Supplemental Materials
S.1 4 km Domain Performance Evaluation

A performance evaluation for the 4 km domain isanailable within the cited EPA document

so we conducted a brief evaluation of the metriasterest, specifically the daily maximum 8 hr
ozone and the 24 hr average PM2.5 using measursmewte at a single monitor within each
domain. The monitor was selected based on proxitaitile major city within each of the

regions characterized as urban areas and avaitaddsurements of both ozone and PM2.5.
Within the two rural areas, there was only one rnaoreach, and that monitor only measured one
of the two pollutants (PM2.5 is measured in thalrMirginia region and ozone is measured in

the rural New York region).

We calculated the Mean Normalized Gross Error (MN&#kd Mean Normalized Bias (MNB)
for each of the pollutants of interest, in eachargnodeled at each resolution using Eq. 1 and

EqQ. 2 respectively.
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Results are presented in Table S.1. Ozone biasranddecrease as resolution increases for all
regions except for New York City (and a small chanmgerror in New York State. In the case of
PM2.5, model performance with respect to thesenetrics does not follow a clear pattern with
respect to model resolution. PM2.5 performancedsse at 4 km in Boston and Houston but

better in New York City, Western Pennsylvania andjMia.
S.2  Concentrations Changes over Atlanta

Maps showing the difference between 2014 and 2@@% chaximum 8 h ozone concentrations
averaged for the ozone season (top row) and tfereiifce between 2014 and 2005 annual
average PM2.5 (bottom row) over Atlanta, New Yorky@nd Rural New York are presented in

Supplemental Information Figures S-1,2&3 respedtive



S.3  Average Population-Weighted Concentrations — Mieling Results Analysis by

Resolution

With the exception of Boston, the differences ioma production in large cities (areas
associated with large and heterogeneous populdénsity: Atlanta, Boston, Washington DC,
Detroit, Houston, and New York City) are more séwsito model resolution than ozone
production in areas with smaller and more homogesi@opulation densities (New York,
Western Pennsylvania and Virginia), as shown inufeds.4. Population weighted ozone results
modeled at 12 km resolution are similar to 4 knohatson for each of the nine regions. Coarse
resolution modeling (36 km) allows for maximum chstmy over the largely population areas by
including more emissions sources, which are assyedature of the Eulerian modeling
process) to be perfectly mixed. Maximum chemisayses the model to estimate the largest
decrease due to the control policy. In the fin@lkgton modeling (12 and 4 km), emissions of
o0zone precursors that are released in areas oploighlation density (NOx from vehicles for
example) are transported to areas of less popnldgasity before they are well mixed with

VOCs in order to form ozone.

Interpretation of the change in population-weight&dl PV, sconcentration is complicated
because, unlike ozone, which is only one speciglsisinade up of many different species.
Some PM species are secondary species (similaoiwed and therefore their production may be
enhanced by large, perfectly mixed grid cells cimmg many emissions sources. Particulate
sulfate and nitrate are some examples of thesendacpPM species. Emissions of nitrogen
oxides and sulfur dioxide react with ammonium ie #tmosphere to form particulates. These
reactions are likely to be maximized (and theretbeimpacts of emissions reductions
maximized) in coarse resolution models. While gastern of secondary PMoccurs in Atlanta,
as shown in Figure S.5 below, it does not occuileely in New York City or Rural New York.

This is in contrast to primary PM species whergria resolution modeling, direct emissions are
diluted less than in coarse resolution modelingré&fore decreases in emissions of primary PM
will lead to larger decreases in the concentratioiihose primary PM species when the model
resolution is finer. This hypothesis is supportgdrigure S.5 below showing the population
weighted concentration changes of primary and ssryrPM sindividually. However, changes

to population weighted concentrations of seconédly s show no clear pattern with respect to



resolution. Since secondary Rdominates the impact, it also dominates the responhtotal

PM s to resolution.

