Methodology

Two separate temperature perturbations are examined to study both near- and long-term
effects of climate change on air quality. Temperature increases of 1 °C and 3 °C are considered
as separate perturbation scenarios so that the effect of temperature on air quality can be analyzed
in detail. Changes to temperature are applied uniformly across the model domain for all times of
day and week. The magnitude of the temperature perturbations for both the LTEMP and HTEMP
cases are in harmony with several climate studies. An early regional climate modeling study by
Snyder et al. (2002) found temperature increases of 1.4 °C — 3.8 °C across California under 2 x
CO; conditions. Another regional study by Hayhoe et al. (2004) examined a range of potential
future climates in California and indicated mid-century (2020-2049) and end-of-century (2070-
2099) summer temperature increases of 1.2 °C — 1.4 °C and 2.15 °C — 4.1 °C, respectively.
These climate projections were based on the lowest and highest Intergovernmental Panel on
Climate Change (IPCC) emissions pathways utilizing the low sensitivity Parallel Climate Model
(PCM). The mid-century temperature increases projected by Hayhoe et al. (2004) are consistent
with results from Zhao et al. (2011b) who showed a summertime temperature rise of 1.5 K over
inland portions of California, with slightly lower increases over the neighboring Pacific Ocean
for the years 2047-2053. Using an ensemble of 15 global climate models and a doubled CO,
scenario, Coquard et al. (2004) showed model-averaged temperature increases of 2.5 K—-2.8 K
over the Western United States during the warm season (June to October). Overall, both global
and regional studies for a doubled CO, atmosphere indicate temperature increases in the 2°C —
3°C range over the western United States, with increases as high as 3.8 °C in California (Steiner
et al., 2006). In addition to the temperature dependence of chemical reaction rates in the model,

high temperatures favor the decomposition of PAN, increasing NOx, an important ozone



precursor (Carreras-Sospedra et al. 2006). The partitioning of species into the aerosol phase is
also temperature dependent due to changes in volatility. In order to isolate the effect of
temperature increases on atmospheric chemistry processes, changes in anthropogenic emissions
and other meteorological variables typically associated with higher temperatures such as sunny
skies, stagnation, or changes in mixing depth are not considered in the temperature perturbation
scenarios. This is the same approach used for temperature perturbation scenarios in other
regional air quality modeling studies (Aw and Kleeman, 2003; Steiner et al., 2006; Kleeman,
2008; Millstein and Harley, 2009). Therefore, the temperature only perturbation scenarios
represent a lower limit for the impact of increasing temperatures on air quality.

The approach for perturbations to absolute humidity is based on the assumption that
relative humidity will remain approximately constant in the future climate. This is the same
approach used by many other model perturbation analyses for southern California (Aw and
Kleeman, 2003; Steiner et al., 2006; Millstein and Harley, 2009). Absolute humidity values are
increased in accordance with an assumed temperature increase of 3 °C. First, the relative
humidity is calculated at the base case temperature and absolute humidity values for each
computational cell in the model at each hour of day. Then, holding the relative humidity
constant, the new (perturbed) values of absolute humidity are calculated based on the new
(increased) temperature values. Although the increase in absolute humidity is based on the
increase in temperature, perturbations to absolute humidity are considered separately from
increases to temperature and other meteorological variables in the HUMID scenario. In this
scenario, both absolute and relative humidity increase while temperature values remain equal to

those of the base case. In contrast, the scenarios that combine the HTEMP and HUMID



perturbations include increases to both temperature and absolute humidity such that the relative
humidity remains the same as in the base case.

Perturbations to biogenic emissions of isoprene were also considered as a separate case.
While biogenic emissions of isoprene are sensitive to both temperature and light, increases here
are based on a temperature increase of 3 °C. Emissions of isoprene are observed to increase
exponentially with leaf temperatures less than 30 °C, and continue to increase with increasing
temperature until saturation at temperatures above 40 °C (Guenther et al., 1993). The average
increase in isoprene emissions used in this study is 60%, based on base case model temperature
values and a temperature increase of +3 °C in the future climate. Three studies reviewed by
Guenther et al. (20006) that examine the response of isoprene emissions to potential future climate
scenarios predicted a 35% to 70% increase in isoprene emissions associated with increased
temperatures. It is noted that the increase in isoprene emissions associated with future climate
change is highly dependent on the model and scenario utilized; see Guenther et al. (2006) for
further details. In BT O scenario, only biogenic emissions are increased while all other
meteorological variables remained unchanged from the base case, isolating the effects of
increased biogenic isoprene emissions on air quality.

