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Mathematical Justification

The following justification demonstrates that capping the annual standard first would result in
lesser PM s concentration reductions compared to capping the daily standard first.

Method A: cap annual standard first then the daily standard, which is the method used in this
study.

Method B: cap daily standard first then the annual standard.

For any hour of the year, say the j" hour of the i day, assuming the initial PM,s concentration is
C;;, and the adjusted concentration that attains both the annual and daily standard is C; with our
method A, and is Cj with the suggested method B. Let Ca be the initial annually averaged
concentration. Let C, be the annual standard and Cq4 be the daily standard.

Assuming the initial daily averaged concentration is:
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For Method A, we have:
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For Method B, we have:
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To compare Method A and Method B, we have:
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So, we have justified that Cj; > Cl] as long as Cq > C,, which means (Cj; — Cj;) < (Cjj — C;]-) and
method A ) results to smaller PM, s reduction needed for attainment compares to the method B.
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Fig. S1. (a) Map of the CMAQ simulation domain showing the three subdomains: San Francisco
Bay Area (SFBA), San Joaquin Valley (SJV) and South Coast Air Basin of California (SoCAB).
Distance above sea level indicated in meters. (b) Population in each model grid cell in
thousands.(c) Geographical areas within SOCAB.
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Fig. S2. PM2s concentration hourly timeseries comparing simulated results and observation data
from 83 sites in the AQS network for year 2018.
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Fig. S3. PMzs concentration hourly timeseries comparing CMAQ 2012 simulation (aqCA4_2012)
results and observation data from 109 sites in the AQS network.
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Epidemiology study
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Fig. S4. Schematic diagram of the BenMAP model (Figurel-1 from BenMAP user manualt). The
The variables that appear in health impact functions are the following ones:

* Air Quality Change (Delta): The air quality change is the difference between the starting air
pollution level (baseline) and the air pollution level after some change (control). Positive delta
values mean that air quality has improved.

* Health Effect Estimate (B): It is an estimate of the percentage change in the risk of an adverse
health effect due to changes in ambient air pollution. Effect estimates are obtained from
epidemiology studies. And studies that are realized in the same localization where we will assess
the health benefits will be prioritized, among other criteria.

* Exposed Population: The exposed population is the number of people who are in the region
where we are assessing air pollution reduction.

* Health Baseline Incidence: The health incidence rate is an estimate of the average number of
people who die (or suffer from some adverse health effect) in each population over a given
period.
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Fig. S5. Diagram of the framework used to quantify avoided incidence of mortality and morbidity

endpoints between the baseline and attainment scenarios
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Table S1. Health incidence results from BenMAP for 2018 scenarios.

Incidence (#/year)

(2.5% IC, 97.5%IC)

(2.5% IC, 97.5%IC)

Year 2018
Endpoint STDc STD1 STD2
mean mean mean

(2.5% IC, 97.5%IC)

Premature Deaths Avoided, All Cause

Short-Term PM25

8.17e2

1.61e3

2.26e3

Exposure (6.32e2, 1.00e3) (1.25e3, 1.98e3) (1.75e3, 2.76€3)
Long-Term PM25 5.56e3 1.09e4 1.53e4
Exposure (3.14e3, 1.44e4) (6.18e3, 2.80e4) (8.48e3, 3.99¢e4)

Reduced Morbidity Incidence

Short-Term PMzs

Exposure

Asthma Exacerbation
Wheeze Asthma
Exacerbation Cough
Asthma Exacerbation
Shortness of Breath

1.88e5
(-1.24e4, 4.28e5)

2.96€5
(-1.94e4, 6.72€5)

4.11e5
(-2.69e4, 9.33eb)

Lower Respiratory

9.27¢e4

1.46e5

2.02e5

Symptoms (3.87e4, 1.42e5) (6.09e4, 2.24e5) (8.454, 3.08e5)
Upper Respiratory 2.09e5 3.28e5 4.56e5
Symptoms (3.86e4, 3.77e5) (6.04e4, 5.92e5) (8.39¢e4, 8.21e5)

HA and ED Visits Asthma

1.24e3
(-2.15e2, 3.07e3)

1.95e3
(-3.36e2, 4.84€3)

2.70e3
(-4.67e2, 6.71e3)

HA All Respiratory HA
Chronic Lung Disease
(less Asthma)

1.08e3
(6.85e2, 1.40e3)

1.71e3
(1.08e3, 2.23e3)

2.39e3
(1.51e3, 3.13e3)