The combined impact of primary and secondary speni®M modeling is the reason why there
is no clear pattern emerging in the population Wiid concentrations of PMMwhen estimated

using three different model resolutions, as shawRigure S.6.
S.4  Mortality Impacts by Region: Modeling Results ly Resolution
S.4.1 Boston

Boston mortality impacts show little variability lbgsolution for each species. Changes in
mortality due to changing concentrations of ozome BM, sestimated using coarse scale
modeling results are 2% larger and 8% smaller gty than corresponding finer scale

estimations as shown in Figures S.7 a and b.
S.4.2 Washington DC

The change in mortality due to changes in ozoneutated using a 36 km model resolution are
40% larger than the change in ozone mortality edohusing 12 km resolution modeling. For
PM, s, the difference in the mortality changes due to ¢dvicentration changes is 3% larger
using 36 km results versus 12 km results, and Grif#ler versus 4 km results. These results are

shown in Figure S.8 a and b.
S.4.3 Detroit

Detroit, similar to Houston and New York City, shesviarge sensitivity to resolution when
estimating ozone mortality. The point estimatedweoided ozone mortality obtained using 36 km
modeling resolution results fell outside the ureietly range of the finer resolution mortality
results. This finding indicates that modeling ozboenan health impacts in Detroit at coarse
scale resolution has the potential to over-estirhatesfits associated with reductions by 100%.

In Detroit the changes in mortality due to Pd@missions changes calculated using coarse scale
modeling are 10% smaller than results calculat@uyuer scale modeling. Detroit mortality

results are shown in Figs. S.9 a and b.

S.4.4 Houston



Houston, similar to Detroit and New York City, sh®large sensitivity to resolution when
estimating ozone mortality. The point estimatedweoided ozone mortality obtained using 36 km
modeling resolution results fell outside the uraietly range of the finer resolution mortality
results. This finding indicates that modeling ozboenan health impacts in Houston at coarse
scale resolution could severely over-estimate benafsociated with reductions (in this study,
36 km mortality benefits were nine times largemthanefits estimated using finer scale results).
PM, shealth benefits calculated using 36 km modelingltesvere at most 8% larger than
results calculated using finer scale modeling. Hmusnortality results, consistent with previous

findings (Thompson and Selin, 2012) are shown gsF5.10 a and b.
S.4.5 New York State

Mortality changes calculated in a rural area of Néwk State show low sensitivity to model
resolution for both ozone and BMas shown in Figs. S.11 a and b. Changes in mgrtale to
changes in concentrations estimated using 36 knehmgdresults were 9% larger than benefits
estimate using finer scale modeling results fomezdlortality changes due to changes in,BM
concentrations estimated using 36 km modeling tesvére and 7% larger than 12 km results
and 9% smaller than 4 km results.

S.4.6 New York City

New York City, like Detroit and Houston, shows largensitivity to resolution when estimating
ozone mortality. The point estimate for avoidedrazmortality obtained using 36 km modeling
resolution results fell outside the uncertaintygauwof the finer resolution mortality results. This
finding indicates that modeling ozone human heatacts in New York City at coarse scale
resolution could potentially over-estimate benedisociated with reductions by 250%.
Mortality point estimates from PMin New York City are at most 7% smaller when cadoed
using coarse scale modeling versus fine scale nmogddlortality results for New York City as

shown in Figs. S.12 a and b.
S.4.7 Western Pennsylvania

Mortality changes calculated for Western Pennsybvahow low sensitivity to model resolution
for both ozone and PM as shown in Figs. S.13 a and b. Human health herstimated using



36 km modeling results were 14% and 3% larger Hearefits estimate using finer scale

modeling results for ozone and R Mespectively.
S.4.8 Virginia

Mortality changes calculated for rural Virginia shtow sensitivity to model resolution for both
ozone and Pl as shown in Figs. S.14. a and b. Human healthfitgestimated using 36 km
modeling results were 1% and 6% larger than bemesitimated using finer scale modeling

results for ozone and PMrespectively.
S.4.9. Eastern US

Mortality changes calculated for ozone and PM2r3He entire Eastern US are shown in Figs.
S.15. a and b. Human health benefits estimatedy@irkm modeling results (12 km versus 36
km resolution only) due to reductions in 0zone20% larger when estimated using 36 km
model resolution versus 12 km resolution. For PABe benefits estimated using 36 km model
resolution are 4% larger than those estimated &nifesolution. Similar to results presented by
Punger and West (2013), we show larger impacts wieaith results are calculated using 36 km
modeling results versus 12 km modeling resultsh@lgh the results were similar, results
presented here indicated a stronger impact ofusalon ozone health estimations and a
weaker impact of resolution on PM2.5 health estiomst The differences between the two
studies could be attributed to differences betwbermetrics evaluated (health impacts of
pollutant control strategies versus health burdeontal modeled concentrations) and warrants

further study.

