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EXECUTIVE SUMMARY

Overview

In setting primary national ambient air quality standards (NAAQS), the EPA’s
responsibility under the law is to establish standards that protect public health. The Clean Air Act
(the Act) requires the EPA, for each criteria pollutant, to set a standard that protects public health
with “an adequate margin of safety.” As interpreted by the Agency and the courts, the Act
requires the EPA to base this decision on health considerations only; economic factors cannot be
considered. The prohibition against considering cost in the setting of the primary air quality
standards does not mean that costs, benefits or other economic considerations are unimportant.
The Agency believes that consideration of costs and benefits is an essential decision-making tool
for the efficient implementation of these standards. The impacts of costs, benefits, and efficiency
are considered by the States when they make decisions regarding what timelines, strategies, and

policies are appropriate for their circumstances.

The EPA is proposing to revise the level of the ozone NAAQS to within a range of 65
ppb to 70 ppb and is soliciting comment on alternative standard levels below 65 ppb, as low as
60 ppb. The EPA is also proposing to revise the level of the secondary standard to within the
range of 65 ppb to 70 ppb to provide increased protection against vegetation-related effects on
public welfare.! The EPA performed an illustrative analysis of the potential costs, human health
benefits, and welfare co-benefits of nationally attaining primary alternative ozone standard levels
and did not estimate any incremental costs and benefits associated with attaining a revised
secondary standard. Per Executive Order 12866 and the guidelines of OMB Circular A-4, this
Regulatory Impact Analysis (RIA) presents the analyses of the following alternative standard
levels -- 70 ppb, 65 ppb, and 60 ppb. The cost and benefit estimates below are calculated
incremental to a 2025 baseline that incorporates air quality improvements achieved through the

projected implementation of existing regulations and full attainment of the existing ozone

! As an initial matter, the EPA is proposing that ambient ozone concentrations in terms of a three-year average
W126 index value within the range from 13 parts per million-hours (ppm-hours) to 17 ppm-hours would provide the
requisite protection against known or anticipated adverse effects to the public welfare, which data analyses indicate
would provide air quality in terms of three-year average W126 index values of a range at or below 13 ppm-hours to
17 ppm-hours. Data analyses also indicate that actions taken to attain a standard in the range of 65 ppb to 70 ppb
would also improve air quality as measured by the W126 metric.
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NAAQS (75 ppb). The 2025 baseline reflects, among other existing regulations, the Mercury
and Air Toxics Standard, the Clean Air Interstate Rule, the Tier 3 Motor Vehicle Emission and
Fuel Standards, and adjustments for the Clean Power Plan, all of which will help many areas
move toward attainment of the existing ozone standard (see Chapter 3, Section 3.1.3 for

additional information).

In this RIA we present the primary costs and benefits estimates for 2025. We assume
that potential nonattainment areas everywhere in the U.S., excluding California, will be
designated such that they are required to reach attainment by 2025, and we developed our

projected baselines for emissions, air quality, and populations for 2025.

The EPA will likely finalize designations for a revised ozone NAAQS in late
2017. Depending on the precise timing of the effective date of those designations, nonattainment
areas classified as Marginal will likely have to attain in either late 2020 or early
2021. Nonattainment areas classified as Moderate will likely have to attain in either late 2023 or
early 2024. If a Moderate nonattainment area qualifies for two 1-year extensions, the area may
have as late as 2026 to attain. Lastly, Serious nonattainment areas will likely have to attain in
late 2026 or early 2027. We selected 2025 as the primary year of analysis because most areas of
the U.S. will likely be required to meet a revised ozone standard by 2025 and because it provided
a good representation of the remaining air quality concerns that Moderate nonattainment areas
would face; states with areas classified as Moderate and higher are required to develop

attainment demonstration plans for those nonattainment areas.

In estimating the incremental costs and benefits of potential alternative standards, we
recognize that there are several areas that are not required to meet the existing ozone standard by
2025. The Clean Air Act allows areas with more significant air quality problems to take
additional time to reach the existing standard. Several areas in California are not required to
meet the existing standard by 2025 and may not be required to meet a revised standard until

sometime between 2032 and 2037.> We were not able to project emissions and air quality

2 The EPA will likely finalize designations for a revised ozone NAAQS in late 2017. Depending on the precise
timing of the effective date of those designations, nonattainment areas classified as Severe 15 will likely have to
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beyond 2025 for California, however, we adjusted baseline air quality to reflect mobile source
emissions reductions for California that would occur between 2025 and 2030; these emissions
reductions were the result of mobile source regulations expected to be fully implemented by
2030. While there is uncertainty about the precise timing of emissions reductions and related
costs for California, we assume costs occur through the end of 2037 and beginning of 2038. In

addition, we model benefits for California using projected population demographics for 2038.

Because of the different timing for incurring costs and accruing benefits and for ease of
discussion throughout the analyses, we refer to the different time periods for potential attainment
as 2025 and post-2025 to reflect that (1) we did not project emissions and air quality for any year
other than 2025; (2) for California, emissions controls and associated costs are assumed to occur
through the end of 2037 and beginning of 2038; and (3) for California benefits are modeled using
population demographics in 2038. It is not straightforward to discount the post-2025 results for
California to compare with or add to the 2025 results for the rest of the U.S. While we estimate
benefits using 2038 information, we do not have good information on precisely when the costs of
controls will be incurred. Because of these differences in timing related to California attaining a
revised standard, the separate costs and benefits estimates for post-2025 should not be added to

the primary estimates for 2025.

ES.1 Overview of Analytical Approach

This RIA consists of multiple analyses including an assessment of the nature and sources
of ambient ozone (Chapter 2 — Defining the Air Quality Problem); estimates of current and
future emissions of relevant precursors that contribute to the problem; air quality analyses of
baseline and alternative control strategies (Chapter 3 — Air Quality Modeling and Analysis);
development of illustrative control strategies to attain the primary alternative standard levels
(Chapter 4 — Control Strategies and Emissions Reductions); estimates of the incremental benefits
of attaining the primary alternative standard levels (Chapter 5 — Human Health Benefits); a
qualitative discussion of the welfare co-benefits of attaining the primary alternative standard

levels (Chapter 6 — Welfare Co-Benefits of the Primary Standard); estimates of the incremental

attain sometime between late 2032 and early 2033 and nonattainment areas classified as Extreme will likely have to
attain by December 31, 2037.
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costs of attaining the primary alternative standard levels (Chapter 7 — Engineering Cost Analysis
and Economic Impacts); a comparison and discussion of the benefits and costs (Chapter 8 —
Comparison of Costs and Benefits); an analysis of the impacts of the relevant statutory and
executive orders (Chapter 9 — Statutory and Executive Order Impact Analysis); and a discussion
of the theoretical framework used to analyze regulation-induced employment impacts, as well as
information on employment related to installation of NOx controls on coal and gas-fired electric
generating units, industrial boilers, and cement kilns (Chapter 10 — Qualitative Discussion of

Employment Impacts of Air Quality).

Because States are ultimately responsible for implementing strategies to meet revised
standards, this RIA provides insights and analysis of a limited number of illustrative control
strategies that states might adopt to meet a revised standard. The goal of this RIA is to provide
estimates of the costs and benefits of the illustrative attainment strategies to the meet each
alternative standard level. The flowchart below (Figure ES-1) outlines the analytical steps taken
to illustrate attainment with the potential alternative standard levels, and the following

discussion, by primary flowchart section, describes the steps taken.
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Figure ES-1. Analytical Flowchart for Primary Standards Analyses
ES.1.1 Establishing the Baseline

The future year base case reflects emissions projected from 2011 to 2025 and
incorporates current state and federal programs, including the Tier 3 Motor Vehicle Emission
and Fuel Standards (U.S. EPA, 2014a) (see Chapter 3, Section 3.1.3 for a discussion of the rules
included in the base case). The base case does not include control programs specifically for the
purpose of attaining the existing ozone standard (75 ppb). The baseline builds on the future year
base case and reflects the additional emissions reductions needed to reach attainment of the
current ozone standard (75 ppb), as well as adjustments for the Clean Power Plan (U.S. EPA,
2014b).

We performed a national scale air quality modeling analysis to estimate ozone

concentrations for the future base case year of 2025. To accomplish this, we modeled multiple
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emissions cases for 2025, including the 2025 base case and twelve 2025 emissions sensitivity
simulations. The twelve emissions sensitivity simulations were used to develop ozone sensitivity
factors (ppb/ton) from the modeled response of ozone to changes in NOx and VOC emissions
from various sources and locations. These ozone sensitivity factors were then used to determine
the amount of emissions reductions needed to reach the 2025 baseline and evaluate potential
alternative standard levels of 70, 65, and 60 ppb incremental to the baseline. We used the
estimated emissions reductions needed to reach each of these standard levels to analyze the costs

and benefits of alternative standard levels.

ES.1.2 Control Strategies and Emissions Reductions

The EPA analyzed illustrative control strategies that areas across the U.S. might employ
to attain alternative revised primary ozone standard levels of 70, 65, and 60 ppb. The EPA
analyzed the impact that additional emissions control technologies and measures, across
numerous sectors, would have on predicted ambient ozone concentrations incremental to the
baseline. These control measures, also referred to as known controls, are based on information
available at the time of this analysis and include primarily end-of-pipe control technologies. In
addition, to attain some of the alternative primary standard levels analyzed, some areas needed
additional emissions reductions beyond the known controls, and we refer to these as unknown

controls (see Chapter 7, Section 7.2 for additional information).

Using average ozone response factors, we estimated the portion of the emissions
reductions required to meet the baseline, including any additional emissions reductions beyond
known controls. We then estimated the emissions reductions incremental to the baseline that
were needed to meet the alternative standard levels of 70, 65, and 60 ppb. Costs of controls
incremental to (i.e., over and above) the baseline emissions reductions are attributed to the costs
of meeting the alternative standard levels. These emissions reductions can come from both
specific known controls, as well as unknown controls. The baseline shows that by 2025, while
ozone air quality would be significantly better than today under current requirements, depending
on the alternative standard level analyzed, several areas in the Eastern, Central, and Western U.S.
would need to develop and adopt additional controls to attain alternative standard levels (see

Chapter 4, Section 4.3).
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ES.1.2.1 Emissions Reductions from Known Controls in 2025

Figure ES-2 shows the counties projected to exceed the alternative standard levels
analyzed for 2025 for areas other than California. For the 70 ppb alternative standard level,
emissions reductions were required for monitors in the Central and Northeast regions. For the 65
and 60 ppb alternative standard levels, emissions reductions were applied in all regions with
projected baseline design values (DVs) above these levels.? For the 60 ppb alternative standard
level, additional VOC emissions reductions were identified in Chicago because some sites in that
area experienced NOx disbenefits, meaning that the regional NOx emissions reductions resulted
in ozone increases from below 60 ppb to above 60 ppb. Tables ES-1 through ES-3 show the

emissions reductions from known controls for the alternative standard levels analyzed.

Legend

- 9 counties are projected to exceed 70 ppb
52 additional counties are projected to be below 70 but exceed 85 ppb

0 200 400 800 Kilometers
T Y T S R |

173 additional counties are projected to be below 65 but exceed 80 ppb

Figure ES-2. Projected Ozone Design Values in the 2025 Baseline Scenario

3 A design value is a statistic that describes the air quality status of a given area relative to the level of the NAAQS.
Design values are typically used to classify nonattainment areas, assess progress toward meeting the NAAQS, and
develop control strategies.
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Table ES-1. Summary of Emission Reductions by Sector for Known Controls for 70 ppb
Proposed Alternative Standard Level for 2025, except California (1,000

tons/year)?
Geographic Area Emissions Sector NOx VOC
EGU 25 -
Non-EGU Point 210 0.98
East Nonpoint 260 54
Nonroad 5 -
Total 490 55
EGU - -
Non-EGU Point - -
West Nonpoint - -
Nonroad - -
Total - -

2 Estimates are rounded to two significant figures.

Table ES-2. Summary of Emission Reductions by Sector for Known Controls for 65 ppb
Proposed Alternative Standard Level for 2025 - except California (1,000

tons/year)?
Geographic Area Emissions Sector NOx VOC
EGU 170 -
Non-EGU Point 410 3.6
East Nonpoint 420 95
Nonroad 12 -
Total 1,000 99
EGU 36 -
Non-EGU Point 38 0.47
West Nonpoint 37 6.6
Nonroad 1.3 -
Total 110 7

2 Estimates are rounded to two significant figures.

Table ES-3. Summary of Emission Reductions by Sector for Known Controls for 60 ppb
Alternative Standard Level for 2025 - except California (1,000 tons/year)?

Geographic Area Emissions Sector NOx VOC

EGU 170 -
Non-EGU Point 410 4.2

East Nonpoint 420 99
Nonroad 12 -
Total 1,000 100
EGU 62 -
Non-EGU Point 48 0.47

West Nonpoint 39 6.6
Nonroad 1.3 -
Total 150 7

2 Estimates are rounded to two significant figures.
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ES.1.2.2 Emissions Reductions beyond Known Controls in 2025

There were several areas where known controls did not achieve enough emissions
reductions to attain the proposed alternative standard levels of 70 and 65 as well as the more
stringent alternative standard level of 60 ppb. To complete the analysis, the EPA then estimated
the additional emissions reductions beyond known controls needed to reach attainment (i.e.,
unknown controls). Table ES-4 shows the emissions reductions needed from unknown controls

in 2025 for the U.S., except California, for the alternative standard levels analyzed.

Table ES-4. Summary of Emissions Reductions by Alternative Standard for Unknown
Controls for 2025 - except California (1,000 tons/year)?*

Region NO« vVOC
Proposed Alternative Standard Levels
East 150 -
70 ppb West - -
East 750 -
65 ppb West - -
Alternative Standard Level
East 1,900 41
60 ppb West 350 -
ES.1.2.3 Emissions Reductions beyond Known Controls for Post-2025

Figure ES-3 shows the counties projected to exceed the alternative standard levels
analyzed for the post-2025 analysis for California. For the California post-2025 alternative
standard level analyses, all known controls were applied in the baseline, so incremental
emissions reductions are from unknown controls. Table ES-5 shows the emissions reductions
needed from unknown controls for post-2025 for California for the alternative standard levels

analyzed.
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Figure ES-3. Projected Ozone Design Values in the post-2025 Baseline Scenario

Table ES-5. Summary of Emissions Reductions by Alternative Standard Level for
Unknown Controls for post-2025 - California (1,000 tons/year)?*

Region NOx vVOC
Proposed Alternative Standard Levels
70 ppb CA 53 -
65 ppb CA 110 -
Alternative Standard Level
60 ppb CA 140 -

2 Estimates are rounded to two significant figures.

ES.1.3 Human Health Benefits

To estimate benefits, we follow a “damage-function” approach in calculating total

benefits of the modeled changes in environmental quality.

This approach estimates changes in

individual health endpoints (specific effects that can be associated with changes in air quality)

and assigns values to those changes assuming independence of the values for those individual

endpoints. Total benefits are calculated as the sum of the values for all non-overlapping health

endpoints. The “damage-function” approach is the standard method for assessing costs and

benefits of environmental quality programs and has been used in several recent published

analyses (Levy et al., 2009; Fann et al., 2012a; Tagaris et al., 2009).
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To assess economic values in a damage-function framework, the changes in
environmental quality must be translated into effects on people or on the things that people
value. In some cases, the changes in environmental quality can be directly valued, as is the case
for changes in visibility. In other cases, such as for changes in ozone and PM, an impact analysis
must first be conducted to convert air quality changes into effects that can be assigned dollar
values. For the purposes of this RIA, the health impacts analysis is limited to those health effects
that are directly linked to ambient levels of air pollution and specifically to those linked to ozone

and PMas.

Benefits estimates for ozone were generated using the damage function approach outlined
above wherein potential changes in ambient ozone levels (associated with future attainment of
alternative standard levels) were explicitly modeled and then translated into reductions in the
incidence of specific health endpoints. In generating ozone benefits estimates for the two
attainment timeframes considered in the RIA (2025 and post-2025), we used three distinct
benefits simulations including one completed for 2025 and two completed for 2038. The way in
which these three benefits simulations were used to generate estimates for the two timeframes is

detailed in Chapter 5, Section 5.4.3.

In contrast to ozone, we used a benefit-per-ton approach in modeling PM2.5 co-benefits.
With this approach, we use the results of previous benefits analysis simulations focusing on
PM: 5 to derive benefits-per-ton estimates for NOx.* We then combine these dollar-per-ton
estimates with projected reductions in NOx associated with meeting a given alternative standard
level to project cobenefits associated with PM2.s. We acknowledge increased uncertainty
associated with the dollar-per-ton approach for PMa s, relative to explicitly modeling benefits
using gridded PMz s surfaces specific to the baseline and alternative standard levels (see

Appendix 5A, Table SA-1 for additional discussion).

In addition to ozone and PMz s benefits, implementing emissions controls to reach some of
the alternative ozone standard levels would reduce other ambient pollutants. However, because

the methods used in this analysis to simulate attainment do not account for changes in ambient

4 In addition to dollar-per-ton estimates for NOx, we also used incidence-per-ton values (also for NOx) for specific
health endpoints to generate incidence reduction estimates associated with the dollar benefits.
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concentrations of other pollutants, we were not able to quantify the co-benefits of reduced
exposure to these pollutants. In addition, due to data and methodology limitations, we were

unable to estimate some anticipated health benefits associated with exposure to ozone and PMa:s.

ES. 1.4 Welfare Co-Benefits of the Primary Standard

Section 109 of the Clean Air Act defines welfare effects to include any non-health effects,
including direct economic damages in the form of lost productivity of crops and trees, indirect
damages through alteration of ecosystem functions, indirect economic damages through the loss
in value of recreational experiences or the existence value of important resources, and direct
damages to property, either through impacts on material structures or by soiling of surfaces (42
U.S.C. 7409). Ozone can affect ecological systems, leading to changes in the ecological
community and influencing the diversity, health, and vigor of individual species (U.S. EPA,
2013). Ozone causes discernible injury to a wide array of vegetation (U.S. EPA, 2013). In terms
of forest productivity and ecosystem diversity, ozone may be the pollutant with the greatest
potential for region-scale forest impacts (U.S. EPA, 2013). Studies have demonstrated repeatedly
that ozone concentrations observed in polluted areas can have substantial impacts on plant

function (De Steiguer et al,. 1990; Pye, 1988).

In this RIA, we are able to quantify only a small portion of the welfare impacts associated
with reductions in ozone concentrations to meet alternative ozone standards. Using a model of
commercial agriculture and forest markets, we are able to analyze the effects on consumers and
producers of forest and agricultural products of changes in the W126 index resulting from
meeting alternative standards within the proposed range of 70 to 65 ppb, as well as a lower
standard level of 60 ppb. We also assess the effects of those changes in commercial agricultural
and forest yields on carbon sequestration and storage. This analysis provides limited quantitative
information on the welfare co-benefits of meeting these alternative standards, focused only on
one subset of ecosystem services. Commercial and non-commercial forests provide a number of
additional services, including medicinal uses, non-commercial food and fiber production, arts
and crafts uses, habitat, recreational uses, and cultural uses for Native American tribes. A more
complete discussion of these additional ecosystem services is provided in the final Welfare Risk

and Exposure Assessment for Ozone (U.S. EPA, 2014c).
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ES.2 Results of Benefit-Cost Analysis

Below in Table ES-6, we present the primary costs and benefits estimates for 2025 for all
areas except California. In addition, Tables 5-1 and 5-23 in Chapter 5 provide a breakdown of
ozone-only and PMa s-only benefits, as well as total benefits at 3 percent. We anticipate that
benefits and costs will likely begin occurring earlier, as states begin implementing control
measures to show progress towards attainment. In these tables, ranges within the total benefits
rows reflect variability in the studies upon which the estimates associated with premature
mortality were derived. PMa2.s co-benefits account for approximately two-thirds to three-quarters
of the estimated benefits, depending on the standard analyzed and on the choice of ozone and
PM mortality functions used. In addition for 2025, Table ES-7 presents the numbers of
premature deaths avoided for the alternative standard levels analyzed, as well as the other health
effects avoided. Table ES-8 provides information on the costs by geographic region for the U.S.,
except California in 2025, and Table ES-9 provides a regional breakdown of benefits for 2025.

In the RIA we provide estimates of costs of emissions reductions to attain the proposed
standards in three regions -- California, the rest of the western U.S., and the eastern U.S. In
addition, we provide estimates of the benefits that accrue to each of these three regions resulting
from (i) control strategies applied within the region, (ii) reductions in transport of 0zone
associated with emissions reductions in other regions, and (iii) the control strategies for which
the regional cost estimates are generated. These benefits are not directly comparable to the costs
of control strategies in a region because the benefits include benefits not associated with those

control strategies.

The net benefits of emissions reductions strategies in a specific region would be the
benefits of the emissions reductions occurring both within and outside of the region minus the
costs of the emissions reductions. Because the air quality modeling is done the national level, we
do not estimate separately the nationwide benefits associated with the emissions reductions
occurring in any specific region.’ As a result, we are only able to provide net benefits estimates

at the national level. The difference between the costs for a specific region and the benefits

5 For California, we provide separate estimates of the costs and nationwide estimates of benefits, so it is appropriate
to calculate net benefits. As such, we provide net benefits for the post-2025 California analysis.
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accruing to that region is not an estimate of net benefits of the emissions reductions in that
region.

Table ES-6. Total Annual Costs and Benefits® for U.S., except California in 2025 (billions
of 20118, 7% Discount Rate)®

Proposed Alternative Standard Levels

Alternative Standard

Level
70 ppb 65 ppb 60 ppb
Total Costs (7%) $3.9 $15 $39
Total Health Benefits (7%)° $6.4 to $13.0 $19 to $38 $34 to $70
Net Benefits (7%) $2.5 to $9.1 $4 to $23 ($5)to $31

2 Benefits are nationwide benefits of attainment everywhere except California.

® EPA believes that providing comparisons of social costs and social benefits at 3 and 7 percent is appropriate.
Estimating multiple years of costs and benefits is not possible for this RIA due to data and resource limitations. As
a result, we provide a snapshot of costs and benefits in 2025, using the best available information to approximate
social costs and social benefits recognizing uncertainties and limitations in those estimates.

¢ The benefits range reflects the LOW and UPPER core estimates of short-term ozone and long-term PM mortality.

EPA believes that providing comparisons of social costs and social benefits at 3 and 7
percent is appropriate. Ideally, streams of social costs and social benefits over time would be
estimated and the net present values of each would be compared to determine net benefits of the
illustrative attainment strategies. The three different uses of discounting in the RIA — (1)
construction of annualized engineering costs, (ii) adjusting the value of mortality risk for lags in
mortality risk decreases, and (iii) adjusting the cost of illness for non-fatal heart attacks to adjust
for lags in follow up costs -- are all appropriate. Our estimates of net benefits are the
approximations of the net value (in 2025) of benefits attributable to emissions reductions needed
to attain just for the year 2025.

Table ES-7. Summary of Total Number of Annual Ozone and PM-Related Premature
Mortalities and Premature Morbidity: 2025 National Benefits ®

Alternative Standard

Proposed Alternative Standard Levels Level
(95" percentile confidence intervals)® (95th percentile
confidence intervals)
70 ppb 65 ppb 60 ppb

Short-term exposure-related 200 to 340 630 to 1,000 1,100 to 1,900
premature deaths avoided (all ages) (97 to 300) (310 to 940) (560 to 1,700)
(Ozone — 2 studies) (180 to 490) (560 to 1,500) (1,000 to 2,800)
Long-term exposure-related 03: 680 0s: 2,100 03: 3,900
premature deaths avoided (age (230 to 1,100) (710 to 3,500) (1,300 to 6,400)
30+) (PM — 2 studies) PM>s: 510to 1,100°  PM,s: 1,400 to 3,300°  PM,s: 2,600 to 6,000
Other health effects avoided!
Non-fatal heart attacks (age 18-99) (5
studies) ™M 64 to 600 180 to 1,700 330 to 3,100
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Alternative Standard

Proposed Alternative Standard Levels Level
(95" percentile confidence intervals)® (95th percentile
confidence intervals)

70 ppb 65 ppb 60 ppb
Respiratory hospital admissions (age
0-99)03-PM 510 1,500 2,900
Cardiovascular hospital admissions
(age 18-99) ™ 180 530 950
Asthma emergency department visits
(age 0-99) 93.PM 1,400 4,300 8,000
Acute bronchitis (age 8-12) ™ 790 2,300 4,100
Asthma exacerbation (age 6-18) © "M 320,000 960,000 1,800,000
Lost work days (age 18-65)™ 65,000 180,000 340,000
Minor restricted activity days (age
18-65) 03" 1,300,000 4,000,000 7,300,000
Upper & lower respiratory symptoms
(children 7-14) ™M 24,000 70,000 130,000
School loss days (age 5-17) 9 330,000 1,000,000 1,900,000

2 Nationwide benefits of attainment everywhere except California.

® We present a confidence interval in parentheses for each study on short-term or long-term ozone-related mortality.
¢ These estimates were generated using benefit-per-ton estimates and confidence intervals are not available. In
general, the 95" percentile confidence interval for the health impact function alone ranges from + 30 percent for
mortality incidence based on Krewski et al. (2009) and + 46 percent based on Lepeule et al. (2012).

4 See Table 5-19 in Chapter 5 for detailed information on confidence intervals related to ozone-related morbidity
incidence estimates. The PM, s morbidity incidence estimates were generated using benefit-per-ton estimates and
confidence intervals are not available.

Table ES-8. Summary of Total Control Costs (Known and Extrapolated) by Alternative
Level for 2025 - U.S., except California (billions of 20118, 7% Discount Rate)?

‘ Geographic Area Total Control Costs
Alternative Level (Known and
Extrapolated)
East 3.9
70 ppb West -
Total $3.9
East 15
65 ppb West 0.40
Total $15
East 33
60 ppb West 5.8
Total $39

2 All values are rounded to two significant figures. Extrapolated costs are based on the average-cost methodology.
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Table ES-9. Regional Breakdown of Monetized Ozone-Specific Benefits Results for the
2025 Scenario (nationwide benefits of attaining each alternative standard
everywhere in the U.S. except California) — Full Attainment ?

Proposed and Alterative Standards

Region 70 ppb 65 ppb 60 ppb
East® 99% 96% 92%
California 0% 0% 0%
Rest of West 1% 4% 7%

2 Because we use benefit-per-ton estimates to calculate the PM; s co-benefits, a regional breakdown for the co-
benefits is not available. Therefore, this table only reflects the ozone benefits.

b Includes Texas and those states to the north and east. Several recent rules such as Tier 3 will have substantially
reduced ozone concentrations by 2025 in the East, thus few additional controls would be needed to reach 70 ppb.

To understand possible additional costs and benefits of fully attaining in California in a
post-2025 timeframe, we provide separate results for California in Table ES-10. In addition,
Tables 5-2 and 5-30 in Chapter 5 provide a breakdown of ozone-only and PM2 s-only benefits, as
well as total benefits at 3 percent. Relative to the primary cost and benefits estimates, the
California cost estimates are between 5 and 20 percent and the benefits estimates are between 8
and 15 percent of the national estimates. Because of the differences in the timing of achieving
needed emissions reductions, incurring costs, and accruing benefits for California, the separate
costs and benefits estimates for post-2025 should not be added to the primary estimates for 2025.
For the post-2025 timeframe, Table ES-11 presents the numbers of premature deaths avoided for
the alternative standard levels analyzed, as well as the other health effects avoided. Table ES-12
provides information on the costs for California for post-2025, and Table ES-13 provides a

regional breakdown of benefits for post-2025.

The EPA presents separate costs and benefits results for California because forcing
attainment in an earlier year than would be required under the Clean Air Act would likely lead to
an overstatement of costs because California might benefit from some existing federal or state
programs that would be implemented between 2025 and the ultimate attainment years; because
additional new technologies may become available between 2025 and the attainment years; and
because the cost of existing technologies might fall over time. As such, we use the best available
data to estimate costs and benefits for California in a post-2025 timeframe, but because of data
limitations and additional uncertainty associated with not projecting emissions and air quality

beyond 2025, we recognize that the estimates of costs and benefits for California in a post-2025
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timeframe are likely to be relatively more uncertain than the national attainment estimates for

2025.

Table ES-10. Total Annual Costs and Benefits* of Control Strategies Applied in California,
post-2025 (billions of 20118, 7% Discount Rate)®

Proposed Alternative Standard Levels Alternative Standard

Level
70 ppb 65 ppb 60 ppb
Total Costs (7%) $0.80 $1.6 $2.2
Total Health Benefits (7%)° $1.11t0$2 $2.2 to $4.1 $3.21t0$5.9
Net Benefits (7%) $0.3 to $1.2 $0.60 to $2.5 $1 to $3.7

2 Benefits are nationwide benefits of attainment in California.

b EPA believes that providing comparisons of social costs and social benefits at 3 and 7 percent is appropriate.
Estimating multiple years of costs and benefits is not possible for this RIA due to data and resource limitations. As
a result, we provide a snapshot of costs and benefits in 2025, using the best available information to approximate
social costs and social benefits recognizing uncertainties and limitations in those estimates.

¢ The benefits range reflects the LOW and UPPER core estimates of short-term ozone and long-term PM mortality.

Table ES-11. Summary of Total Number of Annual Ozone and PM-Related Premature
Mortalities and Premature Morbidity: Post-2025*

Alternative Standard

Proposed Alternative Standard Levels Level
(95th percentile confidence intervals)® (95th percentile
confidence intervals)
70 ppb 65 ppb 60 ppb

Short-term exposure-related 65t0 110 140 to 230 210 to 350
premature deaths avoided (all ages) (31t097) (68 to 210) (100 to 320)
(Ozone — 2 studies) (57 to 160) (120 to 340) (190 to 510)
Long-term exposure-related 0O;: 260 O3: 560 O;: 840
premature deaths avoided (age (88 to 430) (190 to 930) (290 to 1,400)
30+) (PM — 2 studies) PM;s: 45 to 100° PM: s: 89 to 200° PM,s: 120 to 280°
Other health effects avoided?
Non-fatal heart attacks (age 18-99) (5
studies) "M 6 to 54 11to 110 16 to 140
Respiratory hospital admissions (age
0-99)03- PM 130 290 430
Cardiovascular hospital admissions
(age 18-99) ™M 16 32 45
Asthma emergency department visits
(age 0-99) ©3. ™M 340 740 1,100
Acute bronchitis (age 8-12) ™ 67 130 180
Asthma exacerbation (age 6-18) %™ 99,000 210,000 320,000
Lost work days (age 18-65)™ 5,500 11,000 15,000
Minor restricted activity days (age
18-65) 93tM 320,000 690,000 1,000,000
Upper & lower respiratory symptoms
(children 7-14) ™M 2,100 4,100 5,600
School loss days (age 5-17) 3 110,000 230,000 350,000

 Nationwide benefits of attainment in California.
® We present a confidence interval in parentheses for each study on short-term or long-term ozone-related mortality.
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¢ These estimates were generated using benefit-per-ton estimates and confidence intervals are not available. In
general, the 95th percentile confidence interval for the health impact function alone ranges from + 30 percent for
mortality incidence based on Krewski et al. (2009) and + 46 percent based on Lepeule et al. (2012).

4 See Table 5-26 in Chapter 5 for detailed information on confidence intervals related to ozone-related morbidity
incidence estimates. The PM2.5 morbidity incidence estimates were generated using benefit-per-ton estimates and
confidence intervals are not available.