HA All Cardiovascular
(less Myocardial
Infarctions)

1.31e3
(9.12e2, 1.67e3)

2.09e3
(1.44e3, 2.65e3)

2.90e3
(2.01e3, 3.68e3)

HA Ischemic Stroke

5.81e2
(2.04e2, 1.13e3)

9.24e2
(3.24e2, 1.81e3)

1.29e3
(4.54e2, 2.53€3)

Minor Restricted Activity
Days

4.17€6
(3.44e6, 4.88¢e6)

6.58€6 (5.42¢e6,
7.72€6)

9.13e6
(7.53e6, 1.07€7)

Work Loss Days

7.39€5
(6.30e5, 8.47e5)

1.16e6
(9.93e5, 1.34e6)

1.62e6
(1.38e6, 1.85¢6)

Acute Myocardial
Infarction Nonfatal

2.91e2
(1.23e2, 7.45e2)

4.62e2
(1.72e2, 1.19e3)

6.47e2
(2.41e2, 1.66€3)

Asthma New Onset
Wheeze

1.89e4
(-1.49¢4, 4.13e4)

3.01e4
(-2.29e4, 6.51e4)

4.11e4
(-3.18e4, 8.73e4)

Long-Term PMzs

Exposure

Acute Bronchitis

8.53e3
(-2.18e3, 1.82e4)

1.30e4
(-3.43e3, 2.73e4)

1.76e4
(-4.79e3, 3.62e4)
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Table S2. Health incidence results from BenMAP for 2035 scenarios.

Incidence (#/year)

Year 2035

Endpoint

STDc

STD1

STD2

mean
(2.5% IC, 97.5%IC)

mean
(2.5% IC, 97.5%IC)

mean
(2.5% IC, 97.5%IC)

Premature Deaths Avoided, All Cause

Long-Term PM25 Exposure

(2.36e3, 1.08e4)

(4.24e3, 1.94e4)

Short-Term PM25 6.07e2 1.10e3 1.82e3
Exposure (4.69e2, 7.45e2) (8.48e2, 1.34e3) (1.40e3, 2.23e3)
4.18e3 7.51e3 1.24e4

(7.01e3, 3.18e4)

Reduced Morbidity Incidence

Short-Term PM2s Exposure

Asthma Exacerbation
Wheeze Asthma
Exacerbation Cough

HA and ED Visits Asthma

(-63.9, 9.61€2)

(-1.19e2, 1.79e3)

Asthma Exacerbation 5.73e4 1.07e5 1.81e5

Shortness of Breath (-3.75e3, 1.31e5) (-6.97e3, 2.44e5) (-1.18e4, 4.13e5)

Lower Respiratory 2.91e4 5.43e4 9.17e4

Symptoms (1.17e4, 4.54e4) (2.19¢e4, 8.44e4) (3.72e4, 1.42e5)

Upper Respiratory 6.21e4 1.16e5 1.97e5

Symptoms (1.14e4, 1.12e5) (2.12e4, 2.10e5) (3.61e4, 3.56€5)
3.71e2 6.92e2 1.17e3

(-2.03e2, 3.03e3)

HA All Respiratory HA
Chronic Lung Disease (less
Asthma)

6.29e2
(3.88e2, 8.27¢2)

1.12e3
(6.89e2, 1.48e3)

1.84e3
(1.13e3, 2.43e3)

HA All Cardiovascular (less

6.85e2

1.23e3

2.03e3

Wheeze

(-5.36€3, 1.97e4)

3.45e4)

Myocardial Infarctions) (4.60e2, 8.78e2) (8.27e2, 1.57e3) (1.37e3, 2.59e3)
3.56e2 6.35e2 1.04e3

HA Ischemic Stroke (1.23e2, 7.07e2) (2.20e2, 1.26e3) (3.61e2, 2.07e3)

Minor Restricted Activity 1.50e6 2.73e6 4.53e6

Days (1.23e6, 1.76e6) (2.24€6, 3.21e6) (3.72e6, 5.33e6)
2.63e5 4.78e5 7.95e5

Work Loss Days (2.23e5, 3.02e5) (4.06e5, 5.50e5) (6.76e5, 9.14e5)

Acute Myocardial Infarction (1.76e2 3.14e2 5.17e2

Nonfatal (65.4, 4.60e2) (1.17e2, 8.21e2) (1.92e2, 1.35e3)

Asthma New Onset 8.89e3 1.57e4 (-9.62e3, 2.54e4

(-1.60e4, 5.49e4)

Long-Term PMzs

Exposure

Acute Bronchitis

2.54e3

(-6.39e2, 5.47€3)

4.66€3
(-1.20e3, 9.91e3)

7.78e3
(-2.04e3, 1.64e4)
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Table S3. Health valuation results from BenMAP for 2018 scenarios.