Table S.1 Model Mean Normalized Bias and Mean Normalized<srError for Ozone and

PM2.5 at a single monitor location in each of tireerregions evaluated.

MNB MNGE
Ozone 36 km 12 km 4 km 36 km 12 km 4 km
Atlanta 32% 22% 15% 39% 27% 24%
Boston -36% -18% -17% 42% 29% 26%
Washington DC -25% -3% 0% 29% 19% 18%
Detroit -36% -22% -18% 39% 29% 27%
Houston -20% -8% -6% 40% 31% 29%
New York State -9% -8% -7% 16% 17% 17%




New York City -27% -19% -25% 35% 29% 33%

Western Pennsylvania -21% -17% -13% 24% 22% 21%
Virginia Not Available Not Available
MNB MNGE

PM2.5 36 km 12 km 4 km 36 km 12 km 4 km
Atlanta -55% -32% -41% 66% 52% 58%
Boston -65% -82% -104% 102% 111% 130%
Washington DC 8% -2% -7% 51% 51% 52%
Detroit -5% 5% -3% 48% 43% 47%
Houston 21% 6% -26% 42% 42% 53%
New York State Not Available Not Available

New York City -68% -58% -51% 76% 68% 62%
Western Pennsylvania 18% 22% 17% 41% 40% 40%
Virginia -25% -33% -27% 49% 49% 45%
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Figure S.1.Maps showing changes to concentration at thréerdiit resolutions, of the average
over the ozone season of the daily maximum 8-heeragged ozone concentration over Atlanta
(ppb - top row), and the annual average;Btbncentration over Atlanta (ug/m3 — bottom row).
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Figure S.2.Maps showing changes to concentration at thréerdiit resolutions, of the average
over the ozone season of the daily maximum 8-heerragged ozone concentration over Rural
New York (ppb - top row), and the annual average Rddncentration over Rural New York
(ug/m3 — bottom row).
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Figure S.3.Maps showing changes to concentration at thréerdiit resolutions, of the average
over the ozone season of the daily maximum 8-heeraged ozone concentration over New
Jersey/New York City (ppb - top row), and the anrav&rage PMsconcentration over New
Jersey/New York City (ug/m3 — bottom row).
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Figure S.4.Change in population weighted daily maximum 8\&raged ozone concentration
averaged over the ozone season calculated usinlgsresodeled at three resolutions in each of

nine regions.
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Figure S.5.Change in population weighted annual averageddyimnd Secondary PM
concentrations calculated using results modeldlaraé resolutions in Atlanta, New York City
and Rural New York.
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Figure S.6.Change in population weighted annual average fe@hcentration calculated using
results modeled at three resolutions in each @& regions.
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Figure S.7. a.Mortalities avoided in Boston due to changes iong&zconcentrations between the
2005 base case and the 2014 control case for eagél mesolution (red = 36 km, green = 12 km,
blue = 4 km), calculated using eight different camication response functions. The right most
result by Jerrett et al. (2009) estimates for lterga effects of ozone exposure. All other ozone
results represent short-term effectsMortalities avoided due to changes in PV

concentrations between the 2005 base case an@1idec@ntrol case for each model resolution
(red = 36 km, green = 12 km, blue = 4 km), calmdausing three different concentration
response functions. All PMcrf functions represent estimates for long-terne@ of PM 5

exposure.
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Figure S.8. a.Mortalities avoided in Washington DC due to chanigeozone concentrations

between the 2005 base case and the 2014 conteofarasach model resolution (red = 36 km,

green = 12 km, blue = 4 km), calculated using edlifierent concentration response functions.

The right most result by Jerrett et al. (2009)meates for long-term effects of ozone exposure.