Table ES-12. Summary of Total Control Costs (Known and Extrapolated) by Alternative
Level for post-2025 - California (billions of 20118, 7% Discount Rate)?

Total Control Costs

Alternative Level Geographic Area (Known and
Extrapolated)

70 ppb California $0.80

65 ppb California $1.6

60 ppb California $2.2

2 All values are rounded to two significant figures. Extrapolated costs are based on the average-cost methodology.

Table ES-13. Regional Breakdown of Monetized Ozone-Specific Benefits Results for the
post-2025 Scenario (nationwide benefits of attaining each alternative standard
just in California) — Full Attainment*

Proposed and Alterative Standards

Region 70 ppb 65 ppb 60 ppb
East 0% 0% 0%
California 93% 94% 94%
Rest of West 6% 6% 6%

2 Because we use benefit-per-ton estimates to calculate the PM; s co-benefits, a regional breakdown for the co-
benefits is not available. Therefore, this table only reflects the ozone benefits.

Despite uncertainties inherent in any complex, quantitative analysis, the overall underlying
analytical methods used in this RIA have been peer-reviewed. For a detailed discussion on
uncertainty associated with developing illustrative control strategies to attain the alternative
standard levels, see Chapter 4, Section 4.4. For a description of the key assumptions and
uncertainties related to the modeling of ozone benefits, see Chapter 5, Section 5.7.3, and for an
additional qualitative discussion of sources of uncertainty associated with both the modeling of
ozone-related benefits and PMa s-related co-benefits, see Appendix 5A. For a discussion of the
limitations and uncertainties in the engineering cost analyses, see Chapter 7, Section 7.7. For a

discussion about generally framing uncertainty, see Chapter 8, Section 8.3.
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CHAPTER 1: INTRODUCTION AND BACKGROUND

Overview

The EPA Administrator is proposing to revise the level of the ozone National Ambient
Air Quality Standards (NAAQS) to within a range of 65 to 70 ppb and is soliciting comment on
alternative standard levels below 65 ppb, as low as 60 ppb. This chapter summarizes the purpose
and background of this Regulatory Impact Analysis (RIA). In the RIA we estimate the human
health and welfare benefits and costs of alternative standards of 65 ppb and 70 ppb, which
represent the lower and upper bounds of the range of proposed levels, as well as a more stringent
alternative level of 60 ppb. According to the Clean Air Act (“the Act”), the Environmental
Protection Agency (EPA) must use health-based criteria in setting the NAAQS and cannot
consider estimates of compliance cost. The EPA is producing this RIA both to provide the public
a sense of the benefits and costs of meeting a revised ozone NAAQS and to meet the

requirements of Executive Orders 12866 and 13563.

1.1 Background
1.1.1 NAAQS

Two sections of the Act govern the establishment and revision of NAAQS. Section 108
(42 U.S.C. 7408) directs the Administrator to identify pollutants that “may reasonably be
anticipated to endanger public health or welfare” and to issue air quality criteria for them. These
air quality criteria are intended to “accurately reflect the latest scientific knowledge useful in
indicating the kind and extent of all identifiable effects on public health or welfare which may be
expected from the presence of [a] pollutant in the ambient air.” Ozone is one of six pollutants for

which the EPA has developed air quality criteria.

Section 109 (42 U.S.C. 7409) directs the Administrator to propose and promulgate
“primary” and “secondary” NAAQS for pollutants identified under section 108. Section
109(b)(1) defines a primary standard as an ambient air quality standard “the attainment and
maintenance of which in the judgment of the Administrator, based on [the] criteria and allowing
an adequate margin of safety, [is] requisite to protect the public health.” A secondary standard, as
defined in section 109(b)(2), must “specify a level of air quality the attainment and maintenance

of which in the judgment of the Administrator, based on [the] criteria, is requisite to protect the
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public welfare from any known or anticipated adverse effects associated with the presence of
[the] pollutant in the ambient air.” Welfare effects as defined in section 302(h) [42 U.S.C.
7602(h)] include but are not limited to “effects on soils, water, crops, vegetation, manmade
materials, animals, wildlife, weather, visibility and climate, damage to and deterioration of
property, and hazards to transportation, as well as effects on economic values and on personal

comfort and well-being.”

Section 109(d) of the Act directs the Administrator to review existing criteria and
standards at 5-year intervals. When warranted by such review, the Administrator is to retain or
revise the NAAQS. After promulgation or revision of the NAAQS, the standards are
implemented by the states.

1.1.2 Ozone NAAQS

The EPA initiated the current ozone NAAQS review in September 2008. Between 2008
and 2014, the EPA prepared draft and final versions of the Integrated Science Assessment, the
Health and Welfare Risk and Exposure Assessments, and the Policy Assessment. Multiple drafts
of these documents were available for public review and comment, and as required by the Clean
Air Act, were peer-reviewed by the Clean Air Scientific Advisory Committee (CASAC), the
Administrator’s independent advisory committee established by the CAA. The final documents
reflect the EPA staff’s consideration of the comments and recommendations made by CASAC

and the public on draft versions of these documents.

1.2 Role of this RIA in the Process of Setting the NAAQS
1.2.1 Legislative Roles

The EPA Administrator is proposing to revise the level of the ozone National Ambient
Air Quality Standards (NAAQS) to within a range of 65 to 70 ppb and is soliciting comment on
alternative standard levels below 65 ppb, as low as 60 ppb. The EPA Administrator is also
proposing to revise the level of the current secondary standard to within the range of 65 ppb to
70 ppb. As such, the RIA analyzes a range of potential alternative primary standard levels. In
setting primary ambient air quality standards, the EPA’s responsibility under the law is to
establish standards that protect public health, regardless of the costs of implementing those

standards. The Act requires the EPA, for each criteria pollutant, to set standards that protect
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public health with “an adequate margin of safety.” As interpreted by the Agency and the courts,

the Act requires the EPA to create standards based on health considerations only.

The prohibition against the consideration of cost in the setting of the primary air quality
standards, however, does not mean that costs or other economic considerations are unimportant
or should be ignored. The Agency believes that consideration of costs and benefits is essential to
making efficient, cost-effective decisions for implementing these standards. The impact of cost
and efficiency is considered by states during this process, as they decide what timelines,
strategies, and policies make the most sense. This RIA is intended to inform the public about the
potential costs and benefits that may result when new standards are implemented, but it is not

relevant to establishing the standards themselves.

1.2.2  Role of Statutory and Executive Orders

This RIA is separate from the NAAQS decision-making process, but several statutes and
executive orders still apply to any public documentation. The analysis required by these statutes

and executive orders is presented in Chapter 9.

The EPA presents this RIA pursuant to Executive Orders 12866 and 13563 and the
guidelines of Office of Management and Budget (OMB) Circular A-4 (U.S. OMB, 2003). In
accordance with these guidelines, the RIA analyzes the benefits and costs associated with
emissions controls to attain the upper and lower bounds of the proposed 8-hour ozone standard
of 65 parts per billion (ppb) to 70 ppb in ambient air, incremental to a baseline of attaining the
existing standard (8-hour ozone standard of 75 ppb). OMB Circular A-4 requires analysis of one
potential alternative standard level more stringent than the proposed range and one less stringent
than the proposed range. In this RIA, we analyze a more stringent alternative standard level of
60 ppb. The existing standard of 75 ppb represents the less stringent alternative standard and the
costs and benefits of this standard were presented in the 2008 ozone NAAQS RIA (U.S. EPA,
2008a). The available scientific evidence and quantitative exposure and risk information
indicate that reducing ambient ozone concentrations will reduce the occurrence of harmful health
effects. As discussed in the Notice, this evidence and information provide strong support for
considering alternative standard levels from 65 to 70 ppb, but do not identify a bright line within

this range that indicates exactly where to set a standard. Similarly, the available scientific



information does not provide a basis for identifying any specific standard level between 70 and

75 ppb for analysis in the RIA.

The control strategies presented in this RIA are illustrative and represent one set of control
strategies states might choose to implement in order to meet the final standards. As a result,
benefit and cost estimates provided in the RIA are not additive to benefits and costs from other
regulations, and, further, the costs and benefits identified in this RIA will not be realized until

specific controls are mandated by State Implementation Plans (SIPs) or other federal regulations.

1.2.3  The Need for National Ambient Air Quality Standards

OMB Circular A-4 indicates that one of the reasons a regulation such as the NAAQS may
be issued is to address existing “externalities.” A market failure or externality occurs when one
party’s actions impose uncompensated costs on another party. Environmental problems are a
classic case of an externality. Setting and implementing primary and secondary air quality
standards is one way the government can address an externality and thereby increase air quality

and improve overall public health and welfare.

1.2.4  Illustrative Nature of the Analysis

This NAAQS RIA is an illustrative analysis that provides useful insights into a limited
number of emissions control scenarios that states might implement to achieve revised NAAQS.
Because states are ultimately responsible for implementing strategies to meet any revised
standard, the control scenarios in this RIA are necessarily hypothetical in nature. Important

uncertainties and limitations are documented in the relevant portions of the analysis.

The illustrative goals of this RIA are somewhat different from other EPA analyses of
national rules, or the implementation plans states develop, and the distinctions are worth brief
mention. This RIA does not assess the regulatory impact of an EPA-prescribed national rule, nor
does it attempt to model the specific actions that any state would take to implement a revised
standard. This analysis attempts to estimate the costs and human and welfare benefits of cost-
effective implementation strategies that might be undertaken to achieve national attainment of
new standards. These hypothetical strategies represent a scenario where states use one set of

cost-effective controls to attain a revised NAAQS. Because states—not the EPA—will
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implement any revised NAAQS, they will ultimately determine appropriate emissions control
scenarios. SIPs would likely vary from the EPA’s estimates due to differences in the data and
assumptions that states use to develop these plans. The illustrative attainment scenarios
presented in this RIA were constructed with the understanding that there are inherent

uncertainties in projecting emissions and controls.

1.3 Overview and Design of the RIA

The RIA evaluates the costs and benefits of hypothetical national control strategies to

attain three alternative ozone standard levels of 60, 65 and 70 ppb.

1.3.1 Existing and Revised Ozone National Ambient Air Quality Standards

The EPA is proposing to retain the indicator, averaging time and form of the existing
primary ozone standard and is proposing to revise the level of that standard to within the range of
65 ppb to 70 ppb. The EPA is proposing this revision to increase public health protection,
including for ““at-risk” populations such as children, older adults, and people with asthma or
other lung diseases, against an array of ozone-related adverse health effects. For short-term
ozone exposures, these effects include decreased lung function, increased respiratory symptoms
and pulmonary inflammation, effects that result in serious indicators of respiratory morbidity,
such as emergency department visits and hospital admissions, and all-cause (total non-
accidental) mortality. For long-term ozone exposures, these health effects include a variety of
respiratory morbidity effects and respiratory mortality. In recognition that levels as low as 60
ppb could potentially be supported, but would place very little weight on the uncertainties in the
health effects evidence and exposure/risk information, the EPA is also soliciting comment on
alternative standard levels below 65 ppb, as low as 60 ppb. In addition, the EPA is taking

comment on the option of retaining the current 8-hour primary ozone standard of 75 ppb.

The EPA is proposing to revise the level of the secondary standard to within the range of
65 ppb to 70 ppb to provide increased protection against vegetation-related effects on public
welfare. As an initial matter, the EPA is proposing that ambient ozone concentrations in terms of
a three-year average W126 index value within the range from 13 parts per million-hours (ppm-
hours) to 17 ppm-hours would provide the requisite protection against known or anticipated

adverse effects to the public welfare, which data analyses indicate would provide air quality in
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terms of three-year average W126 index values of a range at or below 13 ppm-hours to 17 ppm-
hours. Data analyses also indicate that actions taken to attain a standard in the range of 65 ppb to
70 ppb would also improve air quality as measured by the W126 metric. The quantitative
analysis assesses the welfare benefits of strategies to attain the proposed secondary standard

levels of 65 to 70 ppb.

1.3.2  Establishing Attainment with the Current Ozone National Ambient Air Quality Standard

The RIA is intended to evaluate the costs and benefits of reaching attainment with
alternative ozone standard levels. To develop and evaluate control strategies for attaining a more
stringent primary standard, it is important to first estimate ozone levels in the future after
attaining the current NAAQS (75 ppb) and taking into account projections of future air quality
reflecting on-the-books Federal regulations, enforcement actions, state regulations, and
population and economic growth. This allows us to then estimate the incremental costs and

benefits of attaining alternative primary standard levels.

Attaining 75 ppb reflects emissions reductions already achieved as a result of national
regulations, emissions reductions expected prior to 2025 from recently promulgated national
regulations (i.e., reductions that were not realized before promulgation of the previous standard,
but are expected prior to attainment of the existing ozone standard), and reductions from
additional controls that the EPA estimates need to be included to attain the existing standard (75
ppb). Emissions reductions achieved as a result of state and local agency regulations and
voluntary programs are reflected to the extent that they are represented in emissions inventory
information submitted to the EPA by state and local agencies. We took two steps to develop the
baseline reflecting attainment of 75 ppb. First, national ozone concentrations were projected
based on population and economic growth and the application of emissions controls resulting
from national rules promulgated prior to this analysis, as well as state programs and enforcement
actions. Second, we apply an illustrative control strategy to estimate emissions reductions for the

current standard of 75 ppb, also referred to as the baseline.

Below is a list of some of the national rules reflected in the baseline. For a more complete
list, please see the Technical Support Document: Preparation of Emissions Inventories for the

Version 6.1, 2011 Emissions Modeling Platform (US EPA, 2014a).

1-6



e Carbon Pollution Emission Guidelines for Existing Stationary Sources: Electric Utility
Generating Units (U.S. EPA, 2014b)

e Tier 3 Motor Vehicle Emission and Fuel Standards (U.S. EPA, 2014c)

e Mercury and Air Toxics Standards (U.S. EPA, 2011)

e Reciprocating Internal Combustion Engines (RICE) NESHAPs (U.S. EPA, 2010)

e Hospital/Medical/Infectious Waste Incinerators: New Source Performance Standards and
Emission Guidelines: Final Rule Amendments (U.S. EPA, 2009)

e (3 Oceangoing Vessels (U.S. EPA, 2010)

¢ Emissions Standards for Locomotives and Marine Compression-Ignition Engines (U.S.
EPA, 2008b)

e Control of Emissions for Nonroad Spark Ignition Engines and Equipment (U.S. EPA,
2008c¢)

e Regional Haze Regulations and Guidelines for Best Available Retrofit Technology
Determinations (U.S. EPA, 2005b)

e NOx Emission Standard for New Commercial Aircraft Engines (U.S. EPA, 2005)
e C(Clean Air Nonroad Diesel Rule (U.S. EPA, 2004)

e Heavy Duty Diesel Rule (U.S. EPA, 2000)

e Light-Duty Vehicle Tier 2 Rule (U.S. EPA, 1999)

The baseline for this analysis does not assume emissions controls that might be
implemented to meet the other NAAQS for PM2s5, NO2, or SO2. We did not conduct this analysis
incremental to controls applied as part of previous NAAQS analyses because the data and
modeling on which these previous analyses were based are now considered outdated and are not
compatible with the current ozone NAAQS analysis.® In addition, all control strategies analyzed
in NAAQS RIAs are hypothetical. This analysis presents one scenario that states may employ

but does not prescribe how attainment must be achieved.

® There were no additional NOx controls applied in the PM, s NAAQS RIA, and therefore there would be little to no
impact on the controls selected as part of this analysis. In addition, the only geographic areas that exceed the
alternative ozone standard levels analyzed in this RIA and in the 2012 PM, s NAAQS RIA are in California. The
attainment dates for a new PM, s NAAQS would likely precede attainment dates for a revised ozone NAAQS.
While the 2012 PM, s NAAQS RIA concluded that controls on directly emitted PM, s were the most cost-
effective on a $/ug basis, states may choose to adopt different control options. These options could include NOx
controls. It is difficult to determine the impact on costs and benefits for this RIA because it is highly dependent
upon the control measures that would be chosen and the costs of these measures.
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1.3.3  Establishing the Baseline for Evaluation of Alternative Standards

The RIA evaluates, to the extent possible, the costs and benefits of attaining the proposed
and alternative ozone standards incremental to attaining the existing ozone standard and
implementing existing and expected regulations. We assume that potential nonattainment areas
everywhere in the U.S., excluding California, will be designated such that they are required to
reach attainment by 2025, and we developed our projected baselines for emissions, air quality,

and populations for 2025.

The EPA will likely finalize designations for a revised ozone NAAQS in late
2017. Depending on the precise timing of the effective date of those designations, nonattainment
areas classified as Marginal will likely have to attain in either late 2020 or early
2021. Nonattainment areas classified as Moderate will likely have to attain in either late 2023 or
early 2024. If a Moderate nonattainment area qualifies for two 1-year extensions, the area may
have as late as early 2026 to attain. Lastly, Serious nonattainment areas will likely have to attain
in late 2026 or early 2027. We selected 2025 as the primary year of analysis because it provided
a good representation of the remaining air quality concerns that moderate nonattainment areas
would face and because most areas of the U.S. will likely be required to meet a revised ozone
standard by 2025. States with areas classified as Moderate and higher are required to develop
attainment demonstration plans for those nonattainment areas. In this RIA we present the

primary costs and benefits estimates for 2025.

In estimating the incremental costs and benefits of potential alternative standards, we
recognize that there are several areas that are not required to meet the existing ozone standard by
2025. The Clean Air Act allows areas with more significant air quality problems to take
additional time to reach the existing standard. Several areas in California are not required to
meet the existing standard by 2025 and may not be required to meet a revised standard until

sometime between 2032 and 2037.7 We were not able to project emissions and air quality

7 The EPA will likely finalize designations for a revised ozone NAAQS in late 2017. Depending on the precise
timing of the effective date of those designations, nonattainment areas classified as Severe 15 will likely have to
attain sometime between late 2032 and early 2033 and nonattainment areas classified as Extreme will likely have
to attain sometime between late 2037 and early 2038cember 31,.
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beyond 2025 for California, however, we adjusted baseline air quality to reflect mobile source
emissions reductions for California that would occur between 2025 and 2030; these emissions
reductions were the result of mobile source regulations expected to be fully implemented by
2030. While there is uncertainty about the precise timing of emissions reductions and related
costs for California, we assume costs occur through the end of 2037 and beginning of 2038. In

addition, we model benefits for California using projected population demographics for 2038.

Because of the different timing for incurring costs and accruing benefits and for ease of
discussion throughout the analyses, we refer to the different time periods for potential attainment
as 2025 and post-2025 to reflect that (1) we did not project emissions and air quality for any year
other than 2025; (2) for California, emissions controls and associated costs are assumed to occur
through the end of 2037 and beginning of 2038; and (3) for California benefits are modeled using
population demographics in 2038. It is not straightforward to discount the post-2025 results for
California to compare with or add to the 2025 results for the rest of the U.S. While we estimate
benefits using 2038 information, we do not have good information on precisely when the costs of
controls will be incurred. Because of these differences in timing related to California attaining a
revised standard, the separate costs and benefits estimates for post-2025 should not be added to

the primary estimates for 2025.

1.4 Health and Welfare Benefits Analysis Approach
1.4.1 Health Benefits

The EPA estimated human health (e.g., mortality and morbidity effects) under both
partial and full attainment of the three alternative ozone standards. We considered an array of
health impacts attributable to changes in ozone and PM 2.5 exposure and estimated these benefits
using the BenMAP tool (US EPA, 2014), which has been used in many recent RIAs (e.g., U.S.
EPA, 2006, 2011a, 2011b), and The Benefits and Costs of the Clean Air Act 1990 to 2020 (U.S.
EPA, 2011c). The EPA has incorporated an array of policy and technical updates to the benefits
analysis approach applied in this RIA, including incorporation of the most recent epidemiology
studies evaluating mortality and morbidity associated with ozone and PMz.s exposure, and an
expanded uncertainty assessment. Each of these updates is fully described in the health benefits

chapter (Chapter 5). In addition, unquantified health benefits are also discussed in Chapter 5.



1.4.2 Welfare Co-Benefits

Even though the primary standards are designed to protect against adverse effects to
human health, the emissions reductions would have welfare co-benefits in addition to the direct
human health benefits. The term welfare co-benefits covers both environmental and societal
benefits of reducing pollution. Welfare co-benefits of the primary ozone standard include
reduced vegetation effects resulting from ozone exposure, reduced ecological effects from
particulate matter deposition and from nitrogen emissions, reduced climate effects, and changes

in visibility. Both welfare co-benefits are discussed further in Chapter 6.

1.5 Cost Analysis Approach

The EPA estimated total costs under partial and full attainment of the three alternative
ozone standards. These cost estimates reflect only engineering costs, which generally include the
costs of purchasing, installing, and operating the referenced control technologies. The
technologies and control strategies selected for analysis are illustrative of one way in which
nonattainment areas could meet a revised standard. There are numerous ways to construct and
evaluate potential control programs that would bring areas into attainment with alternative
standards, and the EPA anticipates that state and local governments will consider programs that

are best suited for local conditions.

The partial-attainment cost analysis reflects the engineering costs associated with
applying end-of-pipe controls, or known controls. Costs for full attainment include estimates for
the costs associated with the additional emissions reductions that are needed beyond known
controls, referred to as unknown controls. The EPA recognizes that the portion of the cost
estimates from unknown controls reflects substantial uncertainty about which sectors and which

technologies might become available for cost-effective application in the future.

1.6 Organization of this Regulatory Impact Analysis

This RIA includes the following ten chapters:

o Chapter 1: Introduction and Background. This chapter introduces the purpose of the
RIA.

o Chapter 2: Defining the Ozone Air Quality Problem. This chapter characterizes the
nature, scope, and magnitude of the current-year ozone problem.



o Chapter 3: Air Quality Modeling and Analysis. The data, tools, and methodology used for
the air quality modeling are described in this chapter, as well as the post-processing
techniques used to produce a number of air quality metrics for input into the analysis of
costs and benefits.

e Chapter 4: Control Strategies. This chapter presents the hypothetical control strategies,
the geographic areas where controls were applied, and the results of the modeling that
predicted ozone concentrations in 2025 after applying the control strategies.

o Chapter 5: Human Health Benefits Analysis. This chapter quantifies the health-related
benefits of the ozone-related air quality improvements associated with several alternative
standards.

e Chapter 6: Welfare Co-Benefits of the Primary Standard. This chapter quantifies and
monetizes selected other welfare effects, including vegetation effects from ozone
exposure, ecological effects from nitrogen and sulfur emissions, changes in visibility,
materials damage, ecological effects from PM deposition, ecological effects from
mercury deposition, and climate effects.

o Chapter 7. Engineering Cost Analysis. This chapter summarizes the data sources and
methodology used to estimate the engineering costs of partial and full attainment of
several alternative standards.

e Chapter 8: Comparison of Benefits and Costs. This chapter compares estimates of the
total benefits with total costs and summarizes the net benefits of several alternative
standards.

o Chapter 9: Statutory and Executive Order Impact Analyses. This chapter summarizes the
Statutory and Executive Order impact analyses.

o Chapter 10: Qualitative Discussion of Employment Impacts of Air Quality. This chapter
provides a discussion of employment impacts of reducing emissions of ozone precursors.
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CHAPTER 2: DEFINING THE OZONE AIR QUALITY PROBLEM

Overview

This section provides overviews of ozone precursor emissions and atmospheric chemistry
(section 2.1); ambient ozone concentrations (section 2.2); ambient ozone monitoring in the U.S.

(section 2.3); and available evidence and information related to background ozone (section 2.4).

2.1 Emissions and Atmospheric Chemistry

Ozone is formed through photochemical reactions of precursor gases and is not directly
emitted from specific sources. In the stratosphere, ozone occurs naturally and provides protection
against harmful solar ultraviolet radiation. In the troposphere, near ground level, ozone forms
through atmospheric reactions involving two main classes of precursor pollutants: volatile
organic compounds (VOCs) and nitrogen oxides (NOx). Carbon monoxide (CO) and methane
(CHa4) are also important for ozone formation over longer time periods (US EPA, 2013, section

3.2.2).

Emissions of ozone precursor compounds can be divided into anthropogenic and natural
source categories, with natural sources further divided into biogenic emissions (from vegetation,
microbes, and animals) and abiotic emissions (from biomass burning, lightning, and geogenic
sources). Anthropogenic sources, including mobile sources and power plants, account for the
majority of NOx and CO emissions. Anthropogenic sources are also important for VOC
emissions, though in some locations and at certain times of the year (e.g., southeastern states
during summer) the majority of VOC emissions comes from vegetation (US EPA, 2013, section

3.2.1).

Rather than varying directly with emissions of its precursors, ozone changes in a nonlinear
fashion with the concentrations of its precursors. NOx emissions lead to both the formation and
destruction of ozone, depending on the local quantities of NOx, VOC, free radicals, and sunlight.
In areas dominated by fresh emissions of NOx, radicals are removed, which lowers the ozone
formation rate. In addition, the scavenging of ozone by reaction with NO is called “titration” and
is often found in downtown metropolitan areas, especially near busy streets and roads, as well as
in power plant plumes. This short-lived titration results in localized areas in which ozone

concentrations are suppressed compared to surrounding areas, but which contain NOz that
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contributes to subsequent ozone formation further downwind. The NOx titration effect is most
pronounced in urban core areas that have a high volume of mobile source NOx emissions from
vehicles. In areas with relatively low NOx concentrations, such as those found in remote
continental areas and rural and suburban areas downwind of urban centers, ozone production
typically responds linearly to NOx concentrations (e.g., ozone decreases with decreasing NOx
emissions). Consequently, ozone response to reductions in NOx emissions is complex and may
include ozone decreases at some times and locations and increases of ozone at other times and
locations. As a general rule, as NOx emissions reductions occur, you can expect lower ozone
values to increase while the higher ozone values would be expected to decrease. NOx reductions
are expected to result in a compressed ozone distribution, relative to current conditions (EPA,

2014a).

The formation of ozone from precursor emissions is also affected by meteorological
parameters such as the intensity of sunlight and atmospheric mixing. Major episodes of high
ground-level ozone concentrations in the eastern United States are often associated with slow-
moving high pressure systems. High pressure systems during the warmer seasons are associated
with the sinking of air, resulting in warm, generally cloudless skies, with light winds. The
sinking of air results in the development of stable conditions near the surface that inhibit or
reduce the vertical mixing of ozone precursors. The combination of inhibited vertical mixing and
light winds minimizes the dispersal of pollutants, allowing their concentrations to build up. In
addition, in some parts of the United States (e.g., in Los Angeles), mountain barriers limit mixing
and result in a higher frequency and duration of days with elevated ozone concentrations.
Photochemical activity involving precursors is enhanced during warmer seasons because of the

greater availability of sunlight and higher temperatures (US EPA, 2013, section 3.2).

Elevated wintertime ozone concentrations have recently been measured in mountain
valleys in the Western U.S. (Schnell et al, 2009; Rappengluck et al., 2014; Helmig et al., 2014).
Hourly ozone concentrations during these winter events have been observed to reach 160 ppb.
This phenomenon is believed to result from the combination of several factors: 1) strong
wintertime inversions or “cold pools”, which trap air in a shallow layer close to the ground, 2)
substantial emissions of NOx and VOC from nearby oil and gas operations, 3) high albedo of

deep snow, which leads to enhanced UV intensity and photochemical activity, and 4) possible
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uncharacterized sources of radicals. These wintertime ozone events have currently only been
observed in a limited number of locations in Wyoming, Utah, and Colorado. Events can last for
multiple days and can occur several times a year, but do not occur every winter in these

locations.

Ozone concentrations in a region are affected both by local formation and by transport of
ozone and its precursors from upwind areas. Ozone transport occurs on many spatial scales
including local transport between cities, regional transport over large regions of the U.S. and
international/long-range transport. In addition, ozone can be transferred into the troposphere
from the stratosphere, which is rich in ozone, through stratosphere-troposphere exchange (STE).
These intrusions usually occur behind cold fronts, bringing stratospheric air with them and
typically affect ozone concentrations in higher elevation areas (e.g. > 1500 m) more than areas at
lower elevations (U.S. EPA, 2013, section 3.4.1.1). The role of long-range transport of ozone and

other elements of ozone background are discussed in more detail in Section 2.4.

2.2 Spatial and Temporal Variations in Ambient Ozone Concentrations

Because ozone is a secondary pollutant formed in the atmosphere from precursor
emissions, concentrations are generally more regionally homogeneous than concentrations of
primary pollutants emitted directly from stationary and mobile sources (US EPA, 2013, section
3.6.2.1). However, variation in local emissions characteristics, meteorological conditions, and
topography can result in daily and seasonal temporal variability in ambient ozone concentrations,

as well as local and national-scale spatial variability.

Temporal variation in ambient ozone concentrations results largely from daily and seasonal
patterns in sunlight, precursor emissions, atmospheric stability, wind direction, and temperature
(US EPA, 2013, section 3.7.5). On average, ambient ozone concentrations follow well-
recognized daily and seasonal patterns, particularly in urban areas. Specifically, daily maximum
1-hour ozone concentrations in urban areas tend to occur in mid-afternoon, with more
pronounced peaks in the warm months of the ozone season than in the colder months (US EPA,
2013, Figures 3-54, 3-156 to 3-157). Rural sites also follow this general pattern, though it is less
pronounced in colder months (US EPA, 2013, Figure 3-55). With regard to day-to-day

variability, median maximum daily 8-hour average (MDAS) ozone concentrations in U.S. cities
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from 2007 through 2009 were approximately 47 ppb, with typical ranges between 35 to 60 ppb
and the highest MDAS concentrations above 100 ppb in several U.S. cities (as noted further
below).

In addition to temporal variability, there is considerable spatial variability in ambient
ozone concentrations within cities and across different cities in the United States. With regard to
spatial variability within a city, local emissions characteristics, geography, and topography can
have important impacts. For example, as noted above, fresh NO emissions from motor vehicles
titrate ozone present in the urban background air, resulting in an ozone gradient around roadways
with ozone concentrations increasing as distance from the road increases (US EPA, 2013, section
3.6.2.1). Measured ozone concentrations are relatively uniform and well-correlated within some
cities (e.g., Atlanta) while they are more variable in others (e.g., Los Angeles) (US EPA, 2013,
section 3.6.2.1 and Figures 3-28 to 3-36).

Ozone concentrations also vary considerably across cities. Several cities had very high
measured ozone concentrations in 2007 through 2009 when the maximum recorded MDAS was
137 ppb in Los Angeles, and was near or above 120 ppb in Atlanta, Baltimore, Dallas, New York
City, Philadelphia, and St. Louis (US EPA, 2013, Table 3-10). These same cities also had high
98" percentile ozone concentrations, with Los Angeles recording the highest 98™ percentile
concentration (91 ppb) and many eastern and southern cities reporting 98" percentile
concentrations near or above 75 ppb. In contrast, somewhat lower 98" percentile ozone
concentrations were recorded in cities in the western United States outside of California (US

EPA, 2013, Table 3-10).

Rural sites can be affected by transport of ozone or ozone precursors from upwind urban
areas and by local anthropogenic sources such as motor vehicles, power generation, biomass
combustion, or oil and gas operations (US EPA, 2013, section 3.6.2.2). In addition, ozone tends
to persist longer in rural than in urban areas due to lower rates of chemical scavenging in non-
urban environments. At higher elevations, increased ozone concentrations can also result from
stratospheric intrusions (US EPA, 2013, sections 3.4, 3.6.2.2). As a result, ozone concentrations
measured in some rural sites can be higher than those measured in nearby urban areas (US EPA,

2013, section 3.6.2.2).