Changes in global climate and emissions also influence boundary conditions through
changes in the background concentrations of different chemical species. Therefore, the impact of
perturbing boundary conditions at the western inflow is examined in the BC scenario. The
presence of strong sea-breeze effects in the SOCAB results in a predominant wind direction of
northeast, transporting air parcels inland from the Pacific Ocean. Therefore, only boundary
conditions along the western edge of the domain are perturbed in the BC scenario, while the

boundary conditions for all other (North, South, and East) sides remain unchanged from base



case levels. Early studies by Vingarzan (2004) and Ebi and McGregor (2008) predicted that
surface ozone background concentrations will reach at least 60 ppb by the years 2050-2060. A
more recent study by Brown-Steiner and Hess (2011) examined the influence of Asian emissions
on surface ozone concentrations in the United States. They reported that seasonally averaged
ozone mixing ratios in the boundary layer for the Western United States are in the 63.6 + 8.4 ppb
range for JJA. Several modeling studies have examined the impact of changes in the background
concentration or boundary conditions for a variety of species on air quality in California (Steiner
et al., 2006; Kleeman, 2008; Millstein and Harley, 2009). Steiner et al. (2006) estimated a 30%
increase in ozone concentrations (30 ppb to 40 ppb) at the western inflow for the year 2050
based upon contributions from both an increase in global background ozone and ozone reaching
the Pacific coast from Asian emissions. Steiner et al. (2006) also increased western boundary
conditions for CO from 80 ppb to 104 ppb (a 30% increase) but held NO and NO, at 1 ppb for
both the base case and perturbation scenario as this value is already considered to be a large
amount of NOx entering the domain. Millstein and Harley (2009) utilized a 30% increase in
ozone and CO boundary conditions at the western boundary for California following Steiner et
al. (2006). Kleeman (2008) used boundary conditions of O3, CO, NO, and NO; of 30 ppb, 200
ppb, 1 ppb, and 1 ppb, respectively, for the California study domain. Although a boundary
condition perturbation scenario was not considered, Kleeman (2008) evaluated the impact of
increasing background ozone concentrations from 30 ppb to 60 ppb based on long-term O; trends
and predictions for the next 50 to 100 years. In the present study, western inflow boundary
conditions of ozone are increased from 40 ppb in the base case to 55 ppb in the BC scenario,
representing an approximate 30% increase as suggested by Steiner et al. (2006) and Millstein and

Harley (2009). This level of ozone entering the domain is in line with both global and regional



studies that suggested surface ozone background concentrations will be in the 60 ppb range by
midcentury (Vingarzan, 2004; Ebi and McGregor, 2008; Kleeman, 2008; Brown-Steiner and
Hess, 2011). Western boundary conditions of NO and NO, are increased from 0.3 ppb and 0.5
ppb in the base case to 1 ppb and 1 ppb in the BC scenario to be in line with Steiner et al. (2006)
and Kleeman (2008). The chosen boundary conditions for NOx represent an upper limit to those
expected to occur in the future. Boundary conditions for CO are held constant at 120 ppb for all
model runs. This value falls between that used by Steiner et al. (2006) and Kleeman (2007).

In addition to considering all perturbations separately to isolate the effects of each
individual parameter, various combinations of the described perturbations were also considered
to gain insight into the influence of future meteorological conditions on ozone, PM, and SOA
concentrations. For example, increased temperatures, increased absolute humidity (such that
relative humidity remains constant), and increased biogenic emissions of isoprene were
considered together in the HTEMP+HUMID+BIO scenario for a combined climate change effect.
Adding to this scenario expected future changes in anthropogenic emissions for the year 2023
and changes in western boundary conditions due to long range transport from Asia results in the
HTEMP+HUMID+BIO+BC scenario. This scenario considers all perturbations simultaneously
and provides a comprehensive assessment of future air quality in the SOCAB. Due to the
nonlinearity of air pollution dynamics and the competing and compounding effects of these
perturbations, consideration of different combinations of the perturbations is essential to
understand the sensitivity of pollutant concentrations to climate change.