All other ozone results represent short-term estdctMortalities avoided due to changes in

PM, 5 concentrations between the 2005 base case a2fdidecontrol case for each model

resolution (red = 36 km, green = 12 km, blue = 4 kealculated using three different

concentration response functions. All Pjdrf functions represent estimates for long-term

effects of PM sexposure.
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Figure S.9. a.Mortalities avoided in Detroit due to changes moiwe concentrations between the
2005 base case and the 2014 control case for eagél mesolution (red = 36 km, green = 12 km,
blue = 4 km), calculated using eight different camication response functions. The right most
result by Jerrett et al. (2009) estimates for lterga effects of ozone exposure. All other ozone
results represent short-term effedts.Mortalities avoided due to changes in £\
concentrations between the 2005 base case an@1iHec@ntrol case for each model resolution
(red = 36 km, green = 12 km, blue = 4 km), calmdausing three different concentration
response functions. All PMcrf functions represent estimates for long-terne@ of PM 5

exposure.
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Figure S.10. aMortalities avoided in Houston due to changeszong concentrations between
the 2005 base case and the 2014 control casedomeadel resolution (red = 36 km, green = 12
km, blue = 4 km), calculated using eight differeahcentration response functions. The right
most result by Jerrett et al. (2009) estimatesdiog-term effects of ozone exposure. All other
ozone results represent short-term effebtsMortalities avoided due to changes in M
concentrations between the 2005 base case an@1idec@ntrol case for each model resolution
(red = 36 km, green = 12 km, blue = 4 km), calmdausing three different concentration
response functions. All PMcrf functions represent estimates for long-terne@ of PM 5
exposure.
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Figure S.11. aMortalities avoided in New York State due to ches@ ozone concentrations
between the 2005 base case and the 2014 conteofarasach model resolution (red = 36 km,
green = 12 km, blue = 4 km), calculated using edlifierent concentration response functions.
The right most result by Jerrett et al. (2009)meates for long-term effects of ozone exposure.
All other ozone results represent short-term e$fdctMortalities avoided due to changes in
PM, s concentrations between the 2005 base case a2 idecontrol case for each model
resolution (red = 36 km, green = 12 km, blue = 4 kealculated using three different
concentration response functions. All Pjdrf functions represent estimates for long-term

effects of PM sexposure.
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Figure S.12. aMortalities avoided in New York City due to chasge 0zone concentrations
between the 2005 base case and the 2014 conteofarasach model resolution (red = 36 km,
green = 12 km, blue = 4 km), calculated using edlifierent concentration response functions.
The right most result by Jerrett et al. (2009)meates for long-term effects of ozone exposure.
All other ozone results represent short-term estdxctMortalities avoided due to changes in
PM, s concentrations between the 2005 base case a2 idecontrol case for each model
resolution (red = 36 km, green = 12 km, blue = 4 kealculated using three different
concentration response functions. All Pjdrf functions represent estimates for long-term

effects of PM sexposure.
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Figure S.13. a Mortalities avoided in Western Pennsylvania duehtanges in ozone
concentrations between the 2005 base case an@1idec@ntrol case for each model resolution
(red = 36 km, green = 12 km, blue = 4 km), cal@daising eight different concentration
response functions. The right most result by Jeetedl. (2009) estimates for long-term effects
of ozone exposure. All other ozone results repitestaort-term effectd. Mortalities avoided
due to changes in PM concentrations between the 2005 base case a2 idecontrol case for
each model resolution (red = 36 km, green = 12ioe = 4 km), calculated using three
different concentration response functions. All RNtf functions represent estimates for long-

term effects of PMsexposure.
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Figure S.14. a Mortalities avoided due to changes in ozone cotmagons between the 2005

base case and the 2014 control case for each mesbdlition (red = 36 km, green = 12 km, blue

= 4 km), calculated using eight different concetraresponse functions. The right most result

by Jerrett et al. (2009) estimates for long-terfea$ of ozone exposure. All other ozone results

represent short-term effectb. Mortalities avoided due to changes in PMoncentrations

between the 2005 base case and the 2014 conteofarasach model resolution (red = 36 km,

green = 12 km, blue = 4 km), calculated usingdtdiéferent concentration response functions.

All PM, scrf functions represent estimates for long-terneef of PM sexposure.
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Figure S.15. a Mortalities avoided due to changes in ozone cotmagons between the 2005
base case and the 2014 control case for two medelutions (red = 36 km, green = 12 km),
calculated using eight different concentration oese functions. The right most result by Jerrett
et al. (2009) estimates for long-term effects afreez exposure. All other ozone results represent
short-term effectsb. Mortalities avoided due to changes in PMoncentrations between the
2005 base case and the 2014 control case for tvdelmesolutions (red = 36 km, green = 12
km), calculated using three different concentratiesponse functions. All PMcrf functions

represent estimates for long-term effects o R&kposure.



