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Text S1. The 2020 wildfire season in California

Initiated by an unusual dry lightning siege on August 16—17, the season began with rapid growth
and merging of numerous wildfire complexes (Lassman et al., 2023). Notable among these included the
August Complex in the Coast Range of Northern California, the SCU Lightning Complex and the LNU
Lightning Complex near the San Francisco Bay area, as well as the North Complex in Plumas and Butte
counties. This initial phase was followed by a series of megafires in early September, culminating when the
August Complex merged on September 9 to form the largest single wildfire in California’s recorded history
(CAL FIRE, 2020). Concurrently, a dry northeast wind event on September 89 drastically accelerated the
spread of the North Complex towards the southwest, marking it as the most destructive wildfire of the
season (CAL FIRE, 2020). Simultaneously, the Creek fire in the Sierras reached its peak intensity (Carreras-
Sospedra et al., 2024). Moreover, Northern California was affected by smoke transported from Portland,
Oregon around mid-September (Carreras-Sospedra et al., 2024; Lassman et al., 2023).

Throughout the 2020 California fire season, fires released approximately 1 million Mg of fine
particulate matter (PMas), exposing over half population to unhealthy air quality for a month or longer
(Safford et al., 2022). Additionally, NOy emissions from wildfires eroded the anthropogenic NOx emissions
reductions achieved during the COVID-19 lockdown, leading to higher statewide annual average NO,
levels (Jin et al., 2023).



Table S1. HO: uptake coefficient (¥ yo,) measured in previous laboratory and field studies.
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Table S2. Summary of FOAM inputs for base and two perturbation simulations derived from
various GEOS-Chem simulations.

GEOS-Chem output variables used
as inputs to FOAM
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(CH3COCH3), methanol (CH30OH),
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First-order
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rate

Calculated using CO decay and inversion of dilution equation: (Miiller et al., 2016)

ax

= = _kdil(X(t) - Xbackground)

*Note that our comparison includes only those fire plumes where aerosols are primarily contributed by
smoke, specifically where more than 80% of the PM> s mass is from smoke at a plume age of one hour. This
selection criterion ensures that the differences between the BASE NO RAD (or BASE NO_CHEM) and
BASE simulations are primarily attributed to fire-related aerosols.
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Figure S1. (a) Comparisons of 2020 GEOS-Chem simulations (yyo,= 0.2) and EPA AQS ground
measurements for O3 around local 1 PM. The shaded areas represent GEOS-Chem simulations, and the dots
indicate ground measurements. (b) Scatter plot of annual mean O3 from GEOS-Chem simulations versus
AQS observations.
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Figure S2. The relationship between the photolysis rate reduction (AJValues) for HONO, HCHO (CO +
2HO»), HCHO (H; + CO) and PM, s enhancement by fire (APM, s), derived from GEOS-Chem simulations
JValuesyo rire — JValuespasg

= , and APM;;s

JValuesno FIrE

represents PM, s mass concentrations between the BASE and NO_FIRE simulations (in units ug m™). The
purple lines are exponential curves for fitting the relationship between PM enhancement and photolysis rate
reduction.

over California region in September 2020. AJValues denote
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Figure S3. Aerosol effects on O3 concentrations as a function of plume age for fire pixels grouped by size.
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Figure S4. The overall fire impact and the two aerosol effects on O3 net production rate at 20:30 UTC for
all fire pixels in California during 2020, classified by PM enhancement and proximity to fire centers. The
colors red, green and orange depict the total fire impact, acrosol chemical effect and radiative effect,
respectively. Triangles and circles denote the near and far field, respectively, with error bars indicating

standard errors.
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Figure S5. Comparison of aerosol effects on O3 concentrations resolved in GEOS-Chem and in FOAM for
fire plumes of different scales. PM,s enhancement at plume age of one hour is used to approximately
categorize fire sizes: <50 ug m=, 50-100 ug m>, 100-200 ug m™ and >200 pg m™ for small, medium, large
and extreme fires, respectively. We include three plumes under each fire size category for comparison, each
labeled by the date of the plume. O3 simulations in FOAM are initiated with chemical concentrations,
meteorological parameters and dilution factors derived from GEOS-Chem. The blue lines indicate O;
concentrations from the base (with-fire) simulation, while the red, green and yellow lines represent changes
in O3 concentrations attributable to total fire effect, chemical effect and radiative effect, respectively. Solid
lines represent GEOS-Chem simulations, and dashed lines denote FOAM outputs. To streamline the
comparison between GEOS-Chem and FOAM amidst plume dispersions, we focus on the most probable
trajectory, selecting a single GEOS-Chem grid box with the highest particle concentrations for each plume
age.
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Figure S6. Sensitivity tests of aerosol effects across various fuel types in FOAM, with dilution rates
increased by (a) 10x and (b) 100x relative to the original dilution rate of 1/86400~1x107 s™.
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Figure S7. Dependence of aerosol chemical and radiative effects on NOx concentrations at 20:30 UTC
based on GEOS-Chem simulations. The analysis includes all fire pixels within identified plumes.
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Figure S8. Monthly-mean O3 photochemical regimes at 20:30 UTC over California, from July to December
2020 under the NO_FIRE scenario.
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Figure S9. Monthly-mean O3 photochemical regimes at 20:30 UTC over California, for July, November
and December, when fires are accounted.
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Figure S10. Daily O3 photochemical regimes at 20:30 UTC over California under the BASE scenario

(Yno,= 0.2), from September 8-10.
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Figure S11. Sensitivity tests of total fire effects and aerosol effects on O3 concentrations (a, ¢, €) and O3
net production rate (b, d, f) at 20:30 UTC for fire pixels of different sizes in both near and far field. Panels
(a) and (b) use yyo, of 0.1 and include all 470 plumes from September 2020. Panels (¢) and (d) use a
lower yy, value of 0.02, based on all September plumes. Panels (e) and (f) are based on adjusted GFED
emissions and include 1347 plumes identified between July and December 2020.
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Figure S12. Monthly-mean Oz photochemical regimes at 20:30 UTC over California for September 2020,
under the BASE scenario with (a) yx0,= 0.1 and (b) yx0,= 0.02.
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Figure S13. Monthly-mean O; photochemical regimes at 20:30 UTC over California, from July to
December 2020 under the BASE scenario (yy0,= 0.2), but with biomass burning emissions adjusted for
each month based on GEOS-Chem simulations vs. ground observations. The ratios of GEOS-Chem to EPA
AQS PM: s measurements from July to December (approximately 0.6, 1.2, 4.1, 2.4, 1.4 and 0.9) are used
to scale the monthly biomass burning emissions in GEOS-Chem.
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Figure S14. (a) the average fractional contribution of the four HOx termination terms to the total; (b) the
probability distribution of grid boxes across different regimes, at various PM»s concentration levels,
focusing exclusively on fire-affected grid boxes. Data are derived from hourly simulations at 20:30 UTC
in California during September, with y0,= 0.1. Fire-affected grid boxes are selected based on APM,s >
10 pg m>,
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