23 Ozone Monitoring
2.3.1 Ozone Monitoring Network

To monitor compliance with the National Ambient Air Quality Standards (NAAQS), state
and local environmental agencies operate ozone monitoring sites at various locations, depending
on the population of the area and typical peak ozone concentrations.® All of the state and local
monitoring stations that report data to the EPA Air Quality System (AQS) use ultraviolet (UV)
Federal Equivalent Methods (FEMs). In 2013, there were over 1,300 state, local, and tribal ozone
monitors reporting concentrations to EPA. The “State and Local Monitoring Stations” (SLAMS)
minimum monitoring requirements to meet the ozone design criteria are specified in 40 CFR Part
58, Appendix D. The requirements are both population and design value based.’ The minimum
number of 0zone monitors required in a Metropolitan Statistical Area (MSA) ranges from zero
for areas with a population of at least 50,000 and under 350,000 with no recent history of an
ozone design value greater than 85 percent of the NAAQS, to four for areas with a population
greater than 10 million and an ozone design value greater than 85 percent of the NAAQS. At
least one site for each MSA, or Combined Statistical Area (CSA), must be sited to record the
maximum concentration for that particular metropolitan area. Since highest ozone concentrations
tend to be associated with particular seasons for various locations, EPA requires ozone

monitoring during specific ozone monitoring seasons, which vary by state.!”

Figure 2-1 shows the locations of the U.S. ambient ozone monitoring sites reporting data to
EPA at any time during the 2009-2013 period. The gray dots that make up over 80% of the
ozone monitoring network are SLAMS monitors, which are operated by state and local
governments to meet regulatory requirements and provide air quality information to public health
agencies. Thus, the SLAMS monitoring sites are largely focused on urban and suburban areas.

The blue dots highlight two important subsets of monitoring sites within the SLAMS network:

8 The minimum ozone monitoring network requirements for urban areas are listed in Table D-2 of Appendix D to 40
CFR Part 58.

% A design value is a statistic that describes the air quality status of a given area relative to the level of the NAAQS.
Design values are typically used to classify nonattainment areas, assess progress towards meeting the NAAQS,
and develop control strategies. See http://epa.gov/airtrends/values.html (U, 2010, 677582) for guidance on how
these values are defined.

10 The required ozone monitoring seasons for each state are listed in Table D-3 of Appendix D to 40 CFR Part 58.
Revised monitoring seasons are being proposed along with the proposed revision of the ozone NAAQS level.
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the “National Core” (NCore) multi-pollutant monitoring network and the “Photochemical

Assessment Monitoring Stations” (PAMS) network.

While the existing U.S. ozone monitoring network has a largely urban focus, to address
ecosystem impacts of ozone, such as biomass loss and foliar injury, it is equally important to
focus on ozone monitoring in rural areas. The green dots in Figure 2-1 represent the Clean Air
Status and Trends Network (CASTNET) monitors, which are located in rural areas. There were
about 80 CASTNET sites operating in 2013, with sites in the eastern U.S. being operated by
EPA and sites in the western U.S. being operated by the National Park Service (NPS).!! In total,

there were about 120 rural ozone monitoring sites operating in the U.S. in 2013.

® SLAMS ® CASTNET ® NCORE/PAMS ® SPMS/OTHER

Figure 2-1. Map of U.S. Ambient O3 Monitoring Sites Reporting Data to EPA During the
2009-2013 Period

! Additionally, the black dots represent “Special Purpose Monitoring Stations” (SPMS), which include about 20
rural monitors as part of the “Portable O; Monitoring System” (POMS) network operated by the NPS.



2.3.2  Recent Ozone Monitoring Data and Trends

To determine whether or not the ozone NAAQS has been met at an ambient monitoring
site, a statistic commonly referred to as a “design value” must be calculated based on three
consecutive years of data collected from that site. The form of the existing 0ozone NAAQS design
value (DV) statistic is the 3-year average of the annual 4™ highest daily maximum 8-hour ozone
concentration in parts per billion (ppb), with decimal digits truncated. The existing primary and
secondary ozone NAAQS are met at an ambient monitoring site when the DV is less than or
equal to 75 ppb.'? In counties or other geographic areas with multiple monitoring sites, the area-
wide DV is defined as the DV at the highest individual monitoring site, and the area is said to

have met the NAAQS only if all monitoring sites in the area are meeting the NAAQS.

Figure 2-2 shows the trend in the annual 4™ highest daily maximum 8-hour ozone
concentrations in ppb based on 910 “trends” sites with complete data records over the 2000 to
2013 period. The center line in this figure represents the median value across the trends sites,
while the dashed lines represent the 25" and 75™ percentiles, and the bottom and top lines
represent the 10 and 90™ percentiles. Figure 2-3 shows a map of the ozone DV (in ppb)
averaged across the 2009-2011, 2010-2012, and 2011-2013 periods at all monitoring sites in the
contiguous U.S."® The trend figure shows that the annual 4™ highest daily maximum values
decreased for the vast majority of monitoring sites in the U.S. between 2000 and 2013. The
decreasing trend is especially sharp from 2002 to 2004, when EPA implemented the “NOx SIP
Call”, a program designed to reduce summertime emissions of NOx in the eastern U.S., but has
continued to decrease since then, in part due to ongoing reductions in mobile source NOx
emissions. Within the overall downward trend, there are periodic short-term increases. These
variations from the overall trend are the result of inter-annual variability in meteorological

conditions.

12 For more details on the data handling procedures used to calculate design values for the existing ozone NAAQS,
see 40 CFR Part 50, Appendix P.
13 All monitoring sites in Alaska, Hawaii, and Puerto Rico had DVs below 60 ppb.
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Trend in Annual 4th Highest Daily Maximum 8-hour O3 Concentrations
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Figure 2-2. Trend in U.S. Annual 4th Highest Daily Maximum 8-hour Ozone
Concentrations in ppb, 2000 to 2013. Solid center line represents the median
value across monitoring sites, dashed lines represent 25th and 75th percentile
values, and top/bottom lines represent 10th and 90th percentile values.

)
® 44 -60 ppb (99 sites) © 66-70 pp (334 sites) @ 76 - 105 ppb (265 sites)
® 61-65ppb (193 sites) @ 71 - 75 ppb (334 sites)
Figure 2-3. Map of 8-hour Ozone Design Values in ppb, Averaged Across the 2009-2011,
2010-2012, and 2011-2013 Periods
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In addition to the DV described above, another ozone metric of interest is the W126 index
value, which has been found to correlate with ozone-related damage to plants and ecosystems
(EPA, 2014c¢). The W126 metric is a seasonal aggregate of daytime (8:00 AM to 8:00 PM)
hourly ozone concentrations designed to measure the cumulative effects of ozone exposure on
plant and tree species, with units in parts per million-hours (ppm-hrs). The W126 metric uses a
logistic weighting function to place less emphasis on exposure to low hourly ozone
concentrations and more emphasis on exposure to high hourly ozone concentrations (Lefohn et

al, 1988).

Figure 2-4 shows the trend in annual W126 concentrations in ppm-hrs based on 900
“trends” sites with complete data records over the 2000 to 2013 period. The center line in this
figure represents the median value across the trends sites, while the dashed lines represent the
25" and 75% percentiles, and the bottom and top lines represent the 10™ and 90™ percentiles.
Figure 2-5 shows a map of the 3-year average annual W126 concentrations in ppm-hrs averaged
across the 2009-2011, 2010-2012, and 2011-2013 periods at all monitoring sites in the
contiguous U.S. The general patterns seen in these figures are similar to those seen in the DV

metric for the existing standard.

Trend in Annual W126 Concentrations

25

-
e
-
£
=4
=3
=
=
=3
=
[
—
=]
[
s
O
=
[=3
]

Mational Trend Based on 900 Monitoring Sites

T T T T T T T T T T T T

o -— o (5] =T [T [iw] - [es] (s3] o -— o (L8]

o o () o o o o () o o -~ -— -— -t

= (o) (o) (o] (o) [an] = (o) [aw] (o] (o) (] (o) (o)

o o o o o4 o (o] o o o o o o o
Year

2-9



Figure 2-4. Trend in U.S. Annual W126 Concentrations in ppm-hrs, 2000 to 2013. Solid
center line represents the median value across monitoring sites, dashed lines
represent 25th and 75th percentile values, and top/bottom lines represent 10th
and 90th percentile values.

® 0-3ppm-hr (106 sites) © 8- 11 ppm-hr (381 sites) ® 16 - 55 ppm-hr (147 sites)
@ 4-7 ppm-hr (326 sites) © 12 - 15 ppm-hr (241 sites)

Figure 2-5. Map of 3-year Average W126 Values in ppm-hrs, Averaged Across the 2009-
2011, 2010-2012, and 2011-2013 Periods

2.4  Background Ozone

One of the aspects of ozone that is unusual relative to the other pollutants with NAAQS is
that, periodically, in some locations, an appreciable fraction of the observed ozone results from
sources or processes other than local and domestic regional anthropogenic emissions of 0ozone
precursors (Fiore et al., 2002). Any ozone formed by processes other than the chemical
conversion of local or regional ozone precursor emissions is generically referred to as
“background” ozone. Background ozone can originate from natural sources of ozone and ozone
precursors, as well as from manmade international emissions of ozone precursors. Natural
sources of ozone precursor emissions such as wildfires, lightning, and vegetation can lead to

ozone formation by chemical reactions with other natural sources. Another important component

2-10



of background is ozone that is naturally formed in the stratosphere through interactions of
ultraviolet light with molecular oxygen. Stratospheric ozone can mix down to the surface at high
concentrations in discrete events called intrusions, especially at higher-altitude locations. The
manmade portion of the background includes any ozone formed due to anthropogenic sources of
ozone precursors emitted far away from the local area (e.g., international emissions). Finally,
both biogenic and international anthropogenic emissions of methane, which can be chemically
converted to ozone over relatively long time scales, can also contribute to global background
ozone levels. Away from the surface, ozone can have an atmospheric lifetime on the order of
weeks. As a result, background ozone can be transported long distances in the upper troposphere
and, when meteorological conditions are favorable, be available to mix down to the surface and

add to the ozone loading from non-background sources.

The definition of background ozone can vary depending upon context, but it generally
refers to ozone that is formed by sources or processes that cannot be influenced by actions within
the jurisdiction of concern. In the Policy Assessment for the Review of the Ozone National
Ambient Air Quality Standards (US EPA, 2014c¢), EPA identified three specific definitions of
background ozone: natural background (NB), North American background (NAB), and United
States background (USB). Natural background is the narrowest definition of background, and it
is defined as the ozone that would exist in the absence of any manmade ozone precursor
emissions. The other two definitions of background are based on a presumption that the U.S. has
little influence over anthropogenic emissions outside either our continental or domestic borders.
North American background is defined as that ozone that would exist in the absence of any
manmade ozone precursor emissions from North America. U.S. background is defined as that

ozone that would exist in the absence of any manmade emissions inside the United States.

Modeling studies have estimated what background levels would be in the absence of
certain sets of emissions by simply assessing the remaining ozone in a simulation in which
certain emissions were removed (Zhang et al. (2011), Emery et al. (2012), US EPA (2014c)).
This basic approach is often referred to as “zero-out” modeling or “emissions perturbation”
modeling. While the zero-out approach has traditionally been used to estimate natural

background, North American background, and U.S. background, the methodology has an
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acknowledged limitation. It cannot answer the question of how much of the existing observed

ozone results from background sources or processes.

A separate modeling technique can be used to estimate the contribution of background
ozone and other contributing source terms to total ozone within a model. This approach, referred
to as “source apportionment” modeling, has been described and evaluated in the peer-reviewed
literature (Dunker et al., 2002; Kemball-Cook et al., 2009). Source apportionment modeling has
frequently been used in other regulatory settings to estimate the “contribution” to ozone of
certain sets of emissions (EPA 2005, EPA 2011). The source apportionment technique provides a
means of estimating the contributions of each user-identified source category to ozone formation
in a single model simulation. This is achieved by using multiple tracer species to track the fate of
ozone precursor emissions (VOC and NOx) and the ozone formation resulting from these
emissions. The methodology is designed so that all ozone and precursor concentrations are
tracked and apportioned to the selected source categories at all times without perturbing the
inherent chemistry. The primary limitation of the source apportionment modeling is that its
estimations of background ozone are explicitly linked to the emissions scenarios modeled and

would change with different emissions scenarios.

2.4.1 Seasonal Mean Background Ozone in the U.S.

The ISA (US EPA 2013, section 3.4) previously established that background ozone
concentrations vary spatially and temporally and that simulated mean background concentrations
are highest at high-elevation sites within the western U.S. Background levels typically are
greatest over the U.S. in the spring and early summer. EPA modeling presented in the Policy
Assessment for the Review of the Ozone National Ambient Air Quality Standards (US EPA,
2014c) focused on the months from April to October for 2007 (note that the 2007 modeling is
separate from the 2011 modeling described in Chapter 3 and used as the basis of cost and benefit
numbers in this RIA). Emissions and model set-up for the 2007 analysis are described in more
detail in the Policy Assessment. Briefly, the emissions for 2007 were derived from the 2008
National Emissions Inventory but included 2007 year-specific emissions where available.
Wildfire emissions were based on a multi-year climatological average as this analysis was meant
to capture seasonal mean background and typical ranges rather than explicitly quantify

background ozone on specific days. Figure 2-6 displays the spatial patterns of seasonal mean
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natural background ozone as estimated by a 2007 zero-out scenario using the Community
Multiscale Air Quality (CMAQ) model. Seasonal means are computed over those seven months.
This figure shows the average daily maximum 8-hour ozone concentration that would exist in the
absence of any anthropogenic ozone precursor emissions at monitor locations. As shown,
seasonal mean NB levels range from approximately 15-35 ppb (i.e., +/- 1 standard deviation)
with the highest values at higher-elevation sites in the western U.S. The median value over these
locations is 24.2 ppb, and more than 50 percent of the locations have natural background levels
of 20-25 ppb. The highest modeled estimate of seasonal average, natural background, 8-hr daily
maximum ozone is 34.3 ppb at the high-elevation CASTNET site (Gothic) in Gunnison County,
CO. Natural background ozone levels are higher at these high-elevation locations primarily
because of natural stratospheric ozone impacts and international transport impacts that increase

with altitude (where ozone lifetimes are longer).
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Figure 2-6. Map of 2007 CMAQ- estlmated Seasonal Mean of 8-hour Daily Maximum
Ozone from Natural Background (ppb) based on Zero-Out Modeling
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Figures 2-7 and 2-8 show the same information for the NAB and USB scenarios. In these
model runs, all anthropogenic ozone precursor emissions were removed from the U.S., Canada,
and Mexico portions of the modeling domain (NAB scenario) and then only from the U.S. (USB
scenario). The figures show that there is not a large difference between the NAB and USB
scenarios. Seasonal mean NAB and USB ozone levels range from 25-50 ppb, with the most

frequent values estimated in the 30-35 ppb range. The median seasonal mean background levels
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are 31.5 and 32.7 ppb (NAB and USB, respectively). Again, the highest levels of seasonal mean

background ozone are predicted over the intermountain western U.S. Locations with NAB and

USB concentrations greater than 40 ppb are confined to Colorado, Nevada, Utah, Wyoming,

northern Arizona, eastern California, and parts of New Mexico. The 2007 EPA modeling

suggests that seasonal mean USB concentrations are on average 1-3 ppb higher than NAB

background. These results were similar to those reported by Wang et al. (2009). From a seasonal

mean perspective, background ozone levels are below the NAAQS thresholds.

Ozone (ppb)
- ® 200
@® 220
@ 25-30(3%)
@® :0-35(629
@ 35-400147)
Q© 40-450121)
O 45-.50(2
50 - 55 (0)
@ s55-600
Saurcas:UsGs, ESribTmeND, soutey @ > 60 (0)

Figure 2-7. Map of 2007 CMAQ- estlmated Seasonal Mean of 8-hour Daily Maximum

Ozone from North American Background (ppb) based on Zero-out Modeling
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Figure 2-8. Map of 2007 CMAQ-estimated Seasonal Mean of 8-hour Daily Maximum
Ozone from United States Background (ppb) based on Zero-Out Modeling

2.4.2 Seasonal Mean Background Ozone in the U.S. as a Proportion of Total Ozone

Another informative way to assess the importance of background ozone as part of
seasonal mean ozone levels across the U.S. is to consider the ratios of NB, NAB, and USB to
total modeled ozone at each monitoring location. Considering the proportional impact of
background ozone allows for an initial assessment of the relative importance of background and
non-background sources. Because ozone chemistry is non-linear, one should not assume that
individual perturbations (e.g., zero-out runs) are additive in all locations. Figures 2-9 and 2-10
show the ratio of U.S. background to total ozone using the metric of the seasonal mean 8-hr daily
maximum ozone concentrations as estimated by both the zero-out and source apportionment
modeling methodologies. Recall that the terms NB, NAB, and USB are explicitly linked to the
zero-out modeling approach. For comparison, in Figure 2-10 we are extending the definition of
USB to also include the source apportionment model estimates of the ozone that are attributable
to sources other than U.S. anthropogenic emissions. To preserve the original definition of USB,
this second term will be hereafter referred to as “apportionment-based USB”. As noted earlier,
the advantage of the source apportionment modeling is that all of the modeled ozone is attributed
to various source terms without perturbing the inherent chemistry. Thus, this approach is not
affected by the confounding occurrences of background ozone values exceeding the base ozone

values as can happen in the zero-out modeling (i.e., background proportions > 100%).
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Consequently, one would expect the fractional background levels to be lower in the source

apportionment methodology as a result of removing this artifact.

When averaged over all sites, ozone from sources other than U.S. anthropogenic
emissions is estimated to comprise 66 (zero-out) and 59 (source apportionment) percent of the
total seasonal ozone mean. The spatial patterns of USB and apportionment-based USB are
similar across the two modeling exercises. Background ozone is a relatively larger percentage
(e.g., 70-80%) of the total seasonal mean ozone in locations within the intermountain western
U.S. and along the U.S. border. In locations where ozone levels are generally higher, like
California and the eastern U.S., the seasonal mean background fractions are relatively smaller
(e.g., 40-60%). The additional 2007 modeling confirms that background ozone, while generally
not approaching levels of the ozone standard, can comprise a considerable fraction of total

seasonal mean ozone across the U.S (EPA, 2014c).

2.4.3  Daily Distributions of Background Ozone within the Seasonal Mean

As a first-order understanding, it is valuable to be able to characterize seasonal mean
levels of background ozone. However, it is well established that background levels can vary
substantially from day-to-day within the seasonal mean. From an implementation perspective,
the values of background ozone on possible exceedance days are a more meaningful
consideration. The Policy Assessment for the Review of the Ozone National Ambient Air
Quality Standards (US EPA, 2014c) concluded that “anthropogenic sources within the U.S. are
largely responsible for 4™ highest 8-hour daily maximum O3 concentrations” based on modeling
using a 2007 base year and the two distinct modeling methodologies described above. Figure 2-
11 and 2-12 show the distribution of daily MDAS apportionment-based USB levels (absolute
magnitudes and relative fractions, respectively) from the CAMx simulation. The 2007 modeling
shows that the days with highest ozone levels have similar distributions (i.e., means, inter-
quartile ranges) of background ozone levels as days with lower values, down to approximately
40 ppb. As a result, the proportion of total ozone that has background origins is smaller on high
ozone days (e.g., days > 60 ppb) than on the more common lower ozone days that tend to drive
seasonal means. Figure 2-11 also indicates that there are cases in which the model predicts much
larger background proportions, as shown by the upper outliers in the figure. These infrequent

episodes usually occur in relation to a specific event, and occur more often in specific
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geographical locations, such as at high elevations or wildfire prone areas during the local dry

s€ason.

It should be noted here that EPA has policies for treatment of air quality monitoring data
affected by these types of events. EPA’s exceptional events policy allows exclusion of certain air
quality monitoring data from regulatory determinations if a State adequately demonstrates that an
exceptional event has caused the exceedance or violation of a NAAQS. In addition, Section
179B of the Clean Air Act (CAA) also provides for treatment of air quality data from
international transport when an exceedance or violation of a NAAQS would not have occurred
but for the emissions emanating from outside of the United States. Finally, CAA section 182(h)
authorizes the EPA Administrator to determine that an area designated nonattainment can be
treated as a “rural transport area”. In accordance with the statute, a nonattainment area may
qualify for this distinction if it meets the following criteria: 1) the area does not contain
emissions sources that make a significant contribution to monitored ozone concentrations in the
area, or in other areas; and 2) the area does not include and is not adjacent to an MSA. More
information regarding how background ozone is addressed in Clean Air Act implementation is

provided in Section VILF of the notice of proposed rulemaking.
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CHAPTER 3: AIR QUALITY MODELING AND ANALYSIS

Overview

This regulatory impacts analysis (RIA) evaluates the costs as well as the health and
environmental impacts associated with complying with alterative National Ambient Air Quality
Standards (NAAQS) for ozone. For this purpose, we use air quality modeling to project ozone
concentrations into the future. This chapter describes the data, tools and methodology used for
the analysis, as well as the post-processing techniques used to produce a number of ozone

metrics necessary for this analysis.

Throughout this chapter, the base year modeling refers to model simulations conducted
for 2011 while the 2025 base case simulation refers to a photochemical model run conducted
with emissions projected to the year 2025 assuming all current on-the-books federal regulations
will apply'®. A series of 2025 emissions sensitivity cases are created to determine ozone
response to emissions changes incremental to the 2025 base case. Finally, a set of four scenarios
are developed based on the 2025 base case and emissions sensitivity cases: the baseline scenario
(a scenario which applies additional controls to the 2025 base case that would be required to
meet the current standard of 75 ppb), and 3 alternative standard scenarios which represent
incremental emissions reductions beyond the baseline to meet potential standard levels of 70, 65,

and 60 ppb.

Section 3.1 describes the air quality modeling simulations, section 3.2 describes how
current and future ozone design values are calculated, section 3.3 describes the methodology for
determining necessary emissions reductions for meeting various alternative NAAQS levels, and
section 3.4 describes the creation of spatial surfaces that act as inputs to health and welfare

benefits calculations.

14 The 2012 PM NAAQS is not included in the 2025 base case because the scenarios modeled in PM NAAQS RIA
did not reflect any NOx emissions reductions (US EPA, 2012)
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3.1 Modeling Ozone Levels in the Future

A national scale air quality modeling analysis was performed to estimate ozone
concentrations for the future year of 2025. Ozone sensitivity factors were developed using the
modeled response of 0zone to changes in NOx and VOC emissions from various sources and
locations. The sensitivity factors were used to calculate ratios of changes in ozone to changes in
emissions in order to determine the amount of emissions reductions needed to reach the baseline
and evaluate potential alternative standard levels of 70, 65, and 60 ppb incremental to the
baseline. The resulting emissions reductions were then used to estimate how health- and welfare-
related ozone concentration metrics would change under each scenario. The metrics were used as
inputs to the calculation of expected costs and benefits associated with the precursor emissions

and ozone concentration changes resulting from just attaining the alternative ozone standards.

As described in section 3.2, air quality modeling was used in a relative sense to project
future concentrations of ozone. As part of this approach, ozone predictions from the 2011 base
year simulation are coupled with predictions from the 2025 modeling to calculate the relative
change (between 2011 and 2025) in concentrations. These relative response factors (RRFs) were
applied to the corresponding measured design values'® (DVs) to predict future DVs. Multiple
emissions cases were modeled for 2025 including a 2025 base case and twelve 2025 emissions
sensitivity simulations. Details on the 2011-based air quality modeling platform, the 2025 base
case and emissions sensitivity simulations, along with the methods and results for attaining these

NAAQS levels are provided below.

3.1.1 Selection of Future Analytic Year

The RIA evaluates, to the extent possible, the costs and benefits of attaining the proposed
alternative ozone standards, incremental to attaining the existing 75 ppb ozone standard and
implementing existing and expected regulations. We selected 2025 as the primary year of
analysis because most areas of the U.S. will likely be required to meet a revised ozone standard

by 2025. We assumed that potential nonattainment areas everywhere in the U.S., excluding

15 The design value is the metric that is compared to the standard level to determine whether a monitor is violating
the NAAQS. The ozone design value is described in more detail in section 3.2.
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California, will be designated such that they are required to attain by 2025, and we developed our

projected baselines for emissions, ozone, and populations for 2025.

In estimating the incremental costs and benefits of potential alternative standards, we
recognize that there are several areas that are not required to meet the existing ozone standard of
75 ppb set in 2008 by the year 2025. The Clean Air Act allows areas with more significant air
quality problems to take additional time to reach the existing standard. Several areas in
California are not required to meet the existing standard by 2025 and may not be required to

meet a revised standard until sometime between 2032 and 2037.

We projected emissions for and modeled a single future base case year (2025), however for
California we adjusted the future baseline ozone concentrations to reflect the effects of mobile
source emissions reductions that will occur in California between 2025 and 2030 as described in
Section 3.3. While there is uncertainty about the precise timing of emissions reductions and
related costs for California, we assume costs occur through the end of 2037 and beginning of
2038. In addition, as described in Chapter 5, we model benefits for California using projected

population demographics for 2038.

Because of the different timing for incurring costs and accruing benefits in California and
for ease of discussion throughout the analyses, we refer to the different time periods for potential
attainment as 2025 and post-2025, to reflect that (1) we did not project emissions and air quality
for any year other than 2025; (2) costs in California are assumed to be incurred starting in 2032
and later; and (3) benefits from attainment of alternative standards in California are modeled

using population demographics in 2038.

3.1.2  Air Quality Modeling Platform

The 2011-based air quality modeling platform was used to provide emissions,
meteorology and other inputs to the 2011 and 2025 air quality model simulations. This platform
was chosen because it represents the most recent, complete set of base year emissions

information currently available for national-scale modeling.

We use the Comprehensive Air Quality Model with Extensions (CAMx version 6.1) for

photochemical model simulations performed for the RIA. CAMXx is a three-dimensional grid-



based Eulerian air quality model designed to estimate the formation and fate of oxidant
precursors, primary and secondary particulate matter concentrations, and deposition over
regional and urban spatial scales (e.g., over the contiguous U.S.) (Environ, 2014). Consideration
of the different processes (e.g., transport and deposition) that affect primary (directly emitted)
and secondary (formed by atmospheric processes) pollutants at the regional scale in different
locations is fundamental to understanding and assessing the effects of emissions control
measures that affect air quality concentrations. Because it accounts for spatial and temporal
variations as well as differences in the reactivity of emissions, CAMX is useful for evaluating the
impacts of the control strategies on ozone concentrations. CAMX is applied with the carbon-bond

6 revision 2 (CB612) gas-phase chemistry mechanism (Ruiz and Yarwood, 2013).
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Figure 3-1. Map of the CAMx Modeling Domain Used for Ozone NAAQS RIA




Figure 3-1 shows the geographic extent of the modeling domain that was used for air
quality modeling in this analysis. The domain covers the 48 contiguous states along with the
southern portions of Canada and the northern portions of Mexico. This modeling domain
contains 25 vertical layers with a top at about 17,600 meters, or 50 millibars (mb), and horizontal
resolution of 12 km x 12 km. The model simulations produce hourly air quality concentrations

for each 12 km grid cell across the modeling domain.

CAMXx requires a variety of input files that contain information pertaining to the
modeling domain and simulation period. These include gridded, hourly emissions estimates and
meteorological data, and initial and boundary conditions. Separate emissions inventories were
prepared for the 2011 base year, the 2025 base case, and the 2025 emissions sensitivity
simulations. All other inputs (i.e. meteorological fields, initial conditions, and boundary
conditions) were specified for the 2011 base year model application and remained unchanged for
each future-year modeling simulation. The assumption of constant meteorology and boundary
conditions was applied for two reasons: 1) this allows us to isolate the impacts of U.S. emissions
changes, and 2) there is considerable uncertainty in the direction and magnitude in any changes
in these parameters. EPA recognizes that changes in climate and international emissions may
impact these model inputs. Specifically, climate change may lead to temperature increases,
higher stagnation frequency, and increased wildfire activity, all of which could lead to higher
ozone concentrations. In the western U.S. over the last 15 years increasing wildfires have already
been observed (Dennison et al., 2014). Potential future elevated ozone concentrations could, in
turn, necessitate more stringent emissions reductions. However, there are significant
uncertainties regarding the precise location and timing of climate change impacts on ambient air
quality. Generally, climate projections are most robust for periods at least several decades in the
future because the forcing mechanisms that drive near-term natural variability in climate patterns
(e.g., EI Nino, North American Oscillation) have substantially larger signals over short time
spans than the driving forces related to long-term climate change. Boundary conditions, which
are impacted by international emissions and may also influence future ozone concentrations, are
held constant in this analysis based on a similar rationale regarding the significant uncertainty in

estimating future levels.
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CAMXx requires detailed emissions inventories containing temporally allocated (i.e.,
hourly) emissions for each grid-cell in the modeling domain for a large number of chemical
species that act as primary pollutants and precursors to secondary pollutants. The annual
emission inventories, described in Section 3.1.3, were preprocessed into CAMx-ready inputs
using the Sparse Matrix Operator Kernel Emissions (SMOKE) modeling system (Houyoux et al.,
2000).

Meteorological inputs reflecting 2011 conditions across the contiguous U.S. were derived
from Version 3.4 of the Weather Research Forecasting Model (WRF) (Skamarock, 2008). These
inputs included hourly-varying horizontal wind components (i.e., speed and direction),
temperature, moisture, vertical diffusion rates, and rainfall rates for each grid cell in each vertical
layer. Details of the annual 2011 meteorological model simulation and evaluation are provided in

a separate technical support document (US EPA, 2014a).

The lateral boundary and initial species concentrations are provided by a three-
dimensional global atmospheric chemistry model, GEOS-Chem (Yantosca, 2004) standard
version 8-03-02 with 8-02-01 chemistry. The global GEOS-Chem model simulates atmospheric
chemical and physical processes driven by assimilated meteorological observations from the
NASA'’s Goddard Earth Observing System (GEOS-5; additional information available at:
http://gmao.gsfc.nasa.gov/GEOS/ and http://wiki.seas.harvard.edu/geos-chem/index.php/GEOS-
5). This model was run for 2011 with a grid resolution of 2.0 degrees x 2.5 degrees (latitude-
longitude). The predictions were used to provide one-way dynamic boundary conditions at one-
hour intervals and an initial concentration field for the CAMx simulations. A model evaluation
was conducted to validate the appropriateness of this version and model configuration of GEOS-
Chem for predicting selected measurements relevant to their use as boundary conditions for
CAMX. This evaluation included using satellite retrievals paired with GEOS-Chem grid cell
concentrations (Henderson, 2014). More information is available about the GEOS-Chem model

and other applications using this tool at: http://www-as.harvard.edu/chemistry/trop/geos.