There are several different forms available to visualize data and report results from model
runs that are described briefly here. Output data for each perturbation scenario is compared to the

base case that uses the same emissions inventory and is presented in a variety of tables and



figures to illustrate the impacts of climate change on air quality for different spatial and temporal
scales. Tables of results allow for concise quantitative presentation of output data and are
presented on a domain wide average basis as well as at key individual locations within the
domain. Domain wide averages are calculated by averaging the concentration of the given
pollutant for all computational cells in the domain and provide a single number representing the
overall effect of a perturbation scenario on regional air quality. On the other hand, examination
of peak pollutant concentrations at select individual locations provides insight into the sensitivity
of pollutant formation to the variety of different microclimates found within the SOCAB. Data in
all tables are shown for 16:00 h (4:00pm) local time (LT), the time of day when ozone
concentrations are typically at a maximum. Although PM concentrations typically peak during
the early morning hours, the largest changes in PM and SOA concentrations occur during the
afternoon hours. In addition to the tables of quantitative data, delta contour plots that encompass
the entire domain are generated on two different timescales for graphical representation of
changes in the ground-level concentration of a specific species for a perturbation scenario versus
the base case. The contour plots generated at 16:00 h LT show changes in the peak one-hour
average concentration for the chosen species and perturbation scenario and are included to
supplement data presented in the aforementioned tables. The 24-hour average delta contour plots,
which average the change in concentration of a particular species for the entire day of simulation,
provide another look at the overall impact of a perturbation on regional air quality. Thus, while
domain wide average values presented in the form of tables are spatially averaged values at a
specific time of day, 24-hour average delta contour plots are temporally averaged values
presented graphically for all locations in the domain. Both examine the average, overall effect of

the specified perturbation scenario on pollutant concentrations for the entire domain. These 24-



hour average contours capture both daytime and nighttime influences on changes in pollutant
concentrations, an important consideration for ozone and other pollutants whose concentrations
are governed by photochemical processes. Concentration data in both the tables and the figures is

presented for the bottom layer of the modeling domain, representative of ground level.

Table S1
Total domain-wide anthropogenic emissions (tons/day) for key precursor species in the 2005 and
controlled 2023 emissions inventories used in this study.

Species 2005 Emissions 2023 Emissions
(6{0) 4082.1 2350.6
HCHO 19.7 10.2
NH; 165.4 166.6
NO 622.1 182.0
NO; 108.4 31.1

SO, 86.7 27.8




Results

Table S2

Domain wide averages at 16:00h LT using 2005 emissions. Base case levels shown in top row. Difference
and percent difference in concentration between the specified perturbation scenario and the base case
shown in bottom rows. Positive values represent increases in concentration with respect to the base case.
The dash (--) indicates that the difference is less than the number of significant figures shown (i.e., less
than 0.1 change from base case levels).

Os (ppb)  PMyg (ug/m®)  PMys (ug/m’)  SOA (pg/m’)

Base Case 93 49 34 4.1
LTEMP 3.1, 3.3% -0.9,-1.9% -0.7,-2.1% -0.3,-6.7%
HTEMP 9.0, 9.7% -2.9,-5.9% -2.2,-6.5% -0.8,-20.0%
HUMID 1.0, 1.1% 0.4, 0.9% 0.3, 1.0% 0.1, 3.2%
BIO 1.2, 1.3% -- -- --

HTEMP+HUMID 10.6,11.4% -2.4,-4.9% -1.8,-5.2% -0.7,-17.2%
HTEMP+BIO 10.3,11.1% -2.8,-5.8% -2.1,-6.3% -0.8,-19.2%
HTEMP+HUMID+BIO 11.8,12.7% -2.4,-4.8% -1.8,-5.2% -0.7,-16.4%
BC 4.5, 4.8% 0.3, 0.7% 0.2, 0.5% --