Valuation (S/year)

2018

Endpoint

STDc

STD1

STD2

mean
(2.5% IC, 97.5%IC)

mean
(2.5% IC, 97.5%IC)

mean
(2.5% IC, 97.5%IC)

Premature Deaths Avoided, All Cause

Total Premature Deaths

(2.95€7, 1.64e8)

Short-Term PM25 8.93e6 1.41e7 1.97e7

Exposure (4.51e6, 1.41e7) (7.12e6, 2.23€e7) (9.95e6, 3.12€7)

Long-Term PM25 6.04e7 9.49e7 1.33e8

Exposure (2.50e7, 1.49e8) (3.93e7, 2.33e8) (5.44e7, 3.39€8)
6.93e7 1.09e8 1.53e8

(4.64€7, 2.55e8)

(6.43e7, 3.70e8)

Reduced Morbidity Incidence

Short-Term PMzs

Exposure

Asthma Exacerbation,
Wheeze Asthma
Exacerbation, Cough
Asthma Exacerbation,
Shortness of Breath

3.37e3
(-2.21e2, 7.65€3)

5.28e3
(-3.46e2, 1.20e4)

7.34e3
(-4.81e2, 1.67e4)

Lower Respiratory

1.66e3

2.62e3

3.61e3

HA and ED Visits, Asthma

(-3.55e2, 5.08e3)

Symptoms (6.91e2, 2.53e3) (1.09e3, 4.00e3) (1.51e3, 5.50e3)

Upper Respiratory 3.74e3 5.87e3 8.14e3

Symptoms (6.89e2, 6.73e3) (1.08e3, 1.06e4) (1.5e3, 1.47e4)
2.05e3 3.22e3 4.47e3

(-5.57e2, 8.02e3)

(-7.73e2, 1.11e4)

HA, All Respiratory

2.44e4
(1.54e4, 3.17e4)

3.84e4
(2.43e4, 5.01e4)

5.37e4
(3.39¢e4, 7.01e4)

HA, All Cardiovascular

Total Short-Term PM2.5

(4.62e5, 8.90e5)

(less Myocardial 3.22e4 5.11e4 7.10e4

Infarctions) (2.27e4, 4.08e4) (3.53e4, 6.49¢e4) (4.93e4, 9.03e4)
3.75e4 5.96e4 8.35e4

HA, Ischemic Stroke (1.32e4, 7.32¢e4) (2.09e4, 1.17e5) (2.93e4, 1.63e5)

Minor Restricted Activity 7.44e4 1.18e5 1.63e5

Days (6.14e4, 8.72e4) (9.69e5, 1.38e5) (1.35e5, 1.91e5)
1.62e5 2.55e5 3.55e5

Work Loss Days (1.38e5, 1.86e5) (2.18e5, 2.93e5) (3.02e5, 4.07eb)

Acute Myocardial 3.02e5 4.81e5 6.73e5

Infarction, Nonfatal (2.10e5, 4.49e5) (3.32e5, 7.14e5) (4.63e5, 1.02e6)
6.43e5 1.02e6 1.42e6

(7.29€5, 1.41e6)

(1.01e6, 1.99€6)

Long-Term PMzs

Exposure

Acute Bronchitis

2.47¢e4
(-6.33€3, 5.28e4)

3.77¢4
(-9.96€3, 7.92e4)

5.09e4
(-1.39e4, 1.05e5)

Total Morbidity (PM2.5)

6.68e5
(4.56e5, 9.42e5)

1.06e6
(7.19e5, 1.49€6)

1.47e6
(1.00e6, 2.09e6)

Total Valuation (Mortality
+ Morbidity)

7.00e7
(2.99e7, 1.65e8)

1.10e8
(4.71e7, 2.57e8)

1.54e8
(6.53e7, 3.72€8)
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Table S4. Health valuation results from BenMAP for 2035 scenarios.