An operational model performance evaluation for ozone was performed to estimate the
ability of the CAMx modeling system to replicate 2011 measured concentrations. This

evaluation focused on statistical assessments of model predictions versus observations paired in



time and space depending on the sampling period of measured data. Details on the evaluation
methodology and the calculation of performance statistics are provided in Appendix 3A. Overall,
the model performance statistics for ozone from the CAMx 2011 simulation are within or close
to the ranges found in other recent peer-reviewed applications (Simon et al, 2012). These model
performance results give us confidence that our application of CAMx using this 2011 modeling
platform provides a scientifically credible approach for assessing ozone concentrations for the

purposes of the RIA.

3.1.3 FEmissions Inventories

The 2011 base year and 2025 base case emissions inventories are described in the
Technical Support Document: Preparation of Emissions Inventories for the Version 6.1, 2011
Emissions Modeling Platform (US EPA, 2014b). Section 4 of the technical support document
(TSD) summarizes the control and growth assumptions by source type that were used to create
the U.S. 2025 base case emissions inventory, and includes a table of such assumptions for each
major source sector. Below we summarize the characteristics of the 2025 base case emissions

for each major source category.

The 2025 electric generating unit (EGU) projected inventory represents demand growth,
fuel resource availability, generating technology cost and performance, and other economic
factors affecting power sector behavior. The EGU emissions were developed using the Integrated
Planning Model (IPM) version 5.13
(http://www.epa.gov/powersectormodeling/BaseCasev513.html). IPM is a multiregional,
dynamic, deterministic linear programming model of the U.S. electric power sector. IPM reflects
the expected 2025 emissions accounting for the effects of environmental rules and regulations,
consent decrees and settlements, plant closures, units built, control devices installed, and forecast
unit construction through the calendar year 2025. In this analysis, the projected EGU emissions
include impacts from the Final Mercury and Air Toxics Standard (MATS) announced on

December 21, 2011 and the Clean Air Interstate Rule (CAIR) issued March 10, 2005.'¢

16 A sensitivity case described in Section 3.1.4 also included a representation of EPA’s proposed carbon pollution
guidelines under section 111(d) of the Clean Air Act (CAA).



Projections for most stationary emission sources other than EGUs (i.e., non-EGUs) were
developed by using the EPA Control Strategy Tool (CoST) to create future year inventories.
CoST is described at http://www.epa.gov/ttnecas1/cost.htm. The 2025 base case non-EGU
stationary source emissions inventory includes all enforceable national rules and programs
including the Reciprocating Internal Combustion Engines (RICE) and cement manufacturing
National Emissions Standards for Hazardous Air Pollutants (NESHAPs) and Boiler Maximum
Achievable Control Technology (MACT) reconsideration reductions. Projection factors and
percent reductions for non-EGU point sources reflect comments previously received by EPA,
along with emissions reductions due to national and local rules, control programs, plant closures,
consent decrees and settlements. Projection approaches for corn ethanol and biodiesel plants,
refineries and upstream impacts represent the Energy Independence and Security Act (EISA)
renewable fuel standards mandate in the Renewable Fuel Standards Program (RFS2). Airport-
specific terminal area forecast (TAF) data were used for aircraft to account for projected changes

in landing/takeoff activity.

Regional projection factors for point and nonpoint oil and gas emissions were developed
by product type using Annual Energy Outlook (AEO) 2013 projections to year 2025
(http://www.eia.gov/forecasts/aeo/). Stationary engine criteria air pollutant (CAP) co-benefit
reductions (i.e., from the RICE NESHAP) and New Source Performance Standards (NSPS) VOC

controls are reflected for oil and gas sources.

Projection factors for livestock are based on expected changes in animal population from
2005 Department of Agriculture data, updated according to EPA experts in July 2012; fertilizer
application NH3 emissions projections include upstream impacts representing EISA. Area
fugitive dust projection factors for categories related to livestock estimates are based on expected
changes in animal population and upstream impacts from EISA. Residential Wood Combustion
(RWC) projection factors reflect assumed growth of wood burning appliances based on sales
data, equipment replacement rates and change outs. These changes include growth in lower-
emitting stoves and a reduction in higher emitting stoves. Projection factors for the remaining
nonpoint sources such as stationary source fuel combustion, industrial processes, solvent
utilization, and waste disposal, implement comments received on the projection of these sources

as a result of recent rulemakings and outreach to states on emission inventories, and they also
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include emission reductions due to control programs. Portable fuel container (PFC) projection
factors reflect the impact of the final Mobile Source Air Toxics (MSAT2) rule. Upstream

impacts from EISA, including post-2011 cellulosic ethanol plants are also reflected.

For onroad, nonroad, and commercial marine vessel mobile sources, all national
measures for which data were available at the time of modeling have been included. The Tier 3
standards finalized in March, 2014 (see http://www.epa.gov/otag/tier3.htm) are represented in
the onroad and nonroad emissions. The 2011 and 2025 onroad mobile source emissions were
developed using emissions factors derived from the Tier 3 FRM version of the MOtor Vehicle
Emission Simulator (MOVES; http://www.epa.gov/otag/models/moves/). The emissions factors
for year 2025 were developed using the same meteorology and procedures used to produce the
2011 emissions factors. The onroad mobile source emissions were computed by using SMOKE
to combine the county-, vehicle type-, and temperature-specific emission factors with vehicle
miles traveled and vehicle population activity data, while taking into account hourly gridded

temperature data.

The MOVES-based 2025 onroad emissions account for changes in activity data and the
impact of on-the-books national rules including: the Tier 3 Vehicle Emission and Fuel Standards
Program, the Light-Duty Vehicle Tier 2 Rule, the Heavy Duty Diesel Rule, the Mobile Source
Air Toxics Rule, the Renewable Fuel Standard (RFS2), the Light Duty Green House
Gas/Corporate Average Fuel Efficiency (CAFE) standards for 2012-2016, the Heavy-Duty
Vehicle Greenhouse Gas Rule, the 2017 and the Later Model Year Light-Duty Vehicle
Greenhouse Gas Emissions and Corporate Average Fuel Economy Standards; Final Rule (LD
GHG). The MOVES-based 2025 emissions also include state rules related to the adoption of
LEYV standards, inspection and maintenance programs, Stage II refueling controls, and local fuel
restrictions. For California, the base case emissions included most of this state’s on-the-books
regulations, such as those for idling of heavy-duty vehicles, chip reflash, public fleets, track
trucks, drayage trucks, and heavy duty trucks and buses. The California emissions do not reflect
the impacts of the GHG/Smartway regulation, nor do they reflect state GHG regulations for the
projection of other emissions sectors because that information was not included in the

inventories provided.



The nonroad mobile 2025 emissions, including railroads and commercial marine vessel
emissions also include all national control programs. These control programs include the
Locomotive-Marine Engine rule, the Nonroad Spark Ignition rule and the Class 3 commercial
marine vessel “ECA-IMO” program. For California, the 2025 emissions for these categories
reflect the state’s Off-Road Construction Rule for “In-Use Diesel”, cargo handling equipment
rules in place as of 2011 (see http://www.arb.ca.gov/ports/cargo/cargo.htm), and state rules
through 2011 related to Transportation Refrigeration Units, the Spark-Ignition Marine Engine
and Boat Regulations adopted on July 24, 2008 for pleasure craft, and the 2007 and 2010
regulations to reduce emissions from commercial harbor craft. For ocean-going vessels, the
emissions data reflect the 2005 voluntary Vessel Speed Reduction (VSR) within 20 nautical
miles, the 2007 and 2008 auxiliary engine rules, the 40 nautical mile VSR program, the 2009
Low Sulfur Fuel regulation, the 2009-2018 cold ironing regulation, the use of 1% sulfur fuel in
the Emissions Control Area (ECA) zone, the 2012-2015 Tier 2 NOx controls, the 2016 0.1%
sulfur fuel regulation in ECA zone, and the 2016 International Marine Organization (IMO) Tier
3 NOx controls. Control and growth-related assumptions for 2025 came from the Emissions
Modeling Platform and are described in more detail in the EPA Emissions Modeling TSD
(2014b). Non-U.S. and U.S. category 3 commercial marine emissions were projected to 2025
using consistent methods that incorporated controls based on ECA and IMO global NOx and SOz

controls.

All modeled 2011 and 2025 emissions cases use the 2006 Canada emissions data. Note
that 2006 is the latest year for which Canada had provided data at the time the modeling was
performed, and no accompanying future-year projected base case inventories were provided in a
form suitable for this analysis. For Mexico, 2012 and 2018 projections of the 1999 Mexico
National Emissions Inventory were used as described in the Development of Mexico National
Emissions Inventory Projections for 2008, 2012, and 2030 (ERG, 2009) and the associated
technical memorandum titled Mexico 2018 Emissions Projections for Point, Area, On-Road
Motor Vehicle and Nonroad Mobile Sources (ERG, 2009). Mexico emissions were held at 2018
levels because no 2025 projected emissions were available. Offshore oil platform emissions for
the United States represent the year 2008 because 2011 emissions were not available as of the
time of the modeling. Biogenic and fire emissions were held constant for all emissions cases and

were based on 201 1-specific data. Table 3-1 shows the modeled 2011 and 2025 NOx and VOC
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emissions by sector. Additional details on the emissions by state are given in the Emissions

Modeling TSD.

Table 3-1. 2011 and 2025 Base Case NOx and VOC Emissions by Sector (thousand tons)

Sector 2011 NOx 2025 NOx 2011 VvOC 2025 VOC
EGU-point 1,948 1,508 33 42
NonEGU-point 1,768 1,803 872 881
Point oil and gas 17 22 88 107
Wild and Prescribed Fires 347 347 5,175 5,175
Nonpoint oil and gas 653 874 2,273 2,551
Resdet o 2 2
Other nonpoint 832 856 3,793 3,605
Nonroad 1,630 796 2,025 1,188
Onroad 5,592 1,492 2,738 1,060
C3 Commercial marine
vessel (CMYV) 125 105 3 8
Locomotive and C1/C2
CMV 1,046 666 48 24
Biogenics 1,018 1,018 40,696 40,696
TOTAL 15,012 9,530 58,192 55,826

3.1.4 Emissions Sensitivity Simulations

A total of 12 emissions sensitivity runs were conducted to determine ozone response to
emissions reductions of NOx and VOC in different locations (Table 3-2). We determined that
this was an efficient and flexible approach that allowed us to evaluate impacts from multiple
source regions and levels of emission reductions simultaneously. All emissions sensitivity
simulations were incremental to the 2025 base case emissions described in section 3.1.3. There

were three types of emissions cases that were modeled in these sensitivity runs:

1) Explicit emissions control cases

2) Across-the-board reductions in anthropogenic emissions for different pollutants and
locations

3) Combination runs that included both explicit emissions controls and across the board
reductions.

Explicit Emissions Controls: Four explicit emissions control sensitivity cases were created.

First, we modeled a case that represented one possible implementation of the EPA’s proposed

carbon pollution guidelines under section 111(d) of the Clean Air Act (CAA) (i.e., option 1 state;



hereafter referred to as the 111(d) sensitivity). Emissions for this simulation are described in the
regulatory impact analysis for that proposed rule (EPA, 2014c¢). Second, we modeled three
additional emissions cases that included NOx emissions controls applied to specific sources
centered around the three regions of the country projected to have nonattainment monitors above
70 ppb in the 2025 base case: California, Texas, and the Northeastern U.S. Figure 3-2 shows the
three areas for which the explicit emissions controls were identified and modeled. CoST was
used to determine potential controls in these areas. NOx controls were identified for all nonpoint,
non-EGU point, and nonroad sources that emitted more than 50 tons of NOx per year and which
had available known controls that could be applied for less than $15,000/ton (see chapter 7 for
additional discussion). These emissions cases are referred to as “explicit control cases” because
they represent the impact of specific controls rather than sensitivities to all emissions within a
region. The extent of the area was determined by creating 200 km buffers around all monitors
projected above 70 ppb in 2025. All counties that fell completely within the buffer were targeted
for controls. In Texas and California these buffers were restricted to state boundaries. In the
Northeast, buffers were restricted to states/counties that are currently under the jurisdiction of the
Ozone Transport Commission (OTC). More details on the specific emissions controls identified

for these emissions cases are provided in Chapter 4.
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Figure 3-2. Map of Counties for Which Explicit Emissions Controls Were Identified and
Modeled in CAMXx (shaded in orange) and Counties that Contained One or
More Monitor Projected above 70 ppb in the 2025 Base Case Modeling (shaded
in blue).!”

Across-the-board Emissions Reductions: Areas of the U.S. projected to contain monitors

with ozone design values greater than 60 ppb were split into 5 regions for the purpose of
determining ozone response to emissions reductions (Figure 3-3). Three emissions sensitivity
cases with across-the-board cuts in emissions from the 2025 base case were created and

modeled:

1) 50% cut in all anthropogenic NOx in the Southwest region,
2) 50% cut in all anthropogenic NOx in the Midwest region, and

17 Note that no buffer was created for the Sheboygan, W1 area because emissions reductions from the proposed
carbon pollution guidelines under section 111(d) of the CAA are projected to be sufficient to bring that location
down to 70 ppb in 2025.
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3) 50% cut in all U.S. anthropogenic VOC emissions across the 48 contiguous states.

Combination Emissions Sensitivities: Five additional emissions sensitivity cases were

created and modeled that combined the explicit emissions controls with across-the-board
reductions. For all combination emissions sensitivity cases, the area over which emissions
reductions were applied in the explicit emissions control runs was a subset of the full area for
which across-the-board NOx reductions were applied. These runs included two cases for
California: explicit emissions controls in California + additional 50% cut in all California
anthropogenic NOx emissions and explicit emissions controls in California + additional 90% cut
in all California anthropogenic NOx emissions. Two more emission sensitivities were
investigated for the Northeast region: explicit emissions controls in the Northeast + additional
50% cut in all Northeast region anthropogenic NOx emissions and explicit emissions controls in
the Northeast + additional 90% cut in all Northeast region anthropogenic NOx emissions. We
identified California and the Northeast as the two regions most likely to need NOx reductions
beyond 50% to reach one or more of the alternative standard levels considered based on a
previous EPA analysis (EPA, 2014d). Therefore both a 50% and a 90% NOx cut were performed
for each of these regions to better capture nonlinearities in ozone response to large NOx
emissions changes. Finally, a single emissions sensitivity was created for the Central region:
explicit emissions controls in Texas + additional 50% cut in all Central region anthropogenic
NOx emissions. A summary of Anthropogenic NOx and VOC emissions that were considered for
controls in this analysis is given in Table 3-3 by region from the 2025 base case and explicit
emissions control cases. In other words, the emissions summarized in Table 3-3 only include
sectors for which emissions reductions were considered to meet various levels of the ozone
standard. Conversely, Table 3-1 summarizes all U.S. emissions that were included in the

modeling simulation including sources which contribute to background ozone.
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Figure 3-3.  Five U.S. Regions Used to Create Across-the-Board Emissions Reduction and
Combination Cases

Table 3-2. List of Emissions Sensitivity Cases that Were Modeled in CAMx to Determine
Ozone Response Factors

Emissions
Sensitivity Region Pollutant Emissions Change
Case
1 National All 111(d) option 1 state
2 National VOC 50% VOC cut
3 California NOx CA explicit emissions control case
4 California NOx CA explicit emissions control case + 50% NOx cut
5 California NOx CA explicit emissions control case + 90% NOx cut
6 Southwest NOx 50% NOx cut
7 Texas NOx TX explicit emissions control case
TX explicit emissions control case +
8 Central NOx p'50% NOx cut (central)
9 Midwest NOx 50% NOx cut
10 Northeast NOx Northeast explicit emissions control case
1 Northeast NOx Northeast exphsc(;})/:rﬁl(;ilocii control case +
12 Northeast NOx Northeast expl;c(;grﬁgilocllli control case +
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Table 3-3. Anthropogenic NOx and VOC Emissions from the 2025 Base and Explicit
Control Cases*

NOx emissions in NOx emissions in 2025  VOC emissions in 2025
Region 2025 base case explicit control cases base case
(thousand tons) (thousand tons) (thousand tons)
Northeast 1,185 1,074 1,345
Midwest 1,771 - 1,803
Central 2,176 2,073 3,066
Southwest 713 ———- 1,016
California 446 416 478
Other states 1,840 ———- 2,264
Total contiguous US 8,130 - 9,971

*Note that unlike Table 3-1, these numbers do not include tribal, biogenic or fire emissions.

3.2 Methods for Calculating Current and Future Year Ozone Design Values
3.2.1 Current Year Ozone Design Value Calculations

As described in chapter 2, hourly ozone concentrations are used to calculate a statistic
referred to as a “design value” (DV) which is then compared to the standard level to determine
whether a monitor is above or below the NAAQS level in question. For ozone, the DV is
calculated as the 3-year average of the annual 4™ highest daily maximum 8-hour ozone
concentration in parts per billion (ppb), with decimal digits truncated. For the purpose of this
analysis, the data handling and data completeness criteria used are those being proposed for the
new NAAQS in the proposed appendix U to 40 CFR Part 50 — Interpretation of the Primary and
Secondary National Ambient Air Quality Standards for ozone. A standard level of 60 ppb was
used when determining data completeness criteria as this results in the most inclusive set of
monitoring site DVs for analysis. For the purpose of this analysis, ozone DVs came from data
reported in EPA’s air quality system (AQS) for the years 2009-2013. The current-year DVs
were calculated as the average of 3 consecutive DVs (2009-2011, 2010-2012, and 2011-2013)
which creates a 5-year weighted average DV. The 5-year weighted average DV is used as the
base from which to project a future year DV as is recommended by the EPA in its SIP modeling
guidance (US EPA, 2014e) because it stabilizes year-to-year meteorologically driven variability
in ozone DVs given that the future year meteorology is unknown. For cases in which there are
fewer than five years of valid monitoring data at a site, the current year DV was calculated only
when there was at least three years of consecutive valid data (i.e., at least one complete DV). Ifa
monitor had less than three consecutive years of data, then no current year DV was calculated for

that site and the monitor was not used in this analysis.
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3.2.2  Future Year Ozone Design Value Projections

Future year ozone design values were calculated at monitor locations using the Model
Attainment Test Software (MATS) program (Abt Associates, 2014). MATS calculates the 5-
year weighted average DV based on observed data and projects future year values using the
relative response predicted by the model as described below. Equation (3-1) describes the

recommended model attainment test in its simplest form, as applied for monitoring site i:
(DVF); = (RRF); X (DVB); Equation 3-1

DVF; is the estimated design value for the future year in which attainment is required at
monitoring site i; RRF; is the relative response factor at monitoring site i; and DVB; is the base
design value monitored at site i. The relative response factor for each monitoring site (RRF); is
the fractional change of the DV in the vicinity of the monitor that is simulated on high ozone
days due to emissions changes between the base and future years. The recently released draft
version of EPA’s ozone and PMz.s photochemical modeling guidance (US EPA, 2014e¢) includes
updates to the recommended ozone attainment test used to calculate future year design values for
attainment demonstrations. The guidance recommends calculating RRFs based on the highest 10
modeled ozone days in the ozone season near each monitor location. Given the similar goal of
this analysis relative to an attainment demonstration, we are using the recommended modeling
guidance attainment test approach for the analyses. Specifically, the RRF was only calculated
based on the 10 highest days in the base year modeling at the monitor location when the base 8-
hr daily maximum ozone values were greater than or equal to 60 ppb for that day. In cases for
which the base model simulation did not have 10 days with ozone values greater than or equal to
60 ppb at a site, we used all days where ozone >= 60 ppb, as long as there were at least 5 days
that meet that criteria. At monitor locations with less than 5 days with ozone >= 60 ppb, no RRF

or DVF was calculated for the site and the monitor in question was not included in this analysis.

In determining the ozone RRF we considered model response in grid cells immediately
surrounding the monitoring site along with the grid cell in which the monitor is located, as is
currently recommended by the EPA in its SIP modeling guidance (US EPA, 2014¢e). The RRF

was based on a 3 x 3 array of 12 km grid cells centered on the location of the grid cell containing
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the monitor. The grid cell with the highest base ozone value in the 3 x 3 array was used for both

the base and future components of the RRF calculation.

33 Determining Tons of Emissions Reductions to Meet Various NAAQS Levels

The following section describes how projected ozone DVs from the 2025 base case and
12 emissions sensitivity cases were used to determine the expected emissions reductions needed
to attain the current and potential alternative ozone NAAQS. The scenario for which all U.S.
ozone monitors are projected to meet the current ozone NAAQS of 75 ppb is referred to as the
“2025 baseline” scenario. The costs and benefits for meeting 70, 65, and 60 ppb standards will
be determined incrementally from this baseline. Note that the 2025 baseline is different from the
2025 base case, which is the emissions scenario described in section 3.1.3 and represents the
ozone concentrations that are projected to occur in 2025 if there were no distinct reductions

made for the purpose of meeting the current or alternative ozone NAAQS.

3.3.1 Determining Ozone Response from Each Emissions Sensitivity

Section 3.2.2 describes, in general terms, how the 2025 projections for ozone DVs were
computed. This procedure was followed for the 2025 base case modeling and for each of the 12
emissions sensitivity cases. Using the projected DVs and corresponding emissions changes, a
unique ppb per ton response factor was calculated for each ozone monitor and for each emissions

sensitivity case based on equation 3-2:

DV j_DV3o2sbase,j .
R ;j =— e L Equation 3-2
i

In equation 3-2, Rij represents the response at monitor j to emissions changes in emissions
sensitivity case i, DVi; represents the DV at monitor j in emissions sensitivity i, DV202sbase,j
represents the DV at monitor j in the 2025 base case and AE; represents the difference in NOx or
VOC emissions (tons) between the 2025 base case and emissions sensitivity case i. In cases for
which emissions reductions in sensitivity i, were incremental to emissions reductions in another
case (k), the following equation was used:

_ DVi‘j_DVk,j

R:: =
b AEj

Equation 3-3
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in which AEik represents the difference in NOx or VOC emissions (tons) between the emissions
case k and emission case i. Thus at each monitoring site in regions with multiple emissions
sensitivity cases, we determined a set of incremental DV responses per ton of emissions
reductions. The modeled impacts from the individual cases were then combined in a linear
manner to estimate the net impacts from multiple cases. For example, in the Northeast, we would
use the following equation to determine the DVs that would result from a 75% reduction in

Northeast emissions beyond the explicit emissions control case:

DV75%NE,j = DVZOZS,j + (RNE_explicitcontrol,j X AENE_explicitconl:rol) + (RNESONOx,j X
25

AE50N0x) + (RNE90N0X,j X (40) AE‘)ONOX) Equation 3-4

In equation 3-4, AENg explicitcontrol T€PTEsents the difference in NOx emissions between
the 2025 base case and the 2025 Northeast explicit emissions control case, AE5qyo, represents
the difference in NOx emissions between the 2025 Northeast explicit emissions control case and
the combined Northeast explicit control case with 50% Northeast NOx cuts and AEqgnox
represents the difference in NOx emissions between the combined Northeast explicit control case

with 50% Northeast NOx cuts and the combined Northeast explicit control case with 90%
Northeast NOx cuts. The % multiplier represents the ratio of required to modeled emissions (i.e.,

the difference between the 50% and 90% NOx cut emissions sensitivities represent emissions
equivalent to 40% of the Northeast explicit emissions control case, while in the example above,

we only require an addition 25% emission reduction beyond the 50% NOx cut simulation).

In two cases, we determined it was appropriate to compute response factors for smaller
geographic areas than were modeled in the emissions sensitivity simulations described in section
3.1.4. One of the cases pertains to splitting the responses between different air basins in
California and the other case involves the geographic scale of ozone impacts associated with

emissions reductions of VOC. Both of these case are described below.

In California, 2025 base case ozone DVs were substantially higher in the South Coast Air
Basin located in the southern portion of the state than in the San Joaquin Valley and in areas
further north. Additionally, the Transverse Mountain Ranges in Southern California generally

isolate the air masses in the South Coast Air Basin from those in the San Joaquin Valley.
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Consequently, it is unrealistic to force emissions reductions in locations in Northern California to
bring Southern California ozone DVs into attainment with the current or alternative levels of the
NAAQS. Therefore, when applying the results of the 50% and 90% California NOx emissions
reduction sensitivities, we made a simplifying assumption that the ozone responses predicted in
the San Joaquin Valley and areas of California further north are solely due to emissions changes
in those areas. We made a similar assumption about the response of ozone to emissions changes
for the southern portion of California. Using this approach we created distinct response factors
based on changes in ozone DVs and emissions from each of the two California sub-regions. In
general, this assumption seems reasonable based on the topography and wind patterns in these
areas and the mountain ranges that separate Los Angeles from the San Joaquin Valley. This
approach may lead to either some underestimation or overestimation of the air quality impacts of
emissions reductions in the Central and Northern California locations depending on the extent to
which emissions reductions in Southern California actually impact ozone in the San Joaquin
Valley or vice versa. A more complete description of how these areas were delineated and the

rational is provided in Appendix 3A.

We followed a conceptually similar approach for geographically allocating the response of
ozone DVs to the 50% reduction in US anthropogenic VOC emissions. Past work has shown that
impacts of anthropogenic VOC emissions on ozone DVs in the U.S. tend to be localized (Jin et
al., 2008; Nopmongcol et al., 2014) and so consistent with past analyses (US EPA, 2008) we
have made the assumption that VOC reductions do not impact ozone at distances more than
100km from the emissions source. Consequently, we created a series of VOC impact regions for
urban areas in which ozone is responsive to VOC emissions reductions. These VOC impact
regions were only created for the urban areas with the highest projected 2025 base case ozone
DVs in each region: New York City, Pittsburgh, and Baltimore in the Northeast; Detroit,
Chicago, and Louisville in the Midwest; Houston and Dallas in the Central region; Denver in the
Southwest; and Northern and Southern California. VOC impact regions were delineated by

creating a 100km buffer around counties containing violating monitors. Since the counties with
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violating monitors differed at each standard level, a separate set of VOC impact regions was

developed for standard levels of 70, 65, and 60 ppb.'®

In addition, VOC impact regions were constrained by state boundaries except in cases
where a current nonattainment area straddled multiple states (for instance New Jersey and
Connecticut counties that are included in the New York City nonattainment area were also
included in the New York City VOC impact region). The in-state constraint was also waived for
the Chicago area since it is well established that emissions from Chicago and Milwaukee are
often advected over Lake Michigan where they photochemically react and then impact locations
in Wisconsin, Illinois, Indiana, and Michigan that border the lake (Dye et al., 1995). In cases
where a county fell within two adjacent overlapping buffer areas (i.e. Easton County which lies
in both the greater Chicago and Detroit buffers) the county was assigned to the VOC impact area
that is most likely to be upwind based on prevailing wind patterns (i.e. Detroit). Finally, for
California, the VOC impact areas were delineated identically to the Northern and Southern NOx
sub-regions described above but were restricted to counties included in the explicit NOx control
cases. For each monitoring site within a VOC impact area, an ozone DV response factor (Rij)
was calculated using the VOC emissions reductions that occurred within that area based on the
U.S. 50% VOC sensitivity simulation. Figure 3-4 shows the VOC impact areas that were
developed for the 60 ppb standard. Maps for the 65 and 70 ppb VOC impact areas look very
similar to the map in Figure 3-4, but in some cases they include fewer counties around the

outside of the region.

18 The 70 ppb VOC impact areas were also used to construct the baseline (75 ppb) scenario.
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Figure 3-4. Map of VOC Impact Areas Applied in the Evaluation of a 60 ppb Alternative
Standard Level

3.3.2 Combining Response from Multiple Sensitivity Runs To Construct Baseline And
Alternative Standard Scenarios

Ozone DVs were calculated for the baseline scenario as well as the proposed range of 65-
70ppb and a more stringent alternative standard of 60ppb by applying response factors described
in section 3.3.1 and the emissions reductions from multiple modeled sensitivity scenarios using

Equation 3-5:.

DV; = DV,45; + (Rl,j X AEl) + (Rz_j X AEZ) + (R3_j X AE3) + - Equation 3-5
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For the baseline as well as the three alternative standards analyzed, we determine the least
amount of emissions reductions (tons) needed to bring the ozone DVs at all monitors down to the
particular NAAQS level. Note that the emissions reductions were applied on a region-specific
basis for most monitors. That is, given the construct of the analytic approach, we did not account
for the co-benefits of inter-regional transport except for monitors that are located near the border
to two regions. For instance, to determine the requisite tons of NOx and VOC reductions
necessary to bring monitors in the Central region down to 65 ppb, only emissions in the central
region were considered (i.e., emissions from the Texas explicit emissions control case, the 50%
Central region NOx reductions sensitivity case, and the VOC emissions from the Houston and
Dallas VOC impact areas). This constraint was applied with the assumption that most states
would not take into account emissions reductions from upwind states when designing their State
Implementation Plans but also acknowledging that there has been a history of some states
cooperating with neighboring states in the same region to determine multi-state pollution
reduction plans.!® This approach avoids the complexity of determining the order in which
emissions reductions should be considered across the multiple regions modeled for this analysis.
The result of this constraint is that the amount of emissions reductions estimated for attainment
in this analysis may be larger than necessary because downwind states may benefit from upwind
reductions that are not accounted for when determining the regional emissions reduction needed
to attain. There were two cases where emissions reductions from two regions were applied to
given monitors in a border area: monitors in the Illinois suburbs of St. Louis (Midwest Region)
that are clearly affected by emissions in neighboring Missouri (Central Region), and monitors in
Pittsburgh, PA and in Buffalo, NY (Northeast Region) that are substantially impacted by

emissions in Ohio (Midwest Region).

There are several assumptions inherent in this methodology. First, when applying
responses from the across-the-board emissions reduction sensitivities we do not have any
information about how ozone DVs respond differently to emissions from different locations

within the region. Therefore, for the most part, we assume that every ton of NOx or VOC

1 For instance the Ozone Transport Commission (OTC) is an organization made up of states in the eastern U.S.
which is responsible for “developing and implementing regional solutions to the ground-level ozone problem in the
Northeast and Mid-Atlantic regions” (www.otcair.org).
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reduced within the region (or VOC impact area) results in the same ozone response regardless of
where the emissions reductions are identified. In locations for which we have both explicit
emissions control case reductions and regional across-the-board reductions, it is possible to make
some more distinctions as described below, but we are still not able to fully account for variable
response to emissions from different locations within the region. Where possible, we try to
locate emissions reductions closer to the highest DV monitors with the understanding that
emissions reductions are likely to have lower impact when they occur further from the monitor
location. A second assumption is that NOx and VOC responses are additive. In the case of
monitors impacted by emissions from multiple regions, we also assume that the responses from
multiple regions are additive. Again, we do not have any more refined information that would
allow us to account for nonlinear interactions of these emissions. Third, we assume that ozone
response within each of these sensitivity simulations is linear (i.e., the first ton of NOx reduced
results in the same ozone response as the last ton of NOx reduced). In cases for which we have
multiple levels of emissions reductions (i.e., California, the Central region, and the Northeast) we
assume linearity within each simulation but are able to capture discrete shifts in ozone response
for each sensitivity simulation (i.e., one response for explicit emissions control case reductions,
another response level up to 50% NOx reductions beyond the explicit emissions control case
emissions, and a third level of response between 50% and 90% NOx reductions beyond the
explicit emissions control case). For the Central states there are only two discrete response
levels, while in California and the Northeast there are three. Finally, for regions without 90%
NOx cut emissions sensitivity scenarios (Southwest, Central, and Midwest), response to NOx

reductions greater than 50% must be extrapolated beyond the modeled emissions reductions.