HTEMP+HUMID+BIO+BC 16.6, 17.8% -2.0,-4.1% -1.5,-4.5% -0.6,-15.5%

Table S3

PM, 5 concentration (ug/m°) for select locations at 16:00h LT using 2023 emissions. Base case levels
shown in top row. Difference and percent difference in PM, 5 concentration between the specified
perturbation scenario and the base case shown in bottom rows. Positive values represent increases in
concentration with respect to the base case. The dash (--) indicates that the difference is less than the
number of significant figures shown (i.e., less than 0.1 change from base case levels).

Los Angeles  Riverside Anaheim Pomona Newhall Long Beach
Base Case PM;s 26 40 23 70 30 30
LTEMP -04, -1.7% -1.0, -25% -04, -1.7% -1.1, -1.5% -0.7, -23% -0.1, -0.2%
HTEMP -0.8, -3.0% -2.6, -6.5% -0.5, -2.1% -6.3, -9.0% -1.4, -48% -04, -1.3%
HUMID 0.1, 05% 05, 1.1% - 18, 25% -0.1, -05% 0.2, 0.8%
BIO -- -0.1, -02% -0.3, -1.1% - -04, -1.3% -0.1, -0.3%
HTEMP+HUMID -0.6, -22% -2.3, -5.8% -0.5, -2.0% -4.3, -6.1% -1.3, -4.3% -0.1, -0.4%
HTEMP+BIO -1.0, -3.6% -2.8, -7.1% -0.6, -25% -4.3, -6.1% -1.5, -5.1% -0.4, -1.4%
HTEMP+HUMID+BIO -0.7, -25% -25, -6.2% -0.7, -3.0% -4.1, -5.9% -15, -5.1% -0.2, -0.6%
BC 03, 1.0% 0.5, 1.3% - 04, 05% 05, 1.8% 04, 1.4%

HTEMP+HUMID+BIO+BC -0.3, -1.3% -2.6, -6.5% -- -45, -6.4% -0.9, -29% 0.5, 1.8%




Table S4

PMS, 5 concentration (ug/m®) for select locations at 16:00h LT using 2005 emissions. Base case levels
shown in top row. Difference and percent difference in PM, 5 concentration between the specified

perturbation scenario and the base case shown in bottom rows. Positive values represent increases in
concentration with respect to the base case. The dash (--) indicates that the difference is less than the
number of significant figures shown (i.e., less than 0.1 change from base case levels).

Los Angeles  Riverside Anaheim Pomona Newhall Long Beach
Base Case PM, 5 28 56 25 72 39 23
LTEMP 0.2, 09% -2.2, -39% -04, -1.8% -1.7, -24% -0.8, -2.1% -0.1, -0.4%
HTEMP -0.9, -32% -43, -7.7% -1.1, -45% -4.5, -6.2% -3.1, -8.0% -0.2, -0.8%
HUMID 08, 29% 04, 08% 03, 1.2% 0.1, 01% 10, 26% 0.6, 2.8%
BIO 03, 1.1% 0.9, 1.6% -- -0.5, -0.6% 0.3, 0.8% 0.4, 1.6%
HTEMP+HUMID -0.1, -0.3% -4.1, -7.4% -0.6, -25% -4.3, -6.0% -2.5, -6.5% -0.2, -1.0%
HTEMP+BIO -0.8, -3.0% -4.7, -84% -0.9, -3.8% -4.1, -5.7% -3.0, -7.7% -0.4, -1.9%
HTEMP+HUMID+BIO -0.7, -227% -4.1, -7.3% -0.7, -2.8% -4.3, -6.0% -2.4, -6.2% -0.2, -0.9%
BC 09, 33% 09, 16% 06, 24% -04, -05% 0.9, 22% 1.1, 4.9%
HTEMP+HUMID+BIO+BC -0.1, -0.5% -3.2, -5.8% -- -4.3, -6.0% -1.4, -3.6% 1.0, 4.3%
Table S5

PM, concentration (ug/m°) for select locations at 16:00h LT using 2005 emissions: Base case levels
shown in top row. Difference and percent difference in PM;, concentration between the specified

perturbation scenario and the base case shown in bottom rows. Positive values represent increases in
concentration with respect to the base case. The dash (--) indicates that the difference is less than the
number of significant figures shown (i.e., less than 0.1 change from base case levels).