Valuation ($/year)

2035

Endpoint

STDc

STD1

STD2

mean
(2.5% IC, 97.5%IC)

Mean
(2.5% IC, 97.5%IC)

mean
(2.5% IC, 97.5%IC)

Premature Deaths Avoided, All Cause

Total Premature Deaths

(2.57e7, 1.43e8)

(4.62e7, 2.56€8)

Short-Term PM25 7.70e6 1.39e7 2.31e7

Exposure (3.89€6, 1.22€7) (7.02e6, 2.20e7) (1.16e7, 3.65€7)

Long-Term PM25 5.28e7 9.48e7 1.56e8

Exposure (2.18e7, 1.31e8) (3.92e7, 2.34€8) (6.48e7, 3.84€8)
6.05e7 1.09e8 1.79e8

(7.64€7, 4.20e8)

Reduced Morbidi

ty Incidence

Short-Term PM_2.5 Exposure

Asthma Exacerbation,
Wheeze Asthma
Exacerbation, Cough

Asthma Exacerbation, 1.21e3 2.26e3 3.83e3

Shortness of Breath (-79.3,2.77e3) (-1.47e2, 5160.5) (-2.50e2, 8.75e3)
Lower Respiratory 6.17e2 1.15e3 1.94e3
Symptoms (2.49e2, 9.61e2) (4.64e2, 1.79e3) (7.87e2, 3.003e3)
Upper Respiratory 1.32e3 2.46e3 4.17e3
Symptoms (2.41e2, 2.38e3) (4.49e2, 4.44e3) (7.63e2, 7.55e3)
HA and ED Visits, 6.39e2 1.19e3 2.02e3

Asthma (-1.10e2, 1.65e3) (-2.05e2, 3.08e3) (-3.48e2, 5.21e3)

HA, All Respiratory

1.45¢4
(8.89€3, 1.91e4)

2.58e4
(1.58e4, 3.40e4)

4.24e4
(2.61e4, 5.58e4)

HA, All Cardiovascular

Total Short-Term PM2.5

(2.29e5, 4.70e5)

(4.12€5, 8.49¢5)

(less Myocardial 1.72e4 3.08¢e4 5.08e4
Infarctions) (1.14e4, 2.20e4) (2.07e4, 3.95e4) (3.45e4, 6.50e4)
2.30e4 4.10e4 6.73e4
HA, Ischemic Stroke (7.93e3, 4.56€e4) (1.42e4, 8.13e4) (2.33e4, 1.33e5)
Minor Restricted Activity | 3.17e4 5.77e4 9.59e4 (7.87¢e4,
Days (2.60e4, 3.74e4) (4.74e4, 6.80e4) 1.13e5)
5.76e4 1.05e5 (8.91e4, 1.74e5 (1.48e5,
Work Loss Days (4.89e4, 6.62e4) 1.21e5) 2.00eb)
Acute Myocardial 1.82e5 3.27¢e5 5.37e5
Infarction, Nonfatal (1.25e5, 2.72€eb) (2.24e5, 4.91eb) (3.67e5, 8.05e5)
3.30e5 5.94e5 9.79e5

(6.79e5, 1.40e6)

Long-Term PM2.

5 Exposure

Acute Bronchitis

8.73e3
(-2.20e3, 1.88e4)

1.60e4
(-4.11e3, 3.40e4)

2.67¢e4
(-7.02e3, 5.62e4)

Total Morbidity (PM2.5)

3.39e5
(2.26e5, 4.89¢b)

6.10e5
(4.08e5, 8.83e5)

1.01e6
(6.72€5, 1.45e6)

Total Valuation
(Mortality + Morbidity)

6.08e7

1.09e8

(2.59e7, 1.44e8)

(4.66€7, 2.57e8)

1.80e8
(7.71e7, 4.22¢8)
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Table S5. Comparing health impacts (long-term effects PM2.s mortality incident) between log-
linear and log-log supralinear CRF for 2035 scenarios.

Scenarios Linear CRF Supralinear CRF | Supralinear/Linear
2035-STDc 4181 6099 1.46
2035-STD1 7508 11273 1.50
2035-STD2 12388 19466 1.57

Datasets S1:

Ground-level PM2.5 measurements for 2018 were obtained from the U.S. Environmental
Protection Agency’s Air Quality System (https://www.epa.gov/outdoor-air-quality-data/). Satellite-
based aerosol optical depth (AOD) data retrieved by the Multi-angle Implementation of
Atmospheric Correction (MAIAC) algorithm at 1 km spatial resolution 41,42 based on the
Moderate Resolution Imaging Spectroradiometer (MODIS) were downloaded from NASA
Earthdata portal (https://search.earthdata.nasa.gov/).
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