3.3.3  Creation of the Baseline Scenario

Computing the response of DVs to emissions reductions from each emissions sensitivity
simulation allowed us to determine what emissions reductions would be needed in each region to
create the baseline scenario (i.e. to reach 75 ppb at every monitor location). We determine how
those emissions reductions could be achieved by applying controls in the following order: (1)
emissions changes from the 111(d) sensitivity, (2) known controls of NOx emissions from
nonpoint, non-EGU point, and nonroad sources greater than 50 tons per year (explicit control

cases), (3) mobile source emissions changes between 2025 and 2030 (California only), (4)
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known controls of VOC emissions, and (5) additional NOx controls. All reductions identified
from these sources were above and beyond reductions from on-the-books regulations that were
included in the 2025 base case modeling. The emissions changes from the 111(d) sensitivity
were applied throughout the entire U.S. in creating the baseline scenario. Other emissions
changes were only applied in the areas projected to have DVs greater than 75 ppb in the 2025
base case scenario: California and Texas. In California, all five types of emissions reductions
were needed to meet the current 75 ppb standard while in Texas only the 111(d) emissions
changes and a portion of the explicit modeled controls were needed. The 2025 to 2030 mobile
source changes were applied in California because, as discussed at the beginning of this chapter,
many locations in California will likely have attainment dates substantially further out than 2025.
Although emissions projections for those years were not generally available, the state of
California did provide emissions projections for mobile sources in the year 2030. Emissions of
both VOC and NOx were available for onroad, nonroad, locomotive, and C1/C2 commercial
marine vessel sectors by county. There were both increases and decreases between 2025 and
2030 depending on the county and sector, but overall these mobile source changes resulted in
VOC emissions that were 1% less than those modeled in the California explicit emissions control
case and NOx emissions that were 4% less than those modeled in the California explicit
emissions control case in the Northern California sub-region and 3% less than those modeled in
the Southern California sub-region. The NOx and VOC mobile source emissions changes were
applied to create the baseline scenario in California using the response ratios developed from the
50% California NOx cut and the 50% U.S. VOC cut sensitivity simulations. Summaries of the
emissions reductions are presented by region in Appendix 3A. In addition, resulting ozone DVs

at all evaluated monitors are provided in Appendix 3A.

3.3.4  Creation of the 70, 65, and 60 ppb Alternative Standard Level Scenarios

To create the scenarios for the three alternative standard levels (i.e. 70, 65, and 60 ppb), we
started with the baseline and then identified additional controls for each region from the five
categories listed in section 3.3.3. Not all types of emissions reductions were required in each
region for each scenario. For regions that contained a NOx explicit emissions control case buffer,
only the known controls within the buffer were applied before the known VOC controls. In

those regions, after explicit emissions control case reductions and the VOC known controls were
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applied, then additional NOx controls were considered. In those regions, an additional constraint
was also applied that forced the tons of additional NOx reductions applied within and outside the
explicit emissions control case area to be applied proportionally to the starting NOx emissions
within and outside the explicit emissions control case buffer areas (e.g., if 40% of the starting
emissions in the explicit control scenario simulation were located within the buffer, then 40% of
the emissions reductions also had to come from within the buffer). This constraint was applied
because the monitors with the highest DV's were located within the buffers and the response
factors were based on an average ppb/ton across the region. Thus, the constraint ensured some
measure of spatial equivalence between the location of the modeled emissions reductions and
those applied to construct the scenario. In some cases, this constraint also resulted in including
unknown controls to create the scenario even when known controls were still available within the
region but outside of the explicit control case buffer. In regions without an explicit emissions
control case buffer area, all known controls of NOx emissions from nonpoint, non-EGU point,
and nonroad sources greater than 50 tons per year were applied throughout the entire region
before any VOC emissions reductions were applied. A numeric example of the calculation
methodology is provided in Appendix 3A. Summaries of the emissions reductions are presented
by region in Appendix 3A and by source category in Chapter 4. In addition, ozone DVs at all

evaluated monitors are provided for each scenario in Appendix 3A.

3.3.5 Monitoring Sites Excluded from Quantitative Analysis

There were 1219 ozone monitors with complete ozone data for at least one DV period
covering the years 2009-2013. Of those sites, we quantitatively analyzed 1150 (94%) in this
analysis. In determining the necessary tons of emissions reductions for each of the four
scenarios, there were three types of sites that were not treated quantitatively, i.e. emissions
reductions necessary to reach the alternative standard levels at these sites were not quantified.
First, tons of emissions reductions were not determined for 36 sites that did not have a valid
projected 2025 base case DV due to less than 5 modeled days above 60 ppb in the 2011 CAMx
simulation as required to project a DV in the EPA SIP modeling guidance (US EPA, 2014e). It
is unlikely that these sites would have any substantial impact on resulting costs and benefits,

since the reason that projections could not be made is that they have no more than 4 modeled
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days above 60 ppb, in which case they would likely already be meeting all standard levels

evaluated in this analysis using the current year data. These sites are listed in appendix 3A.

Second, 7 sites for which the DVs were influenced by wintertime ozone episodes were
not included because the modeling tools are not currently sufficient to properly characterize
ozone formation during wintertime ozone episodes. It is not appropriate to apply the model-
based response (RRF) developed based on summertime conditions to a wintertime ozone event,
which is driven by different types of chemistry and meteorology. Since there was no technically
feasible method for projecting DVs at these sites, these sites were not included in determining
required reductions in NOx and VOCs to meet current or alternative standard levels. Wintertime
ozone events tend to be very localized phenomena driven by local emissions from oil and gas
operations (Schnell et al, 2009; Rappengluck et al., 2014; Helmig et al., 2014). Consequently,
the emissions reductions needed to lower wintertime ozone levels would likely be different from
those targeted for summertime ozone events. It follows that there could be additional emissions
reductions required to lower ozone at these locations and thus potential additional costs and
benefits that are not quantified in this analysis. Appendix 3A includes a list of sites influenced

by wintertime ozone and the methodology used to identify those sites.

Finally, while the majority of the sites had projected ozone exceedances primarily caused
by local and regional emissions, there were a set of 26 relatively remote, rural sites in the
Western U.S. with projected 2025 base case DVs between 62 and 69 ppb?° that showed limited
response to the regional NOx emission and national VOC emission sensitivities in our modeling.
Air agencies responsible for these locations may choose to pursue one or more of the Clean Air
Act provisions that offer varying degrees of regulatory relief. Regulatory relief may include:

e Relief from designation as a nonattainment area (through exclusion of data affected by
exceptional events)
e Relief from the more stringent requirements of higher nonattainment area classifications

(through treatment as a rural transport area; through exclusion of data affected by

exceptional events; or through international transport provisions)

20 Except in California where sites had projected 2025 base case DVs up to 75 ppb. The California sites all had
estimated ozone DVs below 70 ppb in the post-2025 baseline scenario.
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e Relief from adopting more than reasonable controls to demonstrate attainment (through
international transport provisions)
In addition, some of these sites could potentially benefit from the CAA’s interstate transport
provisions found in sections 110(a)(2)(D) and 126. Appendix 3A provides additional detail on

the treatment of these sites.

34 Creating Spatial Surfaces

The emissions reductions for attainment of the alternative NAAQS levels were used to
create spatial fields of ozone concentrations (i.e., spatial surfaces) for input to the calculation of
the benefits associated with attainment of each NAAQS level, incremental to the baseline. The
spatial surfaces used to calculate health-related benefits with the BenMap tool (Chapter 5) are
described below in section 3.4.1. Spatial surfaces used to calculate welfare-related benefits with

the FASOMGHG model (Chapter 6) are described below in section 3.4.2.

3.4.1 BenMap Surfaces

Two ozone metrics are used to evaluate health benefits associated with meeting different
ozone standard levels. These metrics and the studies that they are derived from are described in
more detail in Chapter 5. Briefly, ozone surfaces for the baseline and each alternative NAAQS
level were created for the following metrics: May-Sep seasonal mean of 8-hr daily maximum
ozone and Apr-Sep seasonal mean of 1-hr daily maximum ozone. For each metric, surfaces were

created for a total of 11 scenarios. These scenarios include:

e 2025 baseline

e post-2025 baseline

e 2025 70 ppb partial attainment

e 2025 70 ppb full attainment

e post-2025 70 ppb full attainment
e 2025 65 ppb partial attainment

e 2025 65 ppb full attainment

e post-2025 65 ppb full attainment
e 2025 60 ppb partial attainment

e 2025 60 ppb full attainment
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e post-2025 60 ppb full attainment

The surfaces created for the 2025 scenarios represent all continental U.S. monitors outside

of California attaining the standard being evaluated while the surfaces for the post-2025

scenarios represent all continental U.S. monitors including California meeting the standard being

evaluated. The effects due only to California meeting the standard are isolated in Chapter 5

through a series of BenMap simulations using these surfaces and varying assumptions about

population demographics. In addition, for the 2025 scenarios we include “partial” and “full”

attainment in which the partial attainment scenarios only include emissions reductions identified

from known control measures while the full attainment scenarios include emissions reductions

necessary to attain the standard from both known and unknown controls.

The ozone surfaces were created using the following steps. Each step is described in more

detail below:

e Step 1:

Aggregate gridded hourly modeled concentrations into relevant seasonal

ozone metrics

(0]

e Step 2:

Inputs: Hourly gridded model concentrations for 2011, 2025 base case, and
12 2025 emissions sensitivity simulations detailed in Section 3.1.4

Outputs: Seasonal ozone metrics for 2011, 2025 base case, and 12 2025
emissions sensitivity simulations

Calculate response factors for each seasonal ozone metric from each

emissions sensitivity simulation

(0]

e Step 3:
metric

(0]

(0]
e Step 4:

Inputs: Seasonal ozone metrics for 2011, 2025 base case, and 12 2025
emissions sensitivity simulations; Amount of emissions reductions (tons)
modeled in each emissions case

Outputs: Gridded ppb/ton response factor for each seasonal ozone metric
from each emissions sensitivity simulation

Create gridded field for each attainment scenario and each seasonal ozone

Inputs: Gridded ppb/ton response factor for each seasonal ozone metric
from each emissions sensitivity simulation; Amount of emissions reductions
from each region described in Appendix 3A.

Outputs: Gridded seasonal ozone metrics for each attainment scenario

Create 2011 enhanced Voronoi Neighbor Averaging (¢VNA) fused surface

of modeled and observed values for each seasonal ozone metric
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0 Inputs: 2010-2012 observed ozone values (seasonal ozone metrics at each
monitor location); 2011 modeled ozone (seasonal ozone metrics at each grid
cell)

0 Outputs: 2011 fused modeled/monitored surfaces for each seasonal ozone
metric

e Step 5: Create eVNA fused modeled/monitored surface for each attainment
scenario and each seasonal ozone metric

0 Inputs: 2011 fused model/obs surfaces for each seasonal ozone metric;
modeled seasonal ozone metrics (gridded fields) for 2011 and each
attainment scenario

0 Outputs: Fused modeled/monitored surface for each attainment scenario and
each seasonal ozone metric

Step 1:

Gridded hourly ozone modeled concentrations were aggregated to the relevant metric for
the 2011, 2025 base case, and each of the 12 emissions sensitivity simulations. This step

resulted in 15 ozone fields for each of the two metrics.
Step 2:

A gridded ppb/ton response factor was determined for each metric and for each emissions

sensitivity simulation.
Step 3:

Based on the emissions reductions provided in appendix 3A, the response factors were
multiplied by the relevant tons of emissions reductions for each sensitivity and then summed to

create a gridded field representing the scenario in question (Equation 3-6)?!

03xy,s,m = 03xy,2025,m + (ny,l,m X AEl,s) + (ny,z,m X AEZ,S) + (ny,z,m X AE3,$) + e

Equation 3-6

2l An extra 3,500 tons of VOC reductions available in Northern California outside of the N California sub-region
was mistakenly applied in creating all surfaces. This lead to absolute changes in gridded ozone concentrations of
less than 0.01 ppb. Since this error was carried through all surfaces, the incremental changes in ozone between
surfaces were not impacted.
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In equation 3-6, ozonexys.m represents the ozone concentrations at grid cell x,y, for
scenario s, and using metric, m. Similarly ozonexy,2025.m represents the modeled ozone from the
2025 base simulation at grid cell x,y aggregated to metric m. Rxy,1.m represents the response
factor (ppb/ton) in grid cell x,y using metric m, for the sensitivity simulation #1. Finally AE s
represents the amount of emissions reductions from sources modeled in sensitivity #1 determined
necessary for scenario s. Partial attainment surfaces at each standard level were created by first
starting with the full attainment surface and then subtracting off impacts from emissions
reductions that were identified from unknown controls. For the 70 ppb scenario in which all
unknown controls were located in the explicit emissions control case buffer areas, the ppb/ton
response ratios from the explicit emissions control case sensitivity simulations were applied to
back out impacts from unknown controls. For the 65 and 60 ppb scenarios, unknown controls
were located both within and outside explicit emissions control case buffer areas. We did not
have any response ratios that represent emissions from outside the explicit emissions control case
buffer areas alone. Therefore, for the 65 and 60 ppb scenarios, we applied the response ratios
from the regional 50% NOx reduction sensitivity simulations. This leads to additional
uncertainty in the 65 and 60 pp partial attainment surfaces since the relative proportions of
unknown emissions reductions within and outside the buffer areas were different from the
relative proportions of emissions reductions within and outside of the buffer areas that were

applied in the 50% regional NOx reduction simulations.
Step 4:

The MATS tool was used to create a fused gridded 2011 field using both ambient and
modeled data using the eVNA technique (Abt, 2014). This method essentially takes an
interpolated field of observed data and adjusts it up or down based on the modeled spatial
gradients. For this purpose, the 2010-2012 ambient data was interpolated and fused with the
2011 model data. One “fused” eVNA surface was created for each of the two seasonal ozone

metrics.

Step 5:
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The 22 model-based surfaces (i.e., 11 scenarios and 2 metrics) were used as inputs in the
MATS tool along with the gridded 2011 eVNA surfaces. For each metric and each scenario a
gridded RRF field was created by dividing the gridded ozone field for scenario s by the gridded
2011 model field. This RRF field was then multiplied by the 2011 eVNA field to create a
gridded eVNA field for each scenario.

Results of this process for the May-September 8-hr daily maximum ozone metric are
shown in Figures 3-5, 3-6, 3-7, 3-8. These figures show the post-2025 baseline and the changes
in ozone between the post-2025 baseline and each of the post-2025 scenarios for lower standard
levels: 70, 65, and 60 ppb. The post-2025 baseline represents the case where all continental US
monitors meet the current 75 ppb standard and similarly the post-2025 alternative standard
scenarios represent the case where all continental US monitors meet the standard level being

evaluated.

0 _
¢

Figure 3-5. Projected post-2025 Baseline Scenario May-September Mean of 8-hr Daily
Maximum Ozone (ppb)
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Figure 3-6. Change in May-September Mean of 8-hr daily Maximum Ozone (ppb)
between the post-2025 Baseline Scenario and the post-2025 70 ppb Scenario

3-33



Figure 3-7. Change in May-September Mean of 8-hr daily Maximum Ozone (ppb)
between the post-2025 Baseline Scenario and the post-2025 65 ppb Scenario
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Figure 3-8. Change in May-September Mean of 8-hr Daily Maximum Ozone (ppb)
between the post-2025 Baseline Scenario and the post-2025 60 ppb Scenario

3.4.2 WI26 surfaces

This section describes the creation of ozone surfaces aggregated using the W126 metric.
The general methodology for calculating the W126 metric is provided in appendix 3A. Ozone

surfaces aggregated to the W126 metric were created for eight scenarios:

e 2025 baseline

e post-2025 baseline

e 2025 70 ppb full attainment
e post-2025 70 ppb
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e 2025 65 ppb full attainment
e post-2025 65 ppb
e 2025 60 ppb full attainment
e post-2025 60 ppb

Several steps were followed to create these surfaces. First, as was done with the projected
ozone DVs and the ozone surfaces for health benefits, ppb/ton response factors was determined
for each sensitivity simulation. In this case, the response factors were created based on hourly
ozone data in the 2025 base case and 12 emissions sensitivity simulations. Therefore, six months
of gridded hourly response factors were created for each emission sensitivity simulation. Then,
based on the emissions reductions described in Appendix 3A, the hourly response factors were
multiplied by the relevant tons of emissions reductions from each emissions sensitivity and then
summed to create a gridded field representing the scenario in question (Equation 3-6). For the
W126 calculations, the metric in equation 3-6 is hourly ozone. At the end of this step, there were
eight sets of hourly gridded ozone fields, one for each scenario. These gridded hourly ozone
fields, along with the 2011 modeled hourly ozone field, were then aggregated into the W126
metric, which is described in more detail in Chapter 2. The MATS tool was used to project
W126 values at each monitor location. The set-up was similar to the approach for projecting
DVs. In essence the 2011 and eight W126 scenarios gridded fields were used to create an RRF
for each monitor location using the 3x3 matrix of grid cells surrounding the monitor location as
described in section 3.2.2. These model-based RRFs were multiplied by the three year average
(2010-2012) of the measured W126 at each monitor. At the end of this step, there were a set of
W126 values at all monitor locations for each scenario. Finally, a gridded field of W126 values
was created for each scenario by spatially interpreting the projected monitor values using an
inverse distance weighted Voronoi Neighbor Averaging (VNA) technique (Gold, 1997; Chen et
al, 2004). This is similar to how W126 gridded fields have been created for previous EPA
analyses (EPA, 2014f). Figure 3-9 shows the W126 gridded field for the post-2025 baseline
scenarios. Figures 3-10, 3-11, and 3-12 show the W126 gridded field of the post-2025 scenarios
for 70, 65, and 60.
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Figure 3-9. Projected post-2025 Baseline Scenario W126 Values (ppm-hrs)
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Figure 3-10. Projected post-2025 70 ppb Scenario W126 Values (ppm-hrs)
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Figure 3-11. Projected post-2025 65 ppb Scenario W126 Values (ppm-hrs)
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Figure 3-12. Projected post-2025 60 ppb Scenario W126 Values (ppm-hrs)
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APPENDIX 3: ADDITIONAL AIR QUALITY ANALYSIS AND RESULTS

3A.1 2011 Model Evaluation for Ozone

An operational model evaluation was conducted for the 2011 base year CAMx annual
model simulation performed for the 12-km U.S. modeling domain.?> The purpose of this
evaluation was to examine the ability of the Ozone NAAQS RIA air quality modeling platform
to replicate the magnitude and spatial and temporal variability of measured (i.e., observed) ozone
concentrations within the modeling domain. The model evaluation for ozone was based upon
comparisons of model predicted 8-hour daily maximum concentrations to the corresponding
observed data at monitoring sites in the EPA Air Quality System (AQS) and the Clean Air Status
and Trends Network (CASTNet). Included in the evaluation are statistical measures of model
performance based upon model-predicted versus observed concentrations that were paired in

space and time on an hourly basis.

Model performance statistics were calculated for several spatial scales and temporal
periods. Statistics were calculated for individual monitoring sites and for each of five regions of
the 12-km U.S. modeling domain. The regions include the Northeast, Midwest, Southeast, and
Central and Western states which are defined based upon the states contained within the
Regional Planning Organizations (RPOs).?* For maximum daily average 8-hour (MDAS) ozone,
the statistics for each site and region were calculated for the May through September ozone

season.?* In addition to the performance statistics, we prepared several graphical presentations of

22 See Chapter 3, section 3.1.2 of the RIA document for a description of the 12-km U.S. modeling domain.

23 The subregions are defined by States where: Midwest is IL, IN, MI, OH, and WI; Northeast is CT, DE,

MA, MD, ME, NH, NJ, NY, PA, RI, and VT; Southeast is AL, FL, GA, KY, MS, NC, SC, TN, VA, and

WYV; Central is AR, 1A, KS, LA, MN, MO, NE, OK, and TX; West is AK, CA, OR, WA, AZ, NM, CO, UT, WY,
SD, ND, MT, ID, and NV.

24 In calculating the ozone season statistics we limited the data to those observed and predicted pairs with

observations that exceeded 60 ppb in order to focus on concentrations at the upper portion of the distribution of
values.
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model performance for MDAS ozone which is the key pollutant for the Ozone NAAQS Rule.

These graphical presentations include:

(1) regional maps which show the mean bias and error as well as normalized mean bias and

error calculated for MDAS > 60 ppb for May through September at individual monitoring sites,

(2) bar and whisker plots which show the distribution of the predicted and observed data
by month (May through September) and by region, and

(3) time series plots (May through September) of observed and predicted concentrations
for 13 representative high ozone sites in the urban areas with the highest projected ozone levels

in each region from the 2025 base case CAMx simulation.

The Atmospheric Model Evaluation Tool (AMET) was used to calculate the model
performance statistics used in this document (Gilliam et al., 2005). For this analysis and
summary of the 2011 model evaluation for ozone, we have selected the mean bias, mean error,
normalized mean bias, and normalized mean error to characterize model performance which are
consistent with the recommendations in Simon et al. (2012) and the draft SIP modeling guidance
(US EPA 2014). As noted above, we calculated the performance statistics by the May through

September ozone season.

Mean bias (MB) is used as average of the difference (predicted — observed) divided by the

total number of replicates (n). Mean bias is given in units of ppb and is defined as:
MB = %Z?(P — 0) , where P = predicted and O = observed concentrations.

Mean error (ME) calculates the absolute value of the difference (predicted - observed)
divided by the total number of replicates (7). Mean error is given in units of ppb and is defined

as:
_1sn
ME—; TP — 0]

Normalized mean bias (NMB) is used as a normalization to facilitate a range of

concentration magnitudes. This statistic averages the difference (predicted - observed) over the
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sum of observed values. NMB is a useful model performance indicator because it avoids over
inflating the observed range of values, especially at low concentrations. Normalized mean bias is

given in units of % and is defined as:

- 210
NMB = 5=+ 100

Normalized mean error (NME) is also similar to NMB, where the performance statistic is
used as a normalization of the mean error. NME calculates the absolute value of the difference
(predicted - observed) over the sum of observed values. Normalized mean error is given in units

of % and is defined as:

NME = 21290, 109
1(0)

In general, the model performance statistics indicate that the 8-hour daily maximum ozone
concentrations predicted by the 2011 CAMx modeling platform closely reflect the corresponding
8-hour observed ozone concentrations in space and time in each region of the 12-km U.S.
modeling domain. The acceptability of model performance was judged by considering the 2011
CAMXx performance results in light of the range of performance found in recent regional ozone
model applications (NRC, 2002; Phillips et al., 2007; Simon et al., 2011; US EPA, 2005; US
EPA, 2009; US EPA, 2011) These other modeling studies represent a wide range of modeling
analyses which cover various models, model configurations, domains, years and/or episodes,
chemical mechanisms, and aerosol modules. Overall, the ozone model performance results for
the 2011 CAMx simulations performed for the Ozone NAAQS are within the range found in
other recent applications. The model performance results, as described in this document,
demonstrate that the predictions from the Ozone NAAQS modeling platform closely replicate the
corresponding observed concentrations in terms of the magnitude, temporal fluctuations, and

spatial differences for 8-hour daily maximum ozone.

Consistent with EPA’s guidance for attainment demonstration modeling, we have applied
the model predictions performed as part of the Ozone NAAQS in a relative manner for
projecting future concentrations of ozone. The National Research Council (NRC, 2002) states

that using air quality modeling in a relative manner “may help reduce the bias introduced by
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modeling errors and, therefore, may be more accurate than using model results directly (absolute
values) to estimate future pollutant levels”. Thus, the results of this evaluation together with the
manner in which we are applying model predictions gives us confidence that our air quality
model applications using the CAMx 2011 modeling platform provides a scientifically credible
approach for assessing ozone for the Ozone NAAQS Rule.

The 8-hour ozone model performance bias and error statistics by network for the ozone
season (May-September average) for each region are provided in Table 3A-1. The statistics
shown were calculated using data pairs on days with observed 8-hour ozone of > 60 ppb. The
distributions of observed and predicted 8-hour ozone by month in the 5-month ozone season for
each region are shown in Figures 3A-1 through 3A-5. Spatial plots of the mean bias and error as
well as the normalized mean bias and error for individual monitors are shown in Figures 3A-6
and 3A-9. The statistics shown in these two figures were calculated over the ozone season using
data pairs on days with observed 8-hour ozone of > 60 ppb. Time series plots of observed and
predicted 8-hour ozone during the ozone season at the 13 representative high ozone monitoring

sites are provided in Figure 3A-10a-m. These sites are listed in Table 3A-2.

As indicated by the statistics in Table 3A-1, bias and error for 8-hour daily maximum
ozone are relatively low in each region. Generally, MB for 8-hour ozone > 60 ppb during the
ozone season is less than 5 ppb except in the Western region and at rural (CASTNET) sites in the
central region for which ozone is somewhat under-predicted. The monthly distribution of 8-hour
daily maximum ozone during the ozone season generally corresponds well with that of the
observed concentrations, as indicated by the graphics in Figures 3A-1 through 3A-5. The
predicted concentrations tend to be close to the observed 25" percentile, median and 75th
percentile values for each region, although there is a small persistent overestimation bias for
these metrics. The CAMx model also has a tendency to under-predict the highest observational

concentrations at both the AQS and CASTNet network sites.

Figures 3A-6 through 3A-9 show the spatial variability in bias and error at monitor
locations. Mean bias, as seen from Figure 3A-6, is less than 6 ppb at most of the sites across the
modeling domain. Figure 3A-7 indicates that the normalized mean bias for days with observed 8-

hour daily maximum ozone greater than or equal to 60 ppb is within + 10 percent at the vast
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majority of monitoring sites across the modeling domain. There are regional differences in model
performance, where the model tends to over-predict from the Southeast into the Mid-Atlantic
States and generally under predict in the Central and Western U.S. Model performance in the

Midwest states shows both under and over predictions.

Model error, as seen from Figure 3A-8, is 10 ppb or less at most of the sites across the
modeling domain. Figure 3A-9 indicates that the normalized mean error for days with observed
8-hour daily maximum ozone greater than or equal to 60 ppb is within 10 percent at the vast
majority of monitoring sites across the modeling domain. Somewhat greater error is evident at
sites in several areas most notably along portions of the Northeast Corridor and in portions of
Florida, North Dakota, Illinois, Ohio, North Carolina, and the western most part of the modeling

domain.

In addition to the above analysis of overall model performance, we also examine how well
the modeling platform replicates day to day fluctuations in observed 8-hour daily maximum
concentrations at 13 high ozone monitoring sites. For this site specific analysis we present the
time series of observed and predicted 8-hour daily maximum concentrations by site over the
ozone season, May through September. These monitors were chosen as representative high
ozone sites in urban areas with the highest projected ozone levels in the 2025 base case
simulation. The results, as shown in Figures 3A-10a through 3A-10m, indicate that the modeling
platform replicates the day-to-day variability in ozone during this time period. For example,
several of the sites not only have minimal bias but also accurately capture both the seasonal and
day-to-day variability in the observations: Alleghany County, PA; Frederick County, MD;
Wayne County, MI; Jefferson County, KY. Many additional sites generally track well and
capture day-to-day variability but underestimate some of the peak ozone days: Tarrant County,
TX; Brazoria County, TX; Harford County, MD; Queens County, NY; Suffolk County, NY;
Sheboygan County, WI; Douglas County, CO. Finally, the daily modeled ozone at the two
California sites evaluated correlates well with observations but has a persistent low bias. Looking
across all 13 sites indicates that the modeling platform is able to capture the site to site

differences in the short-term variability of ozone concentrations.
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Table 3A-1. Daily Maximum 8-hour Ozone Performance Statistics > 60 ppb by Region,

by Network
No. of NMB NME
Network  Subregion Obs MB ME (%) (%)
Northeast 3,746 0.6 7.3 0.9 10.7
Mid-West 4,240 -0.7 7.8 -1.0 11.5
AQS Central 6,087 -4.4 8.2 -6.4 11.9
South 6,736 2.2 7.1 3.3 10.6
West 13,568 -6.6 9.2 -9.6 13.4
Northeast 264 1.1 5.9 1.7 8.7
Mid-West 240 -4.2 6.6 -6.3 9.8
CASTNet  Central 216 -8.2 8.7 -12.4 13.1
South 443 -0.7 5.7 -1.1 8.8
West 905 -11.0 11.5 -16.0 16.7
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Figure 3A-1. Distribution of observed and predicted MDAS ozone by month for the period
May through September for the Northeast subregion, (a) AQS network and (b)
CASTNet network. [symbol = median; top/bottom of box = 75th/25th
percentiles; top/bottom line = max/min values]
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Figure 3A-2. Distribution of observed and predicted MDAS ozone by month for the period
May through September for the Southeast subregion, (a) AQS network and (b)

CASTNet network
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\Figure 3A-3. Distribution of observed and predicted MDAS8 ozone by month for the period
May through September for the Midwest subregion, (a) AQS network and (b)

CASTNet network
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Figure 3A-4. Distribution of observed and predicted MDAS ozone by month for the period
May through September for the Central states, (a) AQS network and (b)

CASTNet network
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Figure 3A-5. Distribution of observed and predicted MDAS ozone by month for the period
May through September for the West, (a) AQS network and (b) CASTNet

network
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Figure 3A-6. Mean Bias (ppb) of MDAS ozone greater than 60 ppb over the period May-
September 2011 at AQS and CASTNet monitoring sites in 12-km U.S. modeling
domain
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Figure 3A-7. Normalized Mean Bias (%) of MDAS ozone greater than 60 ppb over the
period May-September 2011 at AQS and CASTNet monitoring sites in 12-km
U.S. modeling domain
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Figure 3A-8. Mean Error (ppb) of MDAS ozone greater than 60 ppb over the period May-
September 2011 at AQS and CASTNet monitoring sites in 12-km U.S. modeling

domain
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Figure 3A-9. Normalized Mean Error (%) of MDAS ozone greater than 60 ppb over the
period May-September 2011 at AQS and CASTNet monitoring sites in 12-km

U.S. modeling domain

3A-10



Table 3A-2. Key Monitoring Sites Used for the Ozone Time Series Analysis

County State g?;n;g) ring
Fresno California 60195001
San Bernardino California 60710005
Tarrant Texas 484392003
Brazoria Texas 480391004
Allegheny Pennsylvania 420031005
Frederick Maryland 240210037
Harford Maryland 240251001
Queens New York 360810124
Suffolk New York 361030002
Sheboygan Wisconsin 551170006
Wayne Michigan 261630019
Jefferson Kentucky 211110067
Douglas Colorado 80350004
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Figure 3A-10a. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 60195001 in Fresno Co., California
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Figure 3A-10b. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 60710005 in San Bernardino Co.,
California
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Figure 3A-10c. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 80350004 in Douglas Co., Colorado
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Figure 3A-10d. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 484392003 in Tarrant Co., Texas
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Figure 3A-10e. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 480391004 in Brazoria Co., Texas
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Figure 3A-10f. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 551170006 in Sheboygan Co., Wisconsin
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Figure 3A-10g. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 261630019 in Wayne Co., Michigan
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Figure 3A-10h. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 211110067 in Jefferson Co., Kentucky
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Figure 3A-10i. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 420031005 in Allegheny Co., Pennsylvania
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Figure 3A-10j. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 240210037 in Frederick Co., Maryland
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Figure 3A-10k. Time series of observed (black) and predicted (red) MDAS ozone for
May through September 2011 at site 240251001 in Harford Co., Maryland
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A-10L
May through September 2011 at site 360810124 in Queens, New York
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Time series of observed (black) and predicted (red) MDAS ozone for

May through September 2011 at site 361030002 in Suffolk County, New York.

3A.2 California Sub-Regions and Areas of Influence

As discussed in chapter 3 of the ozone RIA, we performed air quality modeling to gauge

the sensitivity of ozone to 50% and 90% cuts in NOx emissions statewide in California. When

applying the results of these model simulations to estimate emissions reductions to attain the

current and alternative NAAQS, we made a simplifying assumption that the model-predicted

ozone response at locations in the San Joaquin Valley and areas of California further north are

3A-17



solely due to emissions changes in these areas. That is, we associated the predicted ozone
changes in northern California to emissions changes in this portion of the state even though the
air quality model simulation included reductions statewide. We made a similar assumption about
the response of ozone to emissions changes for the southern portion of California. The northern
and southern source regions were identified for the purpose of determining which emissions
reductions would be considered to impact design values at specific monitors. In calculating the
impact of emissions changes on design values only monitors within each source regions were
assumed to be impacted from emissions from within that source region. For VOC emissions
reductions from available known controls, the source regions were defined to include only those
portions of the sub-regions that also fell within the NOx buffer area for which known NOx
controls were applied (see figure 3-4 from chapter 3 of the RIA). Therefore, when determining
the tons of emissions reductions needed to meet various standard levels, the impacts of emissions
reductions within each source region were applied to just those monitors located within that
regions. In addition, we determined the areas outside of California that are expected to be most
affected by emissions reductions from each of the two California sub-regions (i.e., downwind
impact areas) (Figure 3A-14). When creating the BenMap and FASOMGHG surfaces described
in section 3.4 of the main chapter, we determined the impact on ozone in these downwind areas

due to emissions reductions from within each of the two California sub-regions.

Several considerations were considered when delineating these two California sub-regions
for the various steps in this analysis. The spatial extent of the two California NOx source regions
were based on the geographic boundaries of California air basins as defined by the California Air
Resources Board (CARB). CARB designates Air Basins for the “purpose of managing air
resources” in areas with “generally . . . similar meteorology and geographic conditions
throughout” (http://www.arb.ca.gov/ei/maps/statemap/abmap.htm). The various Californian Air
Basins were then combined into two larger sub-regions for this analysis. The geographic
groupings were based on general air flow patterns which are governed by mountain topography
and onshore/offshore wind flows. The Air Basins, sub-regions, and predominant California wind
patterns are shown in Figure 3A-11. One county, Kern County, was split between Air Basins
that were assigned to different sub-regions: San Joaquin Valley Air Basin (Northern sub-region)

and Mojave Desert Air Basin (Southern sub-region). Since emissions inventories are categorized
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by county, we assigned all Kern County emissions to the Northern sub-region because

Bakersfield, the most populated area of Kern County, is located in the Northern sub-region.
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Figure 3A-11.a) Depiction of governing wind patterns and topography. b) California Air
Basins and sub-regions used for this analysis. Northern sub-region is outlined in
pink and southern sub-region is outlined in blue.

The downwind receptor regions outside of California were determined by examining the
spatial patterns of ozone impacted by the the 50% cut California in NOx. Ozone changes due to
the state-wide emissions reductions appear to follow fairly distinct widespread plumes. From
this analysis it was determined that impacts of emissions reductions from the Northern sub-
region were generally limited to Oregon, Washington, and a few Nevada counties near Carson
City. Conversely, emissions reductions from the Southern sub-region appear to have widespread
impacts across much of the Southwestern and Central US. One caveat is that the geographic
extent of these downwind regions are based on general transport patterns, as determined by
examining model outputs from a single year of meteorology (i.e., 2011) and are not intended to
fully represent the downwind transport of ozone from California emissions on all days and at all
times. However, this approach was necessary in order to match the Northern and Southern
California sub-region emissions reductions to ozone impacts in downwind areas outside this
state. Figure 3A-12 shows examples of the impact on 8-hr daily maximum ozone from 50%
California NOx cuts on a few representative days. Figure 3A-13 shows the downwind receptor

regions that were applied in this analysis. Note that VOC impacts were only applied within the
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source regions consistent with how VOC reductions were treated for other areas of the country.
Figure 3A-14 shows that ozone impacts from a 50% cut in US anthropogenic VOC emissions

were localized within the two California sub-regions and do not appear to impact downwind

states.

May 7, 2011 May 24, 2011 July 14, 2011

ﬁ( T 400
i

Figure 3A-12.Impact of 50% anthropogenic California NOx cuts (ppb) on 8-hr daily
average ozone concentrations on three days in 2011
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Figure 3A-13.Downwind California receptor regions for Northern California (green) and
Southern California (purple)
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Figure 3A-14.Impact of 50% US anthropogenic VOC cuts (ppb) on 8-hr daily average
ozone concentrations on three days in 2011

3A.3 VOC Impact Areas

As described in chapter 3, we defined VOC impact regions for the following urban areas:
New York City, Pittsburgh, Baltimore, Detroit, Chicago, Louisville, Houston, Dallas, Denver,
Northern California and Southern California. Not only did these areas have the highest design
values in each region, but ozone in these areas was also sensitive to VOC emissions reductions in
our modeling. Figure 3A-15 shows the impact of 50% US anthropogenic VOC cuts on July

monthly average 8-hour daily maximum ozone concentrations across the US. Ozone in each of
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the areas listed above is shown to have at least 0.2 ppb response to VOC emissions cuts.

Ozone Change from US 50% VO

July awvg of 8-hr daily max

Figure 3A-15.Change in July average of 8-hr daily maximum ozone concentration (ppb)
due to 50% cut in US anthropogenic VOC emissions

3A.4 Numeric Examples of Calculation Methodology for Changes in Design Values

In this section we use the data for two monitoring sites to demonstrate how changes in
design values were calculated, as described in section 3.3. For each monitor, numerical
examples are given for calculating the emissions reductions necessary to attain the current 75
ppb NAAQS (i.e., the baseline scenario) as well as the 65 ppb scenario, which is incremental to
the baseline. Note that design values are truncated when they are compared to a standard level,
so a calculated design value of 75.9 is truncated to 75 ppb and, therefore, meets the current 75
ppb standard. Similarly, a design value of 65.9 would meet an alternative standard level of 65.
For each monitor, we start with the base case design value, then account for ozone changes

simulated in the 111(d) sensitivity simulation and then apply equation 3-5 from chapter 3.
DV; = DVypys; + (Ryj X AE;) + (R, X AE;) + (Rs; X AE3) + -+ Eq 3-5

Example 1. Fresno California monitor 60195001 (baseline):
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DV60195001,baseline
NOx

N——r N——
DVe0195001,2025  ADVep195001,111d

NOxX+VOC
= 83.5 + —0.7 + ( —-99x10°> x 15,000 )

Reo 195001,CAcontrl,NCA AECAcantrl,NCA

NOx
+ ( —1.3x 104 x 8100 + 32,000 )
~—_——
R60195001,CAcontrol+50NOx,NCA AEmobile,2030tAE

voc

+ ( —9.9x107¢ x 3200+ 22,000) = 75.9 ppb

Rg0195001,V0C 50,NCA  AEmobile,2030HAE

Example 2. Fresno California monitor 60195001 (65 ppb scenario):

NOx up to 50% of CA modeled control sensitivity

DVj s = 759 + < —1.3x10* X 61,000)
’ —— (S ——— N A
DV paseline R60195001,CAcontrol+50NOx,NCA AE

NOx beyond 50% of CA modeled control sensitivity

+ ( —2.0x 1074 X 12,000) = 65.6 ppb
R60195001,CAcontrol50-90NOx,NCA AE
Example 3. Dallas monitor 484392003 (baseline):
NOx
NOx+VOoC
—
DV484392003,baseline = 771 + _10 + ( _16 X 10_5 X 44‘,000)
DV484392003,2025  ADV484392003,111d R484392003,TXcontrol AE

= 75.4 ppb

Example 4. Dallas monitor 484392003 (65 ppb scenario):
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NOx

DV484392003,65 = 75.4’ + ( _1.6 X 10_5 X 56,000)

——
DV 484392003,baseline R484392003,TXcontrol AE

NOx

+ ( —1.1x 1073 X 770,000)
~—— ~——————
R484392003,TXcontrol+50centralN0x AE

voc

+ ( —92x1076 X 17,000) = 65.9 ppb

R484392003,V0C_50,Dallas AE

3A.5 Emissions Reductions Applied to Create Baseline and Alternative Standard Level
Scenarios

The following tables present emissions reductions applied in each region to create the
baseline and alternative standard level scenarios. These emissions reductions were determined
using the methodology described in section 3.3.2 of the main RIA and demonstrated in section
3A.4 of this appendix. Sector-specific controls used for these reductions are discussed in more
detail in chapter 4 of the RIA. These emissions reductions were used to create the ozone

surfaces described in section 3.4 of the RIA.

Table 3A-3. Emissions Reductions Applied to Create the Baseline Scenario*
Emissions reductions (thousand tons) applied from

2025-2030 NOx reductions VOC reductions
. . . from one of the identified from Additional NOx
California mobile .. .
explicit control maxcontrol CoST reductions
source changes
cases run
Northeast N/A N/A N/A N/A
Midwest N/A N/A N/A N/A
45 (TX explicit
Central N/A emissions control N/A N/A
case)
Southwest N/A N/A N/A N/A
California 14 (NOx) eﬁg& :’éf)ﬁfrlgl 51(inNandSCA 32 (N California);
6 (VOCO) case) buffer region) 130 (S California)

*These emission are in addition to changes modeled in the simulation representing option
1(state) of the proposed carbon pollution guidelines under section 111(d) of the CAA.

Table 3A-4. Emissions Reductions Applied Beyond the Baseline Scenario to Create the 70
ppb Scenario

Emissions reductions (thousand tons) applied from
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NOx reductions from
one of the explicit
control cases*

VOC reductions
identified from
maxcontrol CoST run

Additional NOx reductions

31 (NY area);

130 (98 within NE buffer; 31

Northeast 110 6 (Baltimore area) outside the NE buffer)
Midwest N/A N/A N/A
58 (TX explicit emissions 350 (95 within TX buffer;
Central control case) 18 (Houston arca) 260 outside of TX buffer)
Southwest N/A N/A N/A
o Exhausted in baseline Exhausted in baseline 38 (N California);
California . . . .
scenario scenario 15 (S California)

Table 3A-5. Emissions Reductions Applied Beyond the Baseline Scenario to Create the 65
ppb Scenario

Emissions reductions (thousand tons) applied from

NOx reductions from one of
the explicit control cases*

VOC reductions
identified from

maxcontrol CoST

Additional NOx reductions

run
400 (300 within NE buffer;

Northeast 110 36 (NY area) 97(§utside the NE buffer)
Midwest 250 28 (Chicago area) 180

Central 58 (TX explicit emissions 18 (Houston area); 770 (210 yvithin TX buffer;

control case) 17 (Dallas area) 560 outside of TX buffer)

Southwest 77 7 (Denver area) 36
California ~ Exhausted in baseline scenario Exhausted in baseline 73 (N California);

scenario

32 (S California)

*In regions without a modeled explicit control case (Southwest and Midwest) this represents
equivalent emissions reductions that would have been identified in an explicit control case that
covered the entire region

Table 3A-6. Emissions Reductions Applied Beyond the Baseline Scenario to Create the 60
ppb Scenario

Emissions reductions (thousand tons) applied from

NOx reductions from one

of the explicit control

VOC reductions
identified from

Additional NOx reductions

cases* maxcontrol CoST run
36 (NY area); 610 (470 within NE buffer;
Northeast 110 6 (Bagtirnore azea) 150 (outside the NE buffer)
32 (Chicago area);
Midwest 250 41 (additional Chicago 620
area VOC control)
Central 58 (TX explicit emissions 18 (Houston area); 1,200 (340 within TX buffer;
control case) 18 (Dallas area) 910 outside of TX buffer)
Southwest 77 7 (Denver area) 420
. . Exhausted in baseline Exhausted in baseline 97 (N California);
California . . . .
scenario scenario 48 (S California)
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*In regions without a modeled explicit control case (Southwest and Midwest) this represents
equivalent emissions reductions that would have been identified in an explicit control case that

covered the entire region

3A.6 Design Values for All Monitors included in the Quantitative Analysis

Table 3A-7. Design Values for California Region Monitors

Site ID Lat long State County Base Case Baseline 70 65 60
60010007 37.69 -121.78 California Alameda 66 61 57 53 48
60010009 37.74 -122.17 California Alameda 47 44 42 40 36
60010011 37.81 -122.28 California Alameda 46 43 41 39 35
60012001 37.65 -122.03  California Alameda 54 51 48 45 41
60050002 38.34 -120.76 California Amador 60 54 50 46 43
60070007 39.71 -121.62  California Butte 63 58 54 50 47
60070008 39.76 -121.84 California Butte 53 49 46 43 40
60090001 38.20 -120.68 California Calaveras 63 57 53 49 46
60111002 39.20 -122.02 California Colusa 53 49 46 43 41
60130002 37.94 -122.03 California Contra Costa 65 60 57 53 48
60131002 38.01 -121.64 California Contra Costa 65 59 56 51 47
60131004 3796 -122.36 California Contra Costa 51 47 45 42 38
60170010 38.73 -120.82  California EIl Dorado 67 60 55 50 46
60170012 38.81 -120.03 California El Dorado 61 59 57 56 55
60170020 38.89 -121.00 California EIl Dorado 69 62 57 52 47
60190007 36.71 -119.74 California Fresno 82 74 69 64 59
60190011 36.79 -119.77 California Fresno 81 73 68 63 58
60190242 36.84 -119.87 California Fresno 81 74 70 65 60
60192009 36.63 -120.38 California Fresno 64 59 55 52 49
60194001 36.60 -119.50 California Fresno 76 69 65 60 56
60195001 36.82 -119.72  California Fresno 83 75 70 65 60
60210003 39.53 -122.19 California Glenn 56 52 49 46 44
60250005 32.68 -115.48 California Imperial 69 62 61 60 59
60254003 33.03 -115.62 California Imperial 64 54 53 51 50
60254004 33.21 -115.55 California Imperial 63 53 52 50 48
60290007 3535 -118.85 California Kern 81 74 70 65 60
60290008 35.05 -119.40 California Kern 72 67 63 59 55
60290011 35.05 -118.15 California Kern 71 58 57 55 53
60290014 3536 -119.04 California Kern 77 71 66 61 56
60290232 3544 -119.02 California Kern 77 71 66 61 57
60295002 3524 -118.79 California Kern 74 68 64 59 55
60296001 35.50 -119.27 California Kern 73 67 63 59 55
60311004 36.31 -119.64 California Kings 74 67 63 59 55
60333001 39.03 -122.92  California Lake 48 45 43 41 38
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Site ID Lat long State County Base Case Baseline 70 65 60
60370002 34.14 -117.92 California Los Angeles 75 55 52 48 43
60370016 34.14 -117.85 California Los Angeles 88 65 61 56 51
60370113 34.05 -118.46 California Los Angeles 62 49 46 43 39
60371002 34.18 -118.32 California Los Angeles 73 53 49 46 42
60371103 34.07 -118.23 California Los Angeles 63 48 45 41 37
60371201 34.20 -118.53 California Los Angeles 83 62 59 55 51
60371302 3390 -118.21 California Los Angeles 57 52 51 49 47
60371602 34.01 -118.07 California Los Angeles 66 55 52 48 44
60371701 34.07 -117.75 California Los Angeles 80 62 58 54 50
60372005 34.13 -118.13 California Los Angeles 74 55 51 47 43
60374002 33.82 -118.19 California Los Angeles 55 50 49 47 45
60376012 3438 -118.53 California Los Angeles 88 64 60 56 51
60379033 34.67 -118.13  California Los Angeles 79 60 57 54 51
60390004 36.87 -120.01 California Madera 70 64 60 56 52
60392010 36.95 -120.03 California Madera 73 67 63 59 55
60410001 37.97 -122.52  California Marin 47 44 41 39 36
60430006 37.55 -119.84 California Mariposa 65 61 58 55 53
60470003 37.28 -120.43  California Merced 71 65 61 57 53
60530002 36.50 -121.73  California Monterey 50 40 39 37 36
60530008 36.21 -121.13  California Monterey 51 41 40 39 37
60531003 36.70 -121.64 California Monterey 46 36 35 33 32
60550003 38.31 -122.30 California Napa 53 49 46 43 40
60570005 39.23 -121.06 California Nevada 63 58 54 50 47
60570007 39.32 -120.85 California Nevada 61 56 52 48 45
60590007 33.83 -117.94 California Orange 60 49 47 44 42
60591003 33.67 -117.93 California Orange 58 48 46 44 41
60592022 33.63 -117.68 California Orange 60 45 42 40 37
60595001 3393 -117.95 California Orange 66 54 51 48 45
60610003 38.94 -121.10 California Placer 69 62 57 52 47
60610004 39.10 -120.95 California Placer 61 55 51 47 44
60610006 38.75 -121.27 California Placer 70 63 58 53 48
60650004 34.01 -117.52 California Riverside 77 60 57 53 50
60650008 33.74 -115.82 California Riverside 56 47 46 44 43
60650009 33.45 -117.09 California Riverside 60 46 43 41 39
60650012 3392 -116.86 California Riverside 85 64 60 56 52
60650016 33.58 -117.08 California Riverside 64 48 45 43 40
60651016 33.95 -116.83 California Riverside 87 65 61 58 53
60652002 33.71 -116.22 California Riverside 74 59 57 55 52
60655001 33.85 -116.54 California Riverside 81 63 60 57 54
60656001 33.79 -117.23 California Riverside 78 58 54 51 47
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Site ID Lat long State County Base Case Baseline 70 65 60
60658001 34.00 -117.42 California Riverside 89 68 64 60 55
60658005 34.00 -117.49 California Riverside 85 65 61 57 53
60659001 33.68 -117.33  California Riverside 74 55 52 49 45
60659003 33.61 -114.60 California Riverside 60 54 53 52 51
60670002 38.71 -121.38  California Sacramento 65 59 54 49 45
60670006 38.61 -121.37 California Sacramento 66 60 55 50 45
60670010 38.56 -121.49 California Sacramento 61 55 51 47 42
60670011 38.30 -121.42 California Sacramento 62 56 52 48 44
60670012 38.68 -121.16 California Sacramento 77 69 64 58 52
60670014 38.65 -121.51 California Sacramento 60 54 50 46 42
60675003 38.49 -121.21 California Sacramento 72 65 60 54 49
60690002 36.84 -121.36  California San Benito 54 42 40 38 36
60690003 36.49 -121.16 California San Benito 61 48 46 45 43
60710001 3490 -117.02 California San Bernardino 69 57 55 53 51
60710005 34.24 -117.27 California San Bernardino 99 75 70 65 60
60710012 34.43 -117.56 California San Bernardino 85 65 62 58 54
60710306 34.51 -117.33  California San Bernardino 77 60 57 54 50
60711004 34.10 -117.63 California San Bernardino 91 71 66 62 56
60711234 3576 -117.40 California San Bernardino 65 60 59 59 58
60712002 34.10 -117.49 California San Bernardino 96 74 69 64 59
60714001 34.42 -117.29 California San Bernardino 88 68 64 60 55
60714003 34.06 -117.15 California San Bernardino 97 73 68 64 59
60719002 34.07 -116.39 California San Bernardino 82 66 63 61 58
60719004 34.11 -117.27 California San Bernardino 91 69 64 60 55
60730001 32.63 -117.06 California San Diego 60 54 53 52 51
60730003 32.79 -116.94 California San Diego 61 49 47 45 43
60730006 32.84 -117.13  California San Diego 62 50 49 47 45
60731001 3295 -117.26 California San Diego 57 48 46 45 44
60731002 33.13 -117.08 California San Diego 58 44 42 40 38
60731006 32.84 -116.77 California San Diego 69 55 52 50 47
60731008 33.22 -117.40 California San Diego 56 44 43 41 39
60731010 32.70 -117.15 California San Diego 55 49 48 47 46
60731016 32.85 -117.12  California San Diego 59 47 46 44 42
60731201 33.36 -117.09 California San Diego 58 45 43 41 39
60732007 32.55 -116.94 California San Diego 54 48 47 46 45
60771002 37.95 -121.27 California San Joaquin 59 54 50 46 42
60773005 37.68 -121.44  California San Joaquin 70 65 61 56 52
60790005 35.63 -120.69 California San Luis Obispo 55 46 44 43 42
60792006 35.26 -120.67 California San Luis Obispo 47 38 37 36 35
60793001 35.37 -120.84 California San Luis Obispo 46 39 38 38 37
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Site ID Lat long State County Base Case Baseline 70 65 60
60794002 35.03 -120.50 California San Luis Obispo 50 41 40 39 37
60798001 35.49 -120.67 California San Luis Obispo 53 44 43 42 40
60798005 35.64 -120.23  California San Luis Obispo 67 55 53 52 50
60798006 35.35 -120.04 California San Luis Obispo 65 53 51 49 47
60811001 37.48 -122.20 California San Mateo 53 50 49 46 42
60830008 34.46 -120.03 California Santa Barbara 51 44 43 42 41
60830011 34.43 -119.69 California Santa Barbara 49 42 41 40 39
60831008 34.95 -120.44 California Santa Barbara 43 35 34 33 32
60831013 34.73 -120.43 California Santa Barbara 54 45 44 42 41
60831014 34.54 -119.79 California Santa Barbara 58 49 48 47 45
60831018 34.53 -120.20 California Santa Barbara 49 43 43 42 41
60831021 34.40 -119.46 California Santa Barbara 58 49 48 47 46
60831025 34.49 -120.05 California Santa Barbara 60 52 50 49 48
60832004 34.64 -120.46 California Santa Barbara 47 40 39 38 37
60832011 34.45 -119.83 California Santa Barbara 49 42 41 41 40
60833001 34.61 -120.08 California Santa Barbara 52 44 43 41 40
60834003 34.60 -120.63 California Santa Barbara 54 47 46 45 44
60850002 37.00 -121.57 California Santa Clara 58 53 50 46 42
60850005 37.35 -121.89  California Santa Clara 56 52 49 45 41
60851001 37.23 -121.98 California Santa Clara 59 54 51 47 43
60852006 37.08 -121.60 California Santa Clara 62 57 53 49 45
60852009 37.32 -122.07 California Santa Clara 56 52 49 45 41
60870007 36.98 -121.99 California Santa Cruz 47 36 34 32 30
60890004 40.55 -122.38 California Shasta 52 47 44 41 38
60890007 40.45 -122.30 California Shasta 58 53 49 46 43
60890009 40.69 -122.40 California Shasta 60 54 51 47 44
60893003 40.54 -121.57 California Shasta 58 55 53 51 50
60950004 38.10 -122.24  California Solano 53 49 46 43 39
60950005 38.23 -122.08 California Solano 58 53 50 46 43
60953003 38.36  -121.95  California Solano 58 53 50 46 43
60970003 38.44 -122.71 California Sonoma 39 36 34 32 31
60990005 37.64 -120.99 California Stanislaus 66 60 56 52 48
60990006 37.49 -120.84 California Stanislaus 76 69 64 59 55
61010003 39.14 -121.62  California Sutter 55 50 47 43 41
61010004 39.21 -121.82  California Sutter 64 59 55 52 49
61030004 40.26 -122.09 California Tehama 65 60 56 53 50
61030005 40.18 -122.24  California Tehama 63 58 55 51 49
61070009 36.49 -118.83 California Tulare 79 72 68 64 60
61072002 36.33 -119.29  California Tulare 71 64 60 56 52
61072010 36.03 -119.06 California Tulare 74 68 64 60 56
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Site ID Lat long State County Base Case Baseline 70 65 60
61090005 37.98 -120.38  California Tuolumne 62 58 54 51 48
61110007 34.21 -118.87 California Ventura 64 49 47 44 42
61110009 34.40 -118.81 California Ventura 66 51 49 46 44
61111004 34.45 -119.23  California Ventura 67 56 55 54 52
61112002 34.28 -118.68 California Ventura 72 55 52 50 46
61113001 34.25 -119.14 California Ventura 55 44 43 42 40
61130004 38.53 -121.77 California Yolo 57 52 49 45 42
61131003 38.66 -121.73  California Yolo 60 54 51 47 43

*The design value from the monitor(s) with the highest projected ozone in each scenario is

shown in bold blue text

Table 3A-8. Design Values for Southwest Monitors
Site ID lat long State County Base Case  Baseline 70 65 60
40051008  35.21 -111.65  Arizona Coconino 63 63 63 62 60
40070010  33.65 -111.11  Arizona Gila 62 62 62 60 52
40130019  33.48 -112.14  Arizona Maricopa 65 65 65 62 51
40131004 33.56 -112.07 Arizona Maricopa 66 66 66 62 51
40131010  33.45 -111.73  Arizona Maricopa 58 58 58 55 46
40132001  33.57 -112.19  Arizona Maricopa 62 62 62 58 48
40132005 33.71 -111.86 Arizona Maricopa 62 62 62 59 50
40133002 3346 -112.05 Arizona Maricopa 62 62 62 59 48
40133003 3348 -111.92  Arizona Maricopa 63 63 63 60 50
40134003 33.40 -112.08 Arizona Maricopa 64 64 64 60 50
40134004 3330 -111.88  Arizona Maricopa 61 61 61 57 48
40134005 33.41 -111.93  Arizona Maricopa 59 59 59 55 46
40134008  33.82 -112.02  Arizona Maricopa 62 62 62 59 49
40134010 33.64 -112.34  Arizona Maricopa 58 58 58 55 46
40134011  33.37 -112.62  Arizona Maricopa 56 56 56 54 47
40137003  33.29 -112.16  Arizona Maricopa 60 60 60 57 49
40137020  33.49 -111.86  Arizona Maricopa 62 62 62 58 48
40137021  33.51 -111.76  Arizona Maricopa 63 63 63 60 50
40137022 3347 -111.81 Arizona Maricopa 60 60 60 57 48
40137024 3351 -111.84  Arizona Maricopa 61 61 61 58 48
40139508 3398 -111.80  Arizona Maricopa 59 59 59 56 48
40139702 3355 -111.61  Arizona Maricopa 62 62 62 59 49
40139704  33.61 -111.73  Arizona Maricopa 62 62 62 59 49
40139706  33.72 -111.67 Arizona Maricopa 61 61 61 58 49
40139997  33.50 -112.10  Arizona Maricopa 64 64 64 61 50
40170119  34.82 -109.89  Arizona Navajo 61 61 6l 58 55
40190021  32.17 -110.74  Arizona Pima 62 62 62 57 51
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Site ID lat long State County Base Case  Baseline 70 65 60
40191011  32.20 -110.88  Arizona Pima 57 57 57 53 47
40191018 3243 -111.06 Arizona Pima 58 58 58 56 50
40191020  32.05 -110.77  Arizona Pima 60 60 60 55 48
40191028 3230 -110.98  Arizona Pima 57 57 57 54 48
40191030 31.88 -111.00  Arizona Pima 60 60 60 55 50
40191032  32.17 -110.98  Arizona Pima 56 56 56 52 46
40191034 3238 -111.13  Arizona Pima 56 56 56 53 48
40213001 3342 -111.54  Arizona Pinal 61 61 61 58 49
40213003 3295 -111.76  Arizona Pinal 59 59 59 57 51
40213007  32.51 -111.31  Arizona Pinal 61 61 61 59 55
40217001  33.08 -111.74  Arizona Pinal 60 60 60 58 51
40218001  33.29 -111.29  Arizona Pinal 64 64 64 61 52
40258033  34.55 -112.48  Arizona Yavapai 63 63 63 62 60
80013001  39.84 -104.95 Colorado Adams 61 61 61 58 48
80050002  39.57 -104.96 Colorado Arapahoe 66 66 66 63 53
80050006  39.64 -104.57 Colorado Arapahoe 62 62 62 58 50
80130011 39.96 -105.24 Colorado Boulder 61 61 61 58 48
80310014  39.75 -105.03 Colorado Denver 58 58 58 55 46
80310025 39.70 -105.00 Colorado Denver 58 58 58 55 46
80350004 39.53 -105.07 Colorado Douglas 68 68 68 65 55
80410013  38.96 -104.82 Colorado El Paso 65 65 65 63 58
80410016  38.85 -104.90 Colorado El Paso 67 67 67 65 60
80450012 39.54 -107.78  Colorado Garfield 62 62 62 60 55
80590002 39.80 -105.10 Colorado Jefferson 58 58 58 55 46
80590005 39.64 -105.14 Colorado Jefferson 64 64 64 61 51
80590006 3991 -105.19 Colorado Jefferson 67 67 67 63 53
80590011  39.74 -105.18 Colorado Jefferson 66 66 66 63 52
80590013  39.54 -105.30 Colorado Jefferson 62 62 62 59 49
80677001  37.14 -107.63 Colorado La Plata 64 64 64 63 60
80677003  37.10 -107.87 Colorado La Plata 63 63 63 62 59
80690007 40.28 -105.55 Colorado Larimer 64 64 64 61 53
80690011  40.59 -105.14 Colorado Larimer 68 68 68 64 54
80690012  40.64 -105.28 Colorado Larimer 61 61 61 58 49
80691004 40.58 -105.08 Colorado Larimer 60 60 60 57 47
80770020  39.13 -108.31 Colorado Mesa 63 63 63 62 57
80810002  40.51 -107.89  Colorado Moffat 61 61 61 59 55
80830006 37.35 -108.59 Colorado Montezuma 61 61 61 60 57
80830101  37.20 -108.49  Colorado Montezuma 60 60 60 59 55
81030005 40.04 -107.85 Colorado Rio Blanco 60 60 60 58 55
81230009 40.39 -104.74 Colorado Weld 67 67 67 64 54
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Site ID lat long State County Base Case  Baseline 70 65 60
320010002 39.47 -118.78 Nevada Churchill 53 53 53 53 52
320030022 3639 -11491 Nevada Clark 61 61 61 59 55
320030023 36.81 -114.06 Nevada Clark 57 57 57 56 55
320030043 36.11 -115.25 Nevada Clark 67 67 67 65 57
320030071 36.17 -11526 Nevada Clark 66 66 66 64 57
320030073 36.17 -11533 Nevada Clark 66 66 66 64 57
320030075 3627 -11524 Nevada Clark 65 65 65 63 56
320030538 36.14 -115.06 Nevada Clark 61 61 61 60 53
320030540 36.14 -115.08 Nevada Clark 61 61 61 60 53
320030601 3598 -114.85 Nevada Clark 65 65 65 64 60
320031019 3579 -11536 Nevada Clark 66 66 66 64 60
320032002 36.19 -115.12 Nevada Clark 61 61 61 60 53
320190006 39.60 -119.25 Nevada Lyon 61 61 61 60 59
320310016 39.53 -119.81 Nevada Washoe 60 60 60 59 58
320310020 39.47 -119.78 Nevada Washoe 61 61 61 60 59
320310025 3940 -119.74 Nevada Washoe 60 60 60 60 58
320311005 39.54 -119.75 Nevada Washoe 61 61 61 60 59
320312002 39.25 -119.96 Nevada Washoe 55 55 55 55 55
320312009 39.65 -119.84 Nevada Washoe 61 61 61 60 58
325100002 39.17 -119.73 Nevada Carson City 61 61 61 60 60
350010023 35.13 -106.59 W Bernalillo 60 60 60 58 54
Mexico
New .
350010024 35.06 -106.58 . Bernalillo 61 61 61 59 55
Mexico
350010027 35.15 -106.70 W Bernalillo 64 64 64 62 59
Mexico
New .
350010029 35.02 -106.66 . Bernalillo 61 61 61 60 55
Mexico
350010032 35.06 -106.76 W Bernalillo 58 58 58 57 52
Mexico
New .
350011012 35.19 -106.51 . Bernalillo 64 64 64 63 59
Mexico
New .
350011013 35.19 -106.61 . Bernalillo 61 61 61 59 55
Mexico
New
350130008 31.93 -106.63 . Dona Ana 61 61 61 60 59
Mexico
350130023 3232 -106.77 New Dona Ana 60 60 60 59 58
Mexico
New
350171003 32.69 -108.12 . Grant 61 61 61 61 59
Mexico
New
350250008 32.73 -103.12 . Lea 60 60 60 60 58
Mexico
New
350290003 3226 -107.72 . Luna 59 59 59 58 57
Mexico
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Site ID lat long State County Base Case  Baseline 70 65 60
350431001 35.30 -106.55 New- Sandoval 56 56 56 55 52
Mexico
New
350439004 35.62 -106.72 . Sandoval 59 59 59 59 57
Mexico
New
350450009 36.74 -107.98 . San Juan 58 58 58 57 52
Mexico
New
350450018 36.81 -107.65 . San Juan 64 64 64 62 57
Mexico
New
350451005 36.80 -108.47 . San Juan 56 56 56 54 50
Mexico
New
350451233 36.81 -108.70 . San Juan 55 55 55 53 48
Mexico
New
350490021 35.62 -106.08 . Santa Fe 60 60 60 60 58
Mexico
New .
350610008 34.81 -106.74 . Valencia 58 58 58 57 52
Mexico
490030003 41.49 -112.02 Utah Box Elder 59 59 59 57 49
490037001 41.95 -112.23 Utah Box Elder 60 60 60 59 55
490050004 41.73 -111.84 Utah Cache 59 59 59 57 54
490071003 39.61 -110.80 Utah Carbon 64 64 64 60 56
490110004 4090 -111.88 Utah Davis 61 61 61 58 52
490131001 40.21 -110.84 Utah Duchesne 63 63 63 62 59
490352004 40.74 -112.21 Utah Salt Lake 65 65 65 62 54
490353006 40.74 -111.87 Utah Salt Lake 65 65 65 61 53
490450003 40.54 -112.30 Utah Tooele 64 64 64 61 53
490490002 40.25 -111.66 Utah Utah 64 64 64 62 57
490495008 40.43 -111.80 Utah Utah 59 59 59 57 53
490495010 40.14 -111.66 Utah Utah 63 63 63 61 57
490570002 41.21 -111.98 Utah Weber 64 64 64 61 54
490571003 41.30 -111.99 Utah Weber 64 64 64 61 53
560050123 44.65 -105.29 Wyoming Campbell 60 60 60 58 53
560050456 44.15 -105.53 Wyoming Campbell 60 60 60 58 53
560070100 41.39 -107.62 Wyoming Carbon 60 60 60 58 56
560130232 43.08 -107.55 Wyoming Fremont 61 61 61 60 58
560210100 41.18 -104.78 Wyoming Laramie 61 61 61 59 54
560350700 42.49 -110.10 Wyoming Sublette 60 60 60 59 58
560370077 41.16 -108.62 Wyoming Sweetwater 60 60 60 58 55
560370200 41.68 -108.02 Wyoming Sweetwater 60 60 60 57 53
560370300 41.75 -109.79 Wyoming Sweetwater 61 61 61 60 56
560410101 41.37 -111.04 Wyoming Uinta 58 58 58 57 54

*The design value from the monitor(s) with the highest projected ozone in each scenario is
shown in bold blue text
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Table 3A-9. Design Values for Central Region Monitors

Site ID lat long State County Base Case  Baseline 70 65 60
50199991  34.18 -93.10  Arkansas Clark 56 54 52 48 44
50350005  35.20 -90.19 Arkansas Crittenden 64 63 63 61 60
51010002  35.83 -93.21 Arkansas Newton 57 55 54 49 46
51130003  34.45 -94.14  Arkansas Polk 65 63 60 56 53
51190007  34.76 -92.28 Arkansas Pulaski 55 52 51 44 39
51191002  34.84 -92.26  Arkansas Pulaski 58 55 53 47 42
51191008  34.68 -92.33 Arkansas Pulaski 57 54 52 46 42
51430005  36.18 -94.12  Arkansas Washington 62 60 58 54 50
200910010 38.84 -94.75 Kansas Johnson 60 59 55 51 46
201030003 39.33 -94.95 Kansas Leavenworth 59 58 54 50 44
201070002 38.14 -94.73 Kansas Linn 60 58 55 51 47
201619991 39.10 -96.61 Kansas Riley 63 62 60 57 55
201730001 37.78 -97.34  Kansas Sedgwick 55 54 52 49 46
201730010 37.70 -97.31 Kansas Sedgwick 64 63 61 57 53
201730018 37.90 -97.49  Kansas Sedgwick 63 62 59 55 51
201770013  39.02 -95.71 Kansas Shawnee 63 62 59 57 53
201910002 37.48 -97.37 Kansas Sumner 66 65 63 59 55
201950001 38.77 -99.76  Kansas Trego 67 67 65 62 60
202090021 39.12 -94.64 Kansas Wyandotte 56 55 51 47 42
220050004 30.23 -90.97 Louisiana  Ascension 63 62 58 54 49
220150008 32.54 -93.75 Louisiana  Bossier 69 67 61 55 49
220170001 32.68 -93.86  Louisiana  Caddo 67 64 59 53 47
220190002 30.14 -93.37  Louisiana  Calcasieu 67 67 64 61 57
220190008 30.26 -93.28 Louisiana  Calcasieu 61 61 57 55 51
220190009 30.23 -93.58 Louisiana  Calcasieu 66 64 61 57 53
220330003 30.42 -91.18 Louisiana  East Baton Rouge 67 67 63 58 53
220330009 30.46 -91.18 Louisiana  East Baton Rouge 64 63 59 56 51
220330013 30.70 -91.06 Louisiana  East Baton Rouge 59 59 55 52 48
220470009 30.22 -91.32 Louisiana  Iberville 63 62 58 54 49
220470012  30.21 -91.13 Louisiana  Iberville 65 65 61 57 52
220511001  30.04 -90.28 Louisiana  Jefferson 63 62 59 55 50
220550007 30.22 -92.05 Louisiana  Lafayette 60 59 57 54 50
220570004 29.76 -90.77 Louisiana  Lafourche 61 61 57 52 47
220630002 30.31 -90.81 Louisiana  Livingston 62 61 57 53 49
220710012  29.99 -90.10  Louisiana  Orleans 60 58 55 51 47
220730004 32.51 -92.05 Louisiana ~ Ouachita 59 59 54 51 46
220770001 30.68 -91.37  Louisiana  Pointe Coupee 62 61 58 54 50
220870004 29.94 -89.92  Louisiana  St. Bernard 61 59 57 53 50
220890003 29.98 -90.41 Louisiana  St. Charles 59 58 55 51 47
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Site ID lat long State County Base Case  Baseline 70 65 60
220930002 29.99 -90.82 Louisiana  St. James 58 57 53 49 45
220950002 30.06 -90.61 Louisiana  St. John the Baptist 62 61 57 53 48
221030002 30.43 -90.20  Louisiana  St. Tammany 63 62 59 56 52
221210001  30.50 -91.21 Louisiana ~ West Baton Rouge 60 59 55 52 47
280010004 31.56 -91.39  Mississippi Adams 56 55 53 51 49
280110001  33.75 -90.72  Mississippi  Bolivar 63 62 60 57 53
280330002 34.82 -89.99  Mississippi  DeSoto 58 57 57 54 52
280450003 30.30 -89.40  Mississippi  Hancock 54 51 51 47 44
280470008 30.39 -89.05 Mississippi  Harrison 58 53 55 47 44
280490010 32.39 -90.14  Mississippi  Hinds 50 49 47 44 41
280590006 30.38 -88.53 Mississippi  Jackson 57 55 55 51 48
280750003 32.36 -88.73 Mississippi  Lauderdale 52 51 51 48 47
280810005 34.26 -88.77  Mississippi Lee 51 51 50 49 48
281619991 34.00 -89.80  Mississippi  Yalobusha 53 52 51 49 48
290030001 39.95 -94.85 Missouri Andrew 60 59 55 51 46
290190011  39.08 -92.32  Missouri Boone 57 56 53 50 46
290270002 38.71 -92.09  Missouri Callaway 55 55 52 49 46
290370003 38.76 -94.58 Missouri Cass 58 57 53 50 45
290390001 37.69 -94.04  Missouri Cedar 63 61 58 54 50
290470003 39.41 -94.27  Missouri Clay 63 62 58 53 48
290470005 39.30 -94.38  Missouri Clay 62 61 57 52 47
290470006 39.33 -94.58  Missouri Clay 64 63 58 54 48
290490001 39.53 -94.56  Missouri Clinton 64 63 58 54 48
290770036 37.26 -93.30  Missouri Greene 57 56 53 49 46
290770042 37.32 -93.20  Missouri Greene 59 58 55 51 47
290970004 37.24 -94.42  Missouri Jasper 66 62 60 54 49
290990019 38.45 -90.40  Missouri Jefferson 64 64 60 57 52
291130003 39.04 -90.86  Missouri Lincoln 63 62 59 56 53
291370001 39.48 -91.79 Missouri Monroe 58 58 55 53 50
291570001 37.70 -89.70  Missouri Perry 61 62 59 58 56
291831002 38.87 -90.23 Missouri Saint Charles 68 67 63 58 53
291831004 38.90 -90.45 Missouri Saint Charles 65 64 61 57 53
291860005 37.90 -90.42 Missouri Sainte Genevieve 60 60 57 54 50
291890005 38.49 -90.71 Missouri Saint Louis 59 58 55 51 47
291890014 38.71 -90.48 Missouri Saint Louis 66 65 61 58 53
292130004 36.71 -93.22  Missouri Taney 58 56 54 50 46
295100085 38.66 -90.20  Missouri St. Louis City 64 63 59 55 49
400019009 35.75 -94.67 Oklahoma  Adair 66 62 61 55 51
400159008 35.11 -98.25 Oklahoma Caddo 64 62 60 55 50
400170101 35.48 -97.75 Oklahoma Canadian 62 62 58 54 49
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Site ID lat long State County Base Case  Baseline 70 65 60
400219002 35.85 -94.99 Oklahoma  Cherokee 66 61 61 54 49
400270049 35.32 -97.48 Oklahoma  Cleveland 64 62 59 55 50
400310651 34.63 -98.43 Oklahoma  Comanche 66 65 62 59 55
400370144 36.11 -96.36 Oklahoma  Creek 65 62 60 54 48
400430860 36.16 -98.93 Oklahoma Dewey 66 65 63 60 56
400719010 36.96 -97.03 Oklahoma Kay 64 62 60 56 53
400871073 35.16 -97.47 Oklahoma  McClain 63 61 58 54 50
400892001 34.48 -94.66 Oklahoma  McCurtain 62 60 59 55 52
400979014 36.23 -95.25 Oklahoma  Mayes 68 63 63 55 50
401090033 35.48 -97.49 Oklahoma  Oklahoma 66 65 61 58 53
401090096 35.48 -97.30 Oklahoma  Oklahoma 65 64 60 57 52
401091037 35.61 -97.48 Oklahoma  Oklahoma 67 66 62 59 54
401159004 36.92 -94.84 Oklahoma  Ottawa 64 61 60 54 50
401210415 34.90 -95.78 Oklahoma  Pittsburg 65 63 60 55 50
401359021 35.41 -94.52 Oklahoma Sequoyah 63 61 59 54 50
401430137 36.36 -96.00 Oklahoma  Tulsa 67 64 62 55 50
401430174 35.95 -96.00 Oklahoma  Tulsa 65 61 60 52 46
401430178 36.13 -95.76 Oklahoma  Tulsa 66 63 60 54 48
401431127 36.20 -95.98 Oklahoma  Tulsa 67 64 62 55 49
480271047 31.09 -97.68 Texas Bell 64 62 60 57 54
480290032 29.52 -98.62 Texas Bexar 69 68 65 62 58
480290052 29.63 -98.56 Texas Bexar 71 69 66 63 59
480290059 29.28 -98.31 Texas Bexar 62 60 58 54 51
480391004 29.52 -95.39 Texas Brazoria 77 75 70 65 60
480391016 29.04 -95.47 Texas Brazoria 65 63 61 57 54
480610006 25.89 -97.49 Texas Cameron 58 57 56 54 52
480850005 33.13 -96.79 Texas Collin 72 70 65 61 56
481130069 32.82 -96.86 Texas Dallas 71 70 65 61 56
481130075 32.92 -96.81 Texas Dallas 72 71 66 62 57
481130087 32.68 -96.87 Texas Dallas 71 69 65 60 55
481210034 33.22 -97.20 Texas Denton 74 72 68 63 58
481211032 33.41 -96.94 Texas Denton 72 70 66 61 56
481390016 32.48 -97.03 Texas Ellis 67 66 62 58 54
481391044 32.18 -96.87 Texas Ellis 63 60 57 53 50
481410029 31.79 -106.32  Texas El Paso 58 58 58 57 56
481410055 31.75 -106.40 Texas El Paso 63 63 62 61 60
481410057 31.67 -106.29  Texas El Paso 63 62 62 61 60
481671034 29.25 -94.86 Texas Galveston 70 69 66 62 59
481830001 32.38 -94.71 Texas Gregg 73 67 62 54 48
482010024 29.90 -95.33 Texas Harris 74 73 68 64 59

3A-37



Site ID lat long State County Base Case  Baseline 70 65 60
482010026 29.80 -95.13 Texas Harris 71 69 65 61 56
482010029 30.04 -95.67 Texas Harris 72 71 67 63 59
482010046 29.83 -95.28 Texas Harris 70 69 64 60 56
482010047 29.83 -95.49 Texas Harris 70 69 64 60 55
482010051 29.62 -95.47 Texas Harris 71 70 65 60 55
482010055 29.70 -95.50  Texas Harris 72 71 66 61 56
482010062 29.63 -95.27 Texas Harris 70 69 64 59 54
482010066 29.72 -95.50  Texas Harris 69 68 63 59 54
482010070 29.74 -95.32 Texas Harris 69 68 63 59 54
482010075 29.75 -95.35 Texas Harris 71 69 64 60 55
482010416 29.69 -95.29 Texas Harris 70 69 64 59 54
482011015 29.76 -95.08 Texas Harris 68 67 63 59 54
482011034 29.77 -95.22 Texas Harris 75 73 68 63 58
482011035 29.73 -95.26  Texas Harris 72 71 66 61 56
482011039 29.67 -95.13 Texas Harris 76 74 70 65 60
482011050 29.58 -95.02 Texas Harris 72 71 67 63 59
482030002 32.67 -94.17 Texas Harrison 67 63 58 52 47
482150043 26.23 -98.29 Texas Hidalgo 56 55 54 52 51
482151048 26.13 -97.94  Texas Hidalgo 55 55 53 52 50
482210001 32.44 -97.80  Texas Hood 67 66 62 58 54
482311006 33.15 -96.12 Texas Hunt 62 61 57 54 50
482450009 30.04 -94.07 Texas Jefferson 66 64 61 56 52
482450011 29.90 -93.99 Texas Jefferson 66 65 61 57 53
482450022 29.86 -94.32 Texas Jefferson 64 62 59 55 51
482450101 29.73 -93.89 Texas Jefferson 70 69 66 62 58
482450102 29.94 -94.00  Texas Jefferson 63 62 58 54 50
482450628 29.87 -93.96 Texas Jefferson 65 63 60 56 52
482451035 29.98 -94.01 Texas Jefferson 65 63 59 55 51
482510003 32.35 -97.44  Texas Johnson 70 68 64 60 56
482570005 32.56 -96.32 Texas Kaufman 64 61 58 53 50
483091037 31.65 -97.07 Texas McLennan 65 63 60 55 52
483390078 30.35 -95.43 Texas Montgomery 68 67 63 59 55
483491051 32.03 -96.40  Texas Navarro 64 61 58 53 50
483550025 27.77 -97.43 Texas Nueces 66 64 62 59 56
483550026 27.83 -97.56  Texas Nueces 66 64 62 58 55
483611001 30.09 -93.76  Texas Orange 66 64 61 57 52
483611100 30.19 -93.87 Texas Orange 63 60 58 53 49
483670081 32.87 -97.91 Texas Parker 70 68 64 61 57
483739991 30.70 -94.67 Texas Polk 62 61 59 56 54
483970001 32.94 -96.46 Texas Rockwall 68 66 62 59 54
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Site ID lat long State County Base Case  Baseline 70 65 60
484230007 32.34 -95.42  Texas Smith 67 64 61 56 52
484390075 32.99 -97.48  Texas Tarrant 73 71 66 62 57
484391002 32.81 -97.36  Texas Tarrant 71 70 65 61 56
484392003 32.92 -97.28  Texas Tarrant 77 75 70 65 60
484393009 32.98 -97.06  Texas Tarrant 75 73 69 64 59
484393011 32.66 -97.09  Texas Tarrant 72 70 66 61 57
484530014 30.35 -97.76  Texas Travis 65 64 61 57 54
484530020 30.48 -97.87 Texas Travis 63 61 59 55 52
484690003 28.84 -97.01  Texas Victoria 63 60 57 53 50
484790016 27.51 -99.52  Texas Webb 60 59 57 56 54

*The design value from the monitor(s) with the highest projected ozone in each scenario is

shown in bold blue text

Table 3A-10. Design Values for Midwest Monitors
Site ID lat long State County Base Case  Baseline 70 65 60
170010007  39.92 -91.34  Illinois Adams 57 56 56 55 54
170190007  40.24 -88.19 linois Champaign 58 58 58 55 53
170191001  40.05 -88.37  Illinois Champaign 60 59 59 57 54
170230001  39.21 -87.67  Illinois Clark 58 58 58 54 50
170310001  41.67 -87.73  Illinois Cook 63 62 62 58 54
170310032  41.76 -87.55  Illinois Cook 60 59 59 60 60
170310064  41.79 -87.60  Illinois Cook 55 54 54 55 55
170310076  41.75 -87.71  Illinois Cook 63 62 62 58 54
170311003  41.98 -87.79  Illinois Cook 52 51 51 53 54
170311601  41.67 -87.99  Illinois Cook 63 63 63 59 54
170314002  41.86 -87.75  Illinois Cook 57 56 56 56 56
170314007  42.06 -87.86  Illinois Cook 49 49 49 50 51
170314201  42.14 -87.80  Illinois Cook 56 56 56 58 59
170317002  42.06 -87.67  Illinois Cook 54 54 54 57 59
170436001  41.81 -88.07  Illinois DuPage 59 58 58 54 50
170491001  39.07 -88.55  Illinois Effingham 57 57 57 54 51
170650002  38.08 -88.62  Illinois Hamilton 62 63 63 60 56
170831001  39.11 -90.32  Illinois Jersey 62 62 62 61 60
170859991 42.29 -90.00  Ilinois Jo Daviess 58 57 57 56 55
170890005  42.05 -88.27  Illinois Kane 61 60 60 56 52
170971007  42.47 -87.81  Illinois Lake 58 58 58 59 60
171110001  42.22 -88.24  Illinois McHenry 60 60 60 55 51
171132003  40.52 -89.00  Illinois McLean 58 56 56 53 51
171150013  39.87 -88.93  Illinois Macon 59 58 58 56 53
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Site ID lat long State County Base Case  Baseline 70 65 60
171170002 39.40 -89.81 [linois Macoupin 57 56 56 55 54
171190008 38.89 -90.15 Ilinois Madison 64 63 63 62 49
171191009  38.73 -89.96  Tllinois Madison 62 61 61 60 58
171193007  38.86 -90.11 Illinois Madison 63 62 62 61 49
171199991 38.87 -89.62  Tllinois Madison 60 59 59 58 57
171430024  40.69 -89.61 Ilinois Peoria 54 51 51 48 45
171431001 40.75 -89.59  Illinois Peoria 61 58 58 55 52
171570001 38.18 -89.79 [linois Randolph 58 57 57 55 53
171613002  41.51 -90.52  Illinois Rock Island 49 48 48 47 45
171630010  38.61 -90.16  Tllinois Saint Clair 62 61 61 60 59
171670014 39.83 -89.64 Ilinois Sangamon 58 57 57 56 55
171971011 41.22 -88.19  Illinois Will 55 54 54 50 46
172012001 42.33 -89.04  Illinois Winnebago 57 56 56 53 50
180030002  41.22 -85.02  Indiana Allen 56 56 56 53 49
180030004  41.09 -85.10  Indiana Allen 57 56 56 53 50
180110001 40.00 -86.40  Indiana Boone 60 60 60 56 51
180150002  40.54 -86.55 Indiana Carroll 58 57 57 54 50
180190008 38.39 -85.66  Indiana Clark 65 65 65 59 53
180350010  40.30 -85.25 Indiana Delaware 55 54 54 51 47
180390007  41.72 -85.83 Indiana Elkhart 56 55 55 51 48
180431004  38.31 -85.83 Indiana Floyd 63 63 63 58 52
180550001 38.99 -86.99 Indiana Greene 68 67 67 62 57
180570006  40.07 -85.99  Indiana Hamilton 57 57 57 53 49
180590003 39.94 -85.84  Indiana Hancock 53 53 53 49 45
180630004 39.76 -86.40 Indiana Hendricks 56 55 55 52 48
180690002  40.96 -85.38  Indiana Huntington 54 54 54 51 48
180710001 38.92 -86.08 Indiana Jackson 57 57 57 52 47
180810002  39.42 -86.15 Indiana Johnson 57 57 57 53 48
180839991 38.74 -87.49  Indiana Knox 65 65 65 60 55
180890022  41.61 -87.30  Indiana Lake 54 54 54 52 50
180890030  41.68 -87.49  Indiana Lake 58 58 58 56 54
180892008  41.64 -87.49  Indiana Lake 58 58 58 56 54
180910005  41.72 -86.91 Indiana LaPorte 66 66 66 62 59
180910010  41.63 -86.68 Indiana LaPorte 59 59 59 56 52
180950010  40.00 -85.66  Indiana Madison 54 54 54 50 46
180970050  39.86 -86.02  Indiana Marion 60 60 60 56 51
180970057 39.75 -86.19 Indiana Marion 59 58 58 54 50
180970073 39.79 -86.06  Indiana Marion 59 59 59 55 50
180970078 39.81 -86.11 Indiana Marion 59 59 59 55 50
181090005 39.58 -86.48  Indiana Morgan 56 56 56 52 47
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Site ID lat long State County Base Case  Baseline 70 65 60
181230009  38.11 -86.60  Indiana Perry 65 65 65 60 54
181270024  41.62 -87.20  Indiana Porter 56 56 56 54 52
181270026  41.51 -87.04  Indiana Porter 54 54 54 51 47
181290003 38.01 -87.72  Indiana Posey 62 62 62 58 53
181410010  41.55 -86.37 Indiana St. Joseph 52 51 51 48 45
181410015  41.70 -86.21 Indiana St. Joseph 58 57 57 53 49
181411007  41.74 -86.11 Indiana St. Joseph 53 53 53 49 45
181450001 39.61 -85.87  Indiana Shelby 60 60 60 56 51
181630013 38.11 -87.54 Indiana Vanderburgh 64 63 63 59 54
181630021 38.01 -87.58 Indiana Vanderburgh 63 63 63 59 54
181670018 39.49 -87.40  Indiana Vigo 55 55 55 51 47
181670024  39.56 -87.31 Indiana Vigo 55 55 55 51 47
181699991 40.82 -85.66  Indiana Wabash 61 60 60 57 53
181730008 38.05 -87.28  Indiana Warrick 63 63 63 59 54
181730009  38.19 -87.34  Indiana Warrick 63 62 62 58 53
181730011 37.95 -87.32  Indiana Warrick 64 64 64 59 54
210130002 36.61 -83.74  Kentucky Bell 52 52 52 49 46
210150003 38.92 -84.85 Kentucky Boone 56 56 56 51 46
210190017  38.46 -82.64  Kentucky Boyd 60 60 60 54 49
210290006  37.99 -85.71 Kentucky Bullitt 60 60 60 56 51
210373002  39.02 -84.47  Kentucky Campbell 64 64 64 58 52
210430500  38.24 -82.99  Kentucky Carter 57 56 56 52 47
210470006  36.91 -87.32  Kentucky Christian 62 61 61 58 55
210590005 37.78 -87.08  Kentucky Daviess 69 68 68 64 58
210610501 37.13 -86.15 Kentucky Edmonson 57 57 57 54 50
210670012 38.07 -84.50  Kentucky Fayette 58 58 58 54 50
210890007 38.55 -82.73 Kentucky Greenup 60 60 60 54 49
210910012 37.94 -86.90 Kentucky Hancock 65 65 65 60 54
210930006  37.71 -85.85  Kentucky Hardin 58 58 58 53 49
211010014 37.87 -87.46  Kentucky Henderson 68 68 68 63 58
211110027  38.14 -85.58  Kentucky Jefferson 65 65 65 60 54
211110051 38.06 -85.90  Kentucky Jefferson 68 68 68 62 57
211110067 38.23 -85.65 Kentucky Jefferson 70 70 70 64 58
211130001 37.89 -84.59 Kentucky Jessamine 57 59 59 55 51
211390003 37.16 -88.39 Kentucky Livingston 58 62 62 58 54
211451024  37.06 -88.57  Kentucky McCracken 58 63 63 60 57
211759991 37.92 -83.07 Kentucky Morgan 60 60 60 55 50
211850004  38.40 -85.44  Kentucky Oldham 66 66 66 61 55
211930003 37.28 -83.21 Kentucky Perry 62 62 62 57 52
211950002  37.48 -82.54  Kentucky Pike 63 63 63 57 52
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Site ID lat long State County Base Case  Baseline 70 65 60
211990003 37.10 -84.61 Kentucky Pulaski 53 53 53 49 45
212130004  36.71 -86.57  Kentucky Simpson 54 53 53 50 46
212218001 36.78 -87.85  Kentucky Trigg 57 57 57 53 49
212219991 36.78 -87.85  Kentucky Trigg 58 58 58 54 50
212270008 37.04 -86.25 Kentucky Warren 50 50 50 47 44
212299991 37.70 -85.05 Kentucky Washington 56 57 57 53 48
260050003  42.77 -86.15  Michigan Allegan 69 69 69 64 58
260190003 44.62 -86.11 Michigan Benzie 61 61 61 56 52
260210014  42.20 -86.31 Michigan Berrien 68 68 68 63 58
260270003  41.90 -86.00  Michigan Cass 63 62 62 58 54
260370001 42.80 -84.39  Michigan Clinton 57 56 56 52 49
260490021 43.05 -83.67 Michigan Genesee 61 60 60 57 53
260492001 43.17 -83.46  Michigan Genesee 60 59 59 55 52
260630007  43.84 -82.64  Michigan Huron 61 61 61 57 54
260650012  42.74 -84.53 Michigan Ingham 57 56 56 53 49
260770008 42.28 -85.54 Michigan Kalamazoo 60 59 59 56 52
260810020  42.98 -85.67  Michigan Kent 60 60 60 56 51
260810022  43.18 -85.42  Michigan Kent 59 58 58 54 50
260910007  42.00 -83.95  Michigan Lenawee 61 60 60 57 53
260990009  42.73 -82.79  Michigan Macomb 66 65 65 61 57
260991003  42.51 -83.01 Michigan Macomb 68 68 68 64 60
261010922  44.31 -86.24  Michigan Manistee 60 60 60 55 51
261050007  43.95 -86.29  Michigan Mason 61 60 60 56 52
261130001 4431 -84.89  Michigan Missaukee 58 57 57 54 51
261210039  43.28 -86.31 Michigan Muskegon 66 65 65 60 55
261250001 42.46 -83.18  Michigan Oakland 66 66 66 62 57
261390005  42.89 -85.85  Michigan Ottawa 63 62 62 58 53
261470005  42.95 -82.46  Michigan St. Clair 64 63 63 60 56
261530001 46.29 -85.95 Michigan Schoolcraft 60 60 60 56 52
261579991 43.61 -83.36  Michigan Tuscola 58 57 57 54 50
261610008  42.24 -83.60  Michigan Washtenaw 62 62 62 58 54
261619991 42.42 -83.90  Michigan Washtenaw 61 60 60 56 53
261630001 42.23 -83.21 Michigan Wayne 61 61 61 58 55
261630019  42.43 -83.00  Michigan Wayne 69 68 68 64 60
261659991 44.18 -85.74  Michigan Wexford 56 55 55 52 49
390030009  40.77 -84.05  Ohio Allen 61 61 61 57 53
390071001 41.96 -80.57  Ohio Ashtabula 62 62 62 57 52
390090004  39.31 -82.12  Ohio Athens 57 57 57 53 48
390170004  39.38 -84.54  Ohio Butler 66 65 65 60 55
390170018  39.53 -84.39  Ohio Butler 66 65 65 60 54
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Site ID lat long State County Base Case  Baseline 70 65 60
390179991 39.53 -84.73 Ohio Butler 64 63 63 59 54
390230001 40.00 -83.80  Ohio Clark 61 60 60 56 51
390230003 39.86 -84.00  Ohio Clark 60 60 60 55 50
390250022  39.08 -84.14  Ohio Clermont 62 62 62 57 51
390271002  39.43 -83.79  Ohio Clinton 62 61 61 56 51
390350034  41.56 -81.58  Ohio Cuyahoga 59 58 58 58 57
390350060  41.49 -81.68  Ohio Cuyahoga 52 51 51 51 51
390350064  41.36 -81.86  Ohio Cuyahoga 56 56 56 55 54
390355002  41.54 -81.46  Ohio Cuyahoga 58 58 58 57 57
390410002  40.36 -83.06  Ohio Delaware 59 59 59 55 51
390479991 39.64 -83.26  Ohio Fayette 57 57 57 52 48
390490029  40.08 -82.82  Ohio Franklin 66 66 66 61 56
390490037  39.97 -82.96  Ohio Franklin 61 61 61 56 52
390490081 40.09 -82.96  Ohio Franklin 58 58 58 54 49
390550004  41.52 -81.25 Ohio Geauga 60 60 60 56 52
390570006  39.67 -83.94  Ohio Greene 58 57 57 53 48
390610006  39.28 -84.37  Ohio Hamilton 68 68 68 62 56
390610010  39.21 -84.69  Ohio Hamilton 64 64 64 58 53
390610040  39.13 -84.50  Ohio Hamilton 66 66 66 60 54
390810017  40.37 -80.62  Ohio Jefferson 61 60 60 57 53
390830002  40.31 -82.69  Ohio Knox 59 59 59 55 51
390850003  41.67 -81.42  Ohio Lake 59 59 59 59 58
390850007  41.73 -81.24  Ohio Lake 53 53 53 52 52
390870011 38.63 -82.46  Ohio Lawrence 55 55 55 50 45
390870012  38.51 -82.66  Ohio Lawrence 60 60 60 54 49
390890005  40.03 -82.43 Ohio Licking 59 58 58 54 49
390930018  41.42 -82.10  Ohio Lorain 54 53 53 53 53
390950024  41.64 -83.55 Ohio Lucas 56 55 55 54 53
390950027  41.49 -83.72  Ohio Lucas 58 58 58 54 51
390950034  41.68 -83.31 Ohio Lucas 61 61 61 59 56
390970007  39.79 -83.48  Ohio Madison 59 58 58 54 49
390990013 41.10 -80.66  Ohio Mahoning 57 57 57 53 50
391030004  41.06 -81.92  Ohio Medina 57 57 57 53 49
391090005  40.08 -84.11 Ohio Miami 59 59 59 54 50
391130037  39.79 -84.13 Ohio Montgomery 62 62 62 57 52
391219991 39.94 -81.34  Ohio Noble 52 51 51 48 44
391331001 41.18 -81.33 Ohio Portage 56 56 56 52 48
391351001 39.84 -84.72  Ohio Preble 59 58 58 55 51
391510016  40.83 -81.38  Ohio Stark 61 61 61 57 52
391510022  40.71 -81.60  Ohio Stark 58 58 58 53 49
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Site ID lat long State County Base Case  Baseline 70 65 60
391514005 40.93 -81.12 Ohio Stark 59 58 58 54 50
391530020 41.11 -81.50 Ohio Summit 59 59 59 55 50
391550009  41.45 -80.59 Ohio Trumbull 57 56 56 53 49
391550011 41.24 -80.66 Ohio Trumbull 61 61 61 57 53
391650007 39.43 -84.20 Ohio Warren 62 62 62 57 51
391670004 39.43 -81.46 Ohio Washington 60 59 59 55 50
391730003 41.38 -83.61 Ohio Wood 60 60 60 56 52
470010101 3597 -84.22 Tennessee Anderson 56 56 56 52 47
470090101 35.63 -83.94 Tennessee Blount 61 61 61 56 51
470090102 35.60 -83.78 Tennessee Blount 53 53 53 49 44
470259991 36.47 -83.83 Tennessee Claiborne 49 48 48 45 42
470370011 36.21 -86.74 Tennessee Davidson 51 51 51 47 43
470370026 36.15 -86.62 Tennessee Davidson 54 54 54 50 46
470419991 36.04 -85.73 Tennessee DeKalb 55 55 55 51 48
470651011 35.23 -85.18 Tennessee Hamilton 57 56 56 53 49
470654003 35.10 -85.16 Tennessee Hamilton 57 56 56 53 49
470890002 36.11 -83.60 Tennessee Jefferson 59 59 59 54 50
470930021 36.09 -83.76 Tennessee Knox 54 54 54 50 45
470931020 36.02 -83.87 Tennessee Knox 56 56 56 52 47
471050109 35.72 -84.34 Tennessee Loudon 59 58 58 54 49
471210104 35.29 -84.95 Tennessee Meigs 56 56 56 53 50
471490101 35.73 -86.60 Tennessee Rutherford 52 52 52 48 44
471550101 35.70 -83.61 Tennessee Sevier 59 58 58 55 51
471550102 35.56 -83.50 Tennessee Sevier 58 58 58 56 53
471570021 35.22 -90.02 Tennessee Shelby 63 62 62 57 53
471570075 35.15 -89.85 Tennessee Shelby 63 63 63 58 54
471571004 35.38 -89.83 Tennessee Shelby 61 59 59 56 52
471632002 36.54 -82.42 Tennessee Sullivan 62 62 62 57 52
471632003 36.58 -82.49 Tennessee Sullivan 61 61 61 56 52
471650007 36.30 -86.65 Tennessee Sumner 59 58 58 54 50
471650101 36.45 -86.56 Tennessee Sumner 55 54 54 51 47
471870106 35.95 -87.14 Tennessee Williamson 54 54 54 49 45
471890103 36.06 -86.29 Tennessee Wilson 55 55 55 51 47
540030003 39.45 -77.96  West Virginia Berkeley 56 55 55 53 50
540110006 38.42 -82.43 West Virginia Cabell 60 59 59 54 49
540219991 38.88 -80.85 West Virginia  Gilmer 53 53 53 48 43
540250003 37.91 -80.63 West Virginia Greenbrier 55 55 55 51 47
540291004 40.42 -80.58 West Virginia Hancock 63 63 63 59 56
540390010 38.35 -81.63 West Virginia Kanawha 63 63 63 57 51
540610003 39.65 -79.92 West Virginia Monongalia 63 62 62 57 52
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Site ID lat long State County Base Case  Baseline 70 65 60
540690010  40.11 -80.70  West Virginia Ohio 61 60 60 56 52
540939991 39.09 -79.66 West Virginia Tucker 56 56 56 52 48
541071002 39.32 -81.55 West Virginia Wood 57 56 56 52 47
550090026 44 .53 -87.91 Wisconsin Brown 59 58 58 55 51
550210015 43.32 -89.11 Wisconsin Columbia 56 55 55 52 50
550250041 43.10 -89.36 Wisconsin Dane 55 54 54 52 49
550270001 43.47 -88.62 Wisconsin Dodge 62 61 61 58 54
550290004 45.24 -86.99 Wisconsin Door 63 63 63 59 54
550350014 44.76 91.14 Wisconsin Eau Claire 52 51 51 50 49
550390006 43.69 -88.42 Wisconsin Fond du Lac 61 60 60 57 53
550410007 45.56 -88.81 Wisconsin Forest 54 53 53 51 48
550550002 43.00 -88.82 Wisconsin Jefferson 58 57 57 55 52
550590019 42.50 -87.81 Wisconsin Kenosha 60 59 59 60 60
550610002 44 .44 -87.51 Wisconsin Kewaunee 63 63 63 59 54
550630012 43.78 -91.23 Wisconsin La Crosse 54 53 53 52 51
550710007 44.14 -87.62 Wisconsin Manitowoc 66 65 65 60 55
550730012 4471 -89.77 Wisconsin Marathon 54 53 53 51 49
550790010  43.02 -87.93 Wisconsin Milwaukee 56 55 55 53 51
550790026  43.06 -87.91 Wisconsin Milwaukee 60 60 60 57 54
550790085 43.18 -87.90 Wisconsin Milwaukee 65 64 64 61 57
550870009 44 .31 -88.40 Wisconsin Outagamie 59 58 58 56 53
550890008 43.34 -87.92 Wisconsin Ozaukee 66 66 66 62 58
550890009 43.50 -87.81 Wisconsin Ozaukee 62 62 62 58 53
551010017 42.71 -87.80 Wisconsin Racine 57 57 57 57 56
551050024 42.51 -89.06 Wisconsin Rock 59 58 58 55 52
551110007  43.44 -89.68 Wisconsin Sauk 54 53 53 51 49
551170006  43.68 -87.72  Wisconsin Sheboygan 71 70 70 65 60
551199991 45.21 -90.60 Wisconsin Taylor 54 53 53 52 50
551270005 42.58 -88.50 Wisconsin Walworth 59 58 58 55 52
551330027 43.02 -88.22 Wisconsin Waukesha 57 57 57 53 50
*The design value from the monitor(s) with the highest projected ozone in each scenario is
shown in bold blue text
Table 3A-11. Design Values for Northeast Monitors
Site ID lat long State County lézzz Baseline 70 65 60
90010017 41.00 -73.59 Connecticut Fairfield 70 70 66 61 56
90011123 4140  -73.44 Connecticut Fairfield 67 67 63 58 54
90013007 41.15  -73.10 Connecticut Fairfield 73 73 68 63 58
90019003 41.12  -73.34 Connecticut Fairfield 74 74 69 65 59
90031003 41.78  -72.63 Connecticut Hartford 63 63 59 54 50
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Site ID lat long State County Case Baseline 70 65 60
90050005 41.82  -73.30 Connecticut Litchfield 58 58 54 50 46
90070007 41.55  -72.63 Connecticut Middlesex 65 65 61 56 52
90090027 41.30  -72.90 Connecticut New Haven 64 64 60 56 51
90099002 41.26  -72.55 Connecticut New Haven 72 72 67 63 57
90110124 41.35  -72.08 Connecticut New London 67 67 63 59 54
90131001 4198  -72.39 Connecticut Tolland 63 63 59 55 50
90159991 41.84 -72.01 Connecticut Windham 58 58 55 51 47

100010002 38.98  -75.56 Delaware Kent 59 59 55 51 48

100031007 39.55  -75.73 Delaware New Castle 59 59 55 51 48

100031010 39.82  -75.56 Delaware New Castle 61 61 56 52 48

100031013 39.77  -75.50 Delaware New Castle 62 62 57 53 49

100032004 39.74  -75.56 Delaware New Castle 60 60 55 51 48

100051002 38.64  -75.61 Delaware Sussex 61 61 58 54 51

100051003 38.78  -75.16 Delaware Sussex 64 64 60 57 53

110010041 3890 -76.95 D.C D.C. 59 59 55 50 46

110010043 38.92 -77.01 D.C. D.C. 62 62 58 53 49

230010014 43.97  -70.12 Maine Androscoggin 51 51 48 44 40

230052003 43.56 -70.21 Maine Cumberland 58 58 55 50 46

230090102 44.35 -68.23 Maine Hancock 59 59 56 53 50

230090103 44.38  -68.26 Maine Hancock 56 56 53 49 46

230112005 44.23  -69.79 Maine Kennebec 52 52 49 45 42

230130004 43.92  -69.26 Maine Knox 56 56 53 49 46

230173001 44.25 -70.86 Maine Oxford 46 46 45 43 42

230194008 44.74  -68.67 Maine Penobscot 48 48 45 42 39

230230006 44.01 -69.83 Maine Sagadahoc 50 50 47 44 40

230290019 44.53  -67.60 Maine Washington 50 50 48 45 43

230290032 4496  -67.06 Maine Washington 47 47 45 43 41

230310038 43.66 -70.63 Maine York 50 50 47 44 41

230310040 43.59  -70.88 Maine York 53 53 50 47 44

230312002 43.34  -70.47 Maine York 60 60 57 52 48

240030014 3890 -76.65 Maryland Anne Arundel 64 64 60 55 51

240051007 39.46  -76.63 Maryland Baltimore 65 65 60 55 51

240053001 39.31 -76.47 Maryland Baltimore 66 66 61 56 51

240090011 38.54  -76.62 Maryland Calvert 63 63 59 54 50

240130001 39.44  -77.04 Maryland Carroll 60 60 57 54 51

240150003 39.70 -75.86 Maryland Cecil 65 65 61 57 53

240170010 38.50 -76.81 Maryland Charles 62 62 58 54 51

240199991 38.45  -76.11 Maryland Dorchester 60 60 56 51 47

240210037 3942  -77.38 Maryland Frederick 63 63 59 57 54
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Base

Site ID lat long State County Case Baseline 70 65 60
240230002 39.71 -79.01 Maryland Garrett 60 60 59 58 58
240251001 39.41 -76.30 Maryland Harford 73 73 68 62 57
240259001 39.56  -76.20 Maryland Harford 63 63 58 53 49
240290002 39.31 -75.80 Maryland Kent 62 62 57 53 49
240313001 39.11  -77.11 Maryland Montgomery 61 61 56 52 48
Prince
240330030 39.06  -76.88 Maryland George's 61 61 57 52 48
Prince
240338003 38.81 -76.74 Maryland George's 64 64 59 55 50
Prince
240339991 39.03  -76.82 Maryland George's 62 62 58 53 49
240430009 39.57  -77.72 Maryland Washington 59 59 57 55 54
Baltimore
245100054 39.33  -76.55 Maryland (City) 62 62 57 52 48
250010002 41.98  -70.02 Massachusetts Barnstable 60 60 57 53 48
250034002 42.64  -73.17 Massachusetts Berkshire 58 58 55 52 49
250051002 41.63  -70.88 Massachusetts Bristol 60 60 57 53 49
250070001 41.33  -70.79 Massachusetts Dukes 65 65 61 57 53
250092006 4247  -70.97 Massachusetts Essex 58 58 56 53 50
250094005 42.81 -70.82 Massachusetts Essex 57 57 54 51 47
250095005 42.77 -71.10 Massachusetts Essex 57 57 54 50 46
250130008 42.19  -72.56 Massachusetts Hampden 60 60 57 52 48
250150103 42.40  -72.52 Massachusetts Hampshire 53 53 50 46 43
250154002 4230  -72.33 Massachusetts Hampshire 58 58 54 50 47
250170009 42.63  -71.36 Massachusetts Middlesex 55 55 52 49 45
250171102 42.41 -71.48 Massachusetts Middlesex 55 55 52 48 45
250213003 42.21 -71.11 Massachusetts Norfolk 59 59 56 53 50
250250041 4232  -70.97 Massachusetts Suffolk 57 57 55 52 48
250250042 4233  -71.08 Massachusetts Suffolk 50 50 48 46 43
250270015 42.27  -71.88 Massachusetts Worcester 56 56 53 50 46
250270024 42.10 -71.62 Massachusetts Worcester 56 56 53 49 46
330012004 43.57  -71.50 New Hampshire Belknap 52 52 50 47 45
330050007 42.93  -72.27 New Hampshire Cheshire 51 51 48 46 43
330074001 44.27  -71.30 New Hampshire Coos 58 58 57 56 55
330074002 44.31 -71.22 New Hampshire Coos 51 51 50 49 48
330090010 43.63  -72.31 New Hampshire Grafton 50 50 48 46 44
330111011 42.72  -71.52 New Hampshire Hillsborough 54 54 51 48 45
330115001 42.86  -71.88 New Hampshire Hillsborough 58 58 55 51 49
330131007 43.22  -71.51 New Hampshire Merrimack 53 53 50 47 45
330150014 43.08  -70.75 New Hampshire Rockingham 55 55 52 48 44
330150016 43.05 -70.71 New Hampshire Rockingham 55 55 52 48 45
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Site ID lat long State County Baseline 70 65 60

330150018 42.86  -71.38 New Hampshire Rockingham 56 56 53 49 46
340010006 39.46  -74.45 New Jersey Atlantic 61 61 57 54 50
340030006 40.87  -73.99 New Jersey Bergen 64 64 59 56 52
340071001 39.68  -74.86 New Jersey Camden 67 67 62 58 53
340110007 39.42  -75.03 New Jersey Cumberland 58 58 54 50 46
340130003 40.72  -74.19 New Jersey Essex 64 64 60 55 52
340150002 39.80 -75.21 New Jersey Gloucester 68 68 63 58 54
340170006 40.67  -74.13 New Jersey Hudson 64 64 59 55 51
340190001 40.52  -74.81 New Jersey Hunterdon 63 63 58 55 51
340210005 40.28  -74.74 New Jersey Mercer 65 65 60 56 52
340219991 40.31  -74.87 New Jersey Mercer 62 62 58 54 50
340230011 40.46  -74.43 New Jersey Middlesex 66 66 61 56 52
340250005 40.28  -74.01 New Jersey Monmouth 66 66 61 56 51
340273001 40.79  -74.68 New Jersey Morris 60 60 56 53 50
340290006 40.06  -74.44 New Jersey Ocean 67 67 62 57 53
340315001 41.06  -74.26 New Jersey Passaic 61 61 56 53 49
340410007 40.92  -75.07 New Jersey Warren 52 52 48 45 43
360010012 42.68  -73.76 New York Albany 57 57 52 49 46
360050133 40.87  -73.88 New York Bronx 64 64 60 56 52
360130006 42.50  -79.32 New York Chautauqua 62 62 61 59 58
360130011 4229  -79.59 New York Chautauqua 62 62 60 59 57
360150003 42.11 -76.80 New York Chemung 57 57 55 53 52
360270007 41.79  -73.74 New York Dutchess 58 58 54 50 46
360290002 4299  -78.77 New York Erie 61 61 60 60 60
360310002 44.37  -73.90 New York Essex 57 57 56 55 54
360310003 4439  -73.86 New York Essex 57 57 55 55 54
360410005 43.45  -74.52 New York Hamilton 57 57 55 54 52
360430005 43.69  -74.99 New York Herkimer 55 55 54 53 52
360450002 44.09  -75.97 New York Jefferson 62 62 60 59 58
360530006 42.73  -75.78 New York Madison 55 55 53 51 49
360551007 43.15 -77.55 New York Monroe 59 59 58 57 56
360610135 40.82  -73.95 New York New York 64 64 61 58 55
360631006 43.22  -78.48 New York Niagara 64 64 63 62 58
360650004 4330  -75.72 New York Oneida 53 53 52 50 49
360671015 43.05  -76.06 New York Onondaga 60 60 58 56 54
360715001 41.52  -74.22 New York Orange 56 56 52 48 44
360750003 43.28  -76.46 New York Oswego 58 58 56 55 53
360790005 4146  -73.71 New York Putnam 58 58 54 50 46
360810124 40.74  -73.82 New York Queens 71 71 67 65 60
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Site ID lat long State County Baseline 70 65 60

360830004 42.78 -73.46  New York Rensselaer 57 57 53 50 47
360850067 40.60  -74.13 New York Richmond 71 71 67 63 58
360870005 41.18  -74.03 New York Rockland 62 62 58 53 49
360910004 43.01  -73.65 New York Saratoga 56 56 52 49 47
360930003 42.80 -73.94 New York Schenectady 54 54 51 48 45
361010003 42.09 -77.21 New York Steuben 57 57 55 54 53
361030002 40.75  -73.42 New York Suffolk 75 75 70 65 60
361030004 4096  -72.71 New York Suffolk 67 67 63 58 52
361030009 40.83  -73.06 New York Suffolk 72 72 67 62 57
361099991 42.40  -76.65 New York Tompkins 58 58 56 55 54
361111005 42.14  -7449 New York Ulster 59 59 56 53 50
361173001 43.23  -77.17 New York Wayne 56 56 55 53 52
361192004 41.05 -73.76 New York Westchester 63 63 58 54 50
420010002 39.93  -77.25 Pennsylvania Adams 57 57 53 51 49
420019991 39.92  -77.31 Pennsylvania Adams 59 59 55 52 50
420030008 40.47  -79.96 Pennsylvania Allegheny 67 67 65 62 60
420030010 40.45  -80.02 Pennsylvania Allegheny 65 65 63 60 58
420030067 40.38  -80.17 Pennsylvania Allegheny 65 65 63 62 60
420031005 40.61 -79.73 Pennsylvania Allegheny 71 71 68 65 58
420050001 40.81 -79.56 Pennsylvania Armstrong 64 64 61 59 57
420070002 40.56  -80.50 Pennsylvania Beaver 63 63 62 62 56
420070005 40.68  -80.36 Pennsylvania Beaver 67 67 65 63 57
420070014 40.75  -80.32 Pennsylvania Beaver 64 64 63 61 60
420110006 40.51 -75.79 Pennsylvania Berks 59 59 54 51 48
420110011 40.38  -75.97 Pennsylvania Berks 62 62 57 54 51
420130801 40.54  -78.37 Pennsylvania Blair 66 66 61 58 55
420170012 40.11  -74.88 Pennsylvania Bucks 66 66 61 57 53
420210011 40.31  -78.92 Pennsylvania Cambria 62 62 58 55 52
420270100 40.81  -77.88 Pennsylvania Centre 64 64 60 57 55
420279991 40.72  -77.93 Pennsylvania Centre 65 65 61 58 55
420290100 39.83  -75.77 Pennsylvania Chester 61 61 55 51 47
420334000 41.12  -78.53 Pennsylvania Clearfield 65 65 61 58 56
420430401 40.25  -76.85 Pennsylvania Dauphin 59 59 54 51 48
420431100 40.27  -76.68 Pennsylvania Dauphin 63 63 57 53 50
420450002 39.84  -75.37 Pennsylvania Delaware 61 61 57 52 49
420479991 41.60  -78.77 Pennsylvania Elk 56 56 54 52 51
420490003 42.14  -80.04 Pennsylvania Erie 60 60 60 59 59
420550001 39.96 -77.48 Pennsylvania Franklin 56 56 53 51 49
420590002 39.81 -80.27 Pennsylvania Greene 59 59 58 57 57
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Site ID lat long State County Case Baseline 70 65 60

420630004 40.56  -78.92 Pennsylvania Indiana 67 67 63 60 57
420690101 41.48  -75.58 Pennsylvania Lackawanna 60 60 56 53 50
420692006 41.44  -75.62 Pennsylvania Lackawanna 58 58 54 51 49
420710007 40.05 -76.28 Pennsylvania Lancaster 66 66 57 53 50
420710012 40.04  -76.11 Pennsylvania Lancaster 64 64 57 53 50
420730015 41.00  -80.35 Pennsylvania Lawrence 61 61 59 57 55
420750100 40.34  -76.38 Pennsylvania Lebanon 63 63 58 54 51
420770004 40.61  -75.43 Pennsylvania Lehigh 62 62 57 53 50
420791100 41.21  -76.00 Pennsylvania Luzerne 55 55 51 47 44
420791101 41.27  -75.85 Pennsylvania Luzerne 54 54 51 47 44
420810100 41.25 -76.92 Pennsylvania Lycoming 57 57 53 51 48
420850100 41.22  -80.48 Pennsylvania Mercer 62 62 61 60 59
420859991 41.43 -80.15 Pennsylvania Mercer 55 55 54 53 52
420890002 41.08 -75.32 Pennsylvania Monroe 54 54 50 47 45
420910013 40.11 -75.31 Pennsylvania Montgomery 63 63 58 55 51
420950025 40.63 -75.34 Pennsylvania Northampton 61 61 56 53 49
420958000 40.69  -75.24 Pennsylvania Northampton 57 57 52 49 46
420990301 40.46  -77.17 Pennsylvania Perry 59 59 55 53 51
421010004 40.01  -75.10 Pennsylvania Philadelphia 55 55 51 48 44
421010024 40.08  -75.01 Pennsylvania Philadelphia 69 69 65 60 56
421011002 40.04  -75.00 Pennsylvania Philadelphia 67 67 62 58 54
421119991 39.99  -79.25 Pennsylvania Somerset 55 55 53 51 50
421174000 41.64  -76.94 Pennsylvania Tioga 60 60 57 54 52
421250005 40.15  -79.90 Pennsylvania Washington 61 61 59 57 56
421250200 40.17  -80.26 Pennsylvania Washington 60 60 59 57 56
421255001 40.45  -80.42 Pennsylvania Washington 61 61 60 59 58
421290006 40.43  -79.69 Pennsylvania Westmoreland 63 63 60 57 55
421290008 40.30  -79.51 Pennsylvania Westmoreland 61 61 58 55 53
421330008 39.97  -76.70 Pennsylvania York 61 61 53 50 46
421330011 39.86  -76.46 Pennsylvania York 62 62 55 51 47
440030002 41.62  -71.72 Rhode Island Kent 61 61 57 52 48
440071010 41.84  -71.36 Rhode Island Providence 61 61 58 54 50
440090007 41.50  -71.42 Rhode Island Washington 64 64 60 56 51
500030004 42.89  -73.25 Vermont Bennington 54 54 51 48 46
500070007 44.53  -72.87 Vermont Chittenden 52 52 51 50 49
510030001 38.08 -78.50 Virginia Albemarle 54 54 52 50 49
510130020 38.86 -77.06 Virginia Arlington 65 65 60 55 51
510330001 38.20 -77.38 Virginia Caroline 57 57 53 49 45
510360002 37.34  -77.26 Virginia Charles 61 61 56 51 46
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Site ID lat long State County Case Baseline 70 65 60

510410004 37.36  -77.59 Virginia Chesterfield 58 58 52 48 44
510590030 38.77  -77.10 Virginia Fairfax 65 65 60 55 51
510610002 38.47 -77.77 Virginia Fauquier 50 50 48 45 43
510690010 39.28  -78.08 Virginia Frederick 54 54 52 51 50
510719991 3733  -80.56 Virginia Giles 51 51 50 49 49
510850003 37.61  -77.22 Virginia Hanover 58 58 53 49 45
510870014 37.56  -77.40 Virginia Henrico 61 61 55 50 46
511071005 39.02  -77.49 Virginia Loudoun 60 60 56 53 49
511130003 38.52  -78.44 Virginia Madison 59 59 57 56 56
511390004 38.66  -78.50 Virginia Page 55 55 54 53 52
511479991 37.17  -78.31 Virginia Prince Edward 52 52 48 46 44

Prince
511530009 38.85  -77.63 Virginia William 58 58 55 52 49
511611004 37.28  -79.88 Virginia Roanoke 53 53 52 49 47
511630003 37.63  -79.51 Virginia Rockbridge 51 51 50 48 47
511650003 38.48  -78.82 Virginia Rockingham 55 55 53 53 52
511790001 38.48  -77.37 Virginia Stafford 57 57 53 48 44
511970002 36.89  -81.25 Virginia Wythe 57 57 56 55 55
Alexandria

515100009 38.81  -77.04 Virginia City 63 63 59 54 49
516500008 37.10  -76.39 Virginia Hampton City 58 58 55 51 47
518000004 36.90 -76.44 Virginia Suffolk City 59 59 57 53 49
518000005 36.67  -76.73 Virginia Suffolk City 56 56 54 52 50

*The design value from the monitor(s) with the highest projected ozone in each scenario is

shown in bold blue text

3A.7 Monitors Excluded from the Quantitative Analysis

There were 1219 ozone monitors with complete ozone data for at least one DV period

covering the years 2009-2013. Of those sites, we quantitatively analyzed 1150 in this analysis.

As discussed in chapter 3, 69 sites were excluded from the quantitative analysis of emissions

reductions needed to reach alternative standard levels. These sites fall into one of three

categories, as discussed in more detail in the following three subsections.

3A4.7.1 Sites without Projections Due to Insufficient Days

Some monitors were excluded from the analysis because no future design value could be

projected at the site. This occurred when there were not enough modeled high ozone days (4 or
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fewer) at the site to compute a design value according to EPA SIP modeling guidance. A list of

the 36 sites falling into this category is given in Table 3A-12.

Table 3A-12. Monitors Without Projections due to Insufficient High Modeling Days to
Meet EPA Guidance for Projecting Design Values

Site ID lat long State County
60231004 40.78 -124.18 California Humboldt
60450008 39.15 -123.20 California Mendocino
60750005 37.77 -122.40 California San Francisco
60932001 41.73 -122.63 California Siskiyou
160230101 43.46 -113.56 Idaho Butte
230031100 46.70 -68.03 Maine Aroostook
260330901 46.49 -84.36 Michigan Chippewa
270052013 46.85 -95.85 Minnesota Becker
270177416 46.71 -92.52 Minnesota Carlton
270750005 47.95 -91.50 Minnesota Lake
270834210 44.44 -95.82 Minnesota Lyon
271370034 48.41 -92.83 Minnesota Saint Louis
300298001 48.51 -114.00 Montana Flathead
300490004 46.85 -111.99 Montana Lewis and Clark
311079991 42.83 -97.85 Nebraska Knox
380070002 46.89 -103.38 North Dakota Billings
380130004 48.64 -102.40 North Dakota Burke
380150003 46.83 -100.77 North Dakota Burleigh
380171004 46.93 -96.86 North Dakota Cass
380250003 4731 -102.53 North Dakota Dunn
380530002 47.58 -103.30 North Dakota McKenzie
380570004 47.30 -101.77 North Dakota Mercer
380650002 47.19 -101.43 North Dakota Oliver
410170122 44.02 -121.26 Oregon Deschutes
410290201 42.23 -122.79 Oregon Jackson
410591003 45.83 -119.26 Oregon Umatilla
460110003 4435 -96.81 South Dakota Brookings
530090013 48.30 -124.62 Washington Clallam
530330080 47.57 -122.31 Washington King
530530012 46.78 -121.74 Washington Pierce
530570020 48.40 -122.50 Washington Skagit
530730005 48.95 -122.55 Washington Whatcom
550030010 46.60 -90.66 Wisconsin Ashland
551250001 46.05 -89.65 Wisconsin Vilas
560390008 43.67 -110.60 Wyoming Teton
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Site ID lat long State County
560391011 44.56 -110.40 Wyoming Teton

34.7.2 Winter Ozone

As discussed in Chapter 2 of the RIA, high winter ozone concentrations that have been
observed in mountain valleys in the Western U.S. are believed to result from the combination of
strong wintertime inversions, large NOx and VOC emissions from nearby oil and gas operations,
increased UV intensity due to reflection off of snow surfaces and potentially still uncharacterized
sources of free radicals. Current modeling tools are not sufficient to properly characterize ozone
formation for these winter ozone episodes due to 1) the challenging task of capturing complex
local “cold pool” meteorology using a model resolution that is optimized to capture regional and
synoptic scale process, 2) uncertainties in quantifying the local emissions from oil and gas
operations and 3) uncertainties in the chemistry that occurs both in the atmosphere and on snow
surfaces during these episodes. Therefore, it was not appropriate to project ozone design values
at monitors impacted by winter events. To identify sites impacted by winter events, we examined
the ambient data that went into creating the 2009-2013 5-year weighted design value in locations
known to have conditions favorable for winter ozone formation (i.e. all sites in Wyoming, Utah,
and Colorado). At these sites, we evaluated the four highest 8-hr daily maximum ozone values in
each year from 2009-2013 to identify wintertime ozone episodes. A site was categorized as
having a design value impacted by wintertime ozone if at least 20% of the days examined (4 out
20) had ozone values greater than or equal to 75 ppb and occurred during a “winter” month
(November-March). The seven sites identified as being affected by wintertime ozone events are

listed in Table 3A-13.

Table 3A-13. Monitors Determined to Have Design Values Affected by Winter Ozone

Events
# of .
summer # of winter ilvlignlz:ts- 2009-
Site ID lat long State County DV DV days* hr dail 2013
days* >=175 . Y pv
>="75
081030006 40.09 -108.76  Colorado  ~1© 0 7 106 71
Blanco
560130099 42.53 -108.72 Wyoming Fremont 1 4 93 67
560350097 4298 -110.35 Wyoming Sublette 0 3 83 64
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560350099 42.72  -109.75 Wyoming Sublette 0 4 123 77
560350100 42.79 -110.06 Wyoming Sublette 0 4 84 67
560350101 42.87 -109.87 Wyoming Sublette 0 4 &9 66

560351002 42.37  -109.56 Wyoming Sublette 0 4 94 68

*DV days defined here are the days with the 4 highest 8-hr daily maximum ozone values in each year from 2009-
2013 (20 days).

34.7.3 Monitoring Sites in Rural/Remote Areas of the West and Southwest

As mentioned in chapter 3 of the RIA, model-predicted ozone concentrations at 26 sites in
rural/remote areas in the West and Southwest were excluded from the quantitative analysis (see
list of sites in Table 3A-14). All of these 26 monitoring sites have 2025 baseline concentrations
below 70 ppb, which is the upper end of the NAAQS range being proposed by the EPA.
Therefore, no emissions reductions would be required for these sites for a primary standard of 70
ppb. Furthermore, only 15 of these sites would exceed a standard of 65 ppb. The remaining 11
would only exceed a standard of 60 ppb, which is not within the EPA’s proposed range.

These 26 sites have two common characteristics. First, they have small modeled response
to large regional NOx and VOC reductions in 2025 compared to other sites in the region.
Second, these monitors would have DVs that remain above the standard after applying
reductions needed to bring large urban areas in the region into attainment. Figure 3A-16 shows
the response of design values at all sites in the Southwest region to a 75% NOx reduction in this
region. Although design values at many urban sites drop by more than 10 ppb beyond the 2025
base case values, the response at the more remote and rural sites to modeled NOx reductions is
