nitrate monitors are more accurate because they store the filters in a 

refrigerated compartment, and less of the sample is lost to volatilization.  Consequently, 

the estimated PM2.5 nitrate concentrations and associated IPT factors for NOx 

emissions are approximately 50% higher than those used prior to May, 2019. 

Estimating exposure using from modeled concentrations 

The health model can also be run with concentrations derived from an air quality model as 

input. Air quality models include dispersion models, which model how pollutants are dispersed 

by the wind, and photochemical models, which are more elaborate and capture the effects of 

sunlight, temperature, chemical reactions and other physical processes on pollutants. 

Dispersion models are only used for primary pollutants, as they are not capable of modeling 

formation of secondary pollutants. Air quality models generate gridded results, with grid cells 

typically in the range of 500-2,000m square. 

Population projections at the census tract level 

CARB’s health model uses age-resolved population data at the census tract level, for the 2010 

Census, obtained from the U.S. Census Bureau (U.S. Census Bureau). These were projected 

to 2011-2060 using age-resolved county population projections from the California Department 

of Finance (CDOF). 

Age-specific growth factors for each county, for each year, were computed from the CDOF 

projections by dividing each county population for the target year by the average county 

population for the base years 2014-2016. These growth factors were applied to each census 

tract in the county, for each age group separately. Population was projected for five-year age 

groups 0-4 through 80-84, and for age 85 and older. 

This method of projection reflects growth in overall county population, but does not model 

changes in population distribution within counties, such as expansion of urban areas into 

surrounding rural land. 

Estimating baseline incidence 

CARB’s health model uses incidence data for cardiopulmonary mortality extracted from the 
Center of Disease Control (CDC) Wonder database.  Incidence data for hospitalizations for 

cardiovascular and respiratory causes, and emergency room visits for asthma are taken from 

US EPA BenMAP benefits mapping software (US EPA BenMAP). 
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Baseline incidence rates vary by age bracket. Incidence was estimated separately for five-year 

age groups 0-4 through 80-84, and for age 85 and older. 

Mortality incidence data are county-specific.  Incidence data for other health outcomes is 

uniform throughout California. 

Baseline incidence of mortality, hospitalizations and emergency room visits is tabulated in the 

appendix. 

Estimating health outcomes using a concentration-response function 

CARB’s health model estimates the incidence of premature death and other health outcomes 

at each census tract or modeling grid cell by an equation 

Incidence = [population]i  [baseline incidence]i  [ 1 – exp( – β  PM2.5 ) ] 

where the subscript i indexes the age groups.  The incidence is summed over age groups to 

obtain the total incidence for the census tract. The coefficient β is taken from one of the health 
studies discussed below. 

The specific form of this equation is determined by the type of statistical model used by the 

health studies to model the relationship between PM2.5 exposure and health risk. All the 

studies selected by CARB use a so-called log-linear relationship, so all the equation for the 

incidence takes the form shown above. 

CARB draws upon health studies used by the U.S. EPA for its risk assessments (US EPA 

2010).  CARB uses a subset of the endpoints used by U.S. EPA, chosen on the basis of their 

strength and robustness.  For premature mortality, CARB uses the cardiopulmonary mortality 

risk coefficient for the 1999-2000 time period from Krewski et al., 2009, among the largest 

studies of its kind, with 360,000 participants. For cardiovascular and respiratory 

hospitalizations, CARB used Bell et al., 2008, and for emergency room visits for asthma CARB 

used Ito et al., 2007. 

The process for selecting these studies was described in detail in CARB’s 2010 PM2.5 
mortality report (CARB 2010b). 

Aggregating health outcomes by air basin 

To aggregate results from census tracts to larger geographical subdivisions such as counties 

or air basins, CARB’s health model uses a geospatial technique called areal interpolation. 

Areal interpolation is a procedure for translating spatial data from one set of geographical 

subdivisions to another when the boundaries do not exactly overlap. Numerous variants of the 

technique exist, but for the purpose of this analysis the simplest form, which uses area of 
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polygon intersection, was employed (Goodchild and Lam, 1980, Flowerdew and Green, 1994).  

The precision of this method depends on the size of the geographical subdivisions and the 

spatial homogeneity of the quantity being apportioned.  In urban areas, where census tracts 

are small and population is distributed more evenly, areal interpolation to larger subdivisions 

such as air basins yields relatively precise estimates. In rural areas where the population is 

distributed unevenly over large census tracts, estimates are less precise. 

4. Computing IPT factors From health outcomes and emissions 

IPT factors are computed separately for each air basin. To compute IPT factors for DPM, the 

estimates incidence of premature death or other health outcomes associated with DPM 

exposure for the baseline years is divided by DPM emissions for each air basin. To compute 

IPT factors for secondary ammonium nitrate, incidence is divided by emissions of the 

precursor, NOx. 
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Health benefit calculations using IPT factors 

To estimate the reduction in health outcomes associated with reductions in DPM and NOx 

from a regulation, the change in emissions is multiplied by IPT factor. This value is then 

multiplied by the ratio of the projected target year population with the 2014-2016 average 

population to adjust for population growth. 

5. Uncertainty in health impact estimates 

This methodology is well-established and includes up-to-date information. However, there are 

uncertainties in the underlying data and assumptions: 

 Air quality data is subject to natural variability from meteorological conditions, local 

activity, etc. 

 The assumption that changes in concentrations of pollutants are proportional to 

changes in emissions of those pollutants or their precursors is an approximation. 

There may be cases where actual changes in concentrations are higher or lower 

than predicted. 

 The estimation of DPM concentrations and DPM/NOx emission ratios is subject to 

uncertainty. Emissions are reported at an air basin resolution, and do not capture 

local variations. 

 Inverse distance-squared weighting, the spatial interpolation method is used to 

estimate concentrations each census tract.  Compared with other geospatial 

estimation methods such as Kriging, inverse distance-squared interpolation has the 

virtue of simplicity, and does not require selection of parameters.  When data are 

abundant, most simple interpolation techniques give similar results (Jarvis et al., 

2001).  All geospatial estimation techniques exhibit greater uncertainty when data 

points are sparser, and uncertainty increases with distance from the nearest data 

points. 

 Future population estimates are subject to increasing uncertainty as they are 

projected further into the future. For reasons of computational efficiency, the spatial 

resolution of population estimates is limited to census tract resolution. 

 Observed baseline incidence rates change over time, and are subject to random 

year-to-year variation and systematic shifts as population characteristics and 

medical treatments evolve. Sample size requirements necessitate estimating 

baseline incidence rates at large geographic scales, state or county. 

 Relative risks in the concentration response function are estimated with uncertainty 

and reported as confidence ranges. 

6. Relative potency factors for non on-road diesel sources 
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