Los Angeles  Riverside Anaheim Pomona Newhall Long Beach
Base Case PMyg 33 96 32 96 66 29
LTEMP 03, 08% -1.7, -1.8% -0.3, -0.8% -15, -1.5% -1.1, -1.7% --
HTEMP -0.9, -26% -54, -56% -1.0, -3.2% -4.8, -5.0% -4.7, -7.1% -0.1, -0.2%
HUMID 09, 26% 14, 15% 04, 1.2% 03, 03% 13, 19% 0.7, 2.3%
BIO 03, 1.0% 14, 15% 0.1, 03% -0.3, -0.3% -0.8, -1.2% 0.4, 1.4%
HTEMP+HUMID -- 4.2, -44% -05, -1.7% -4.0, -4.1% -4.2, -6.3% -0.1, -0.2%
HTEMP+BIO -0.8, -24% -5.5, -5.8% -0.8, -2.6% -4.4, -46% -4.4, -6.7% -0.3, -1.1%
HTEMP+HUMID+BIO -0.6, -1.9% -44, -46% -0.5, -1.7% -4.0, -4.2% -4.0, -6.0% -0.1, -0.3%
BC 10, 28% 1.0, 1.0% 09, 28% -0.1, -01% 1.8, 28% 1.3, 4.4%
HTEMP+HUMID+BIO+BC -- -34, -36% 0.2, 0.7% -3.9, -4.0% -25, -3.7% 1.3, 4.7%




Table S6

SOA concentration (ug/m°) for select locations at 16:00h LT using 2005 emissions. Base case levels
shown in top row. Difference and percent difference in SOA concentration between the specified

perturbation scenario and the base case shown in bottom rows. Positive values represent increases in
concentration with respect to the base case. The dash (--) indicates that the difference is less than the
number of significant figures shown (i.e., less than 0.1 change from base case levels).

Los Angeles Riverside Anaheim Pomona Newhall Long Beach
Base Case SOA 2.6 11.0 1.3 9.2 6.0 0.7
LTEMP -0.2, -6.6% -0.7, -6.5% -0.1, -44% -05, -51% -0.3, -5.6% -
HTEMP -0.5,-17.6% -2.3,-20.8% -0.2,-16.2% -1.6,-17.0% -1.2,-19.5% -0.1,-19.6%
HUMID 0.1, 5.7% 0.3, 2.8% - 0.4, 4.1% 0.1, 1.1% -
BIO - -- - -- - -
HTEMP+HUMID -0.3,-122% -2.0,-185% -0.1,-10.4% -1.2,-13.0% -1.0,-17.3% -0.1,-14.6%
HTEMP+BIO -0.5,-17.7% -2.3,-20.7% -0.2,-15.7% -15,-165% -1.0,-16.6% -0.1,-18.8%
HTEMP+HUMID+BIO -0.3,-12.4% -2.0,-18.2% -0.1, -9.1% -1.2,-131% -1.0,-15.9% -0.1,-15.6%
BC - 0.2, 2.0% - 0.1, 0.6% 0.2, 41% -
HTEMP+HUMID+BIO+BC -0.3, -9.7% -1.9,-16.8% -0.1, -6.4% -1.1,-124% -1.0,-16.2% -0.1, -12.4%

1
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Figure S1: Differences between future and base case afternoon nitrate (NO3) PMy, concentrations
(ng/m°) at 16:00 h in the BIO scenario when using 2023 emissions. Positive values represent increases in
concentration with respect to the base case.
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Figure S2: Relative changes in domain wide average concentrations of (a) ozone and (b) PM,, and SOA for each
perturbation scenario in both emissions cases. Colored bars represent the average percentage change in
concentration over 24-hours for the entire domain. Error bars indicate one standard deviation above or below the
mean. Positive values represent increases in concentration with respect to the base case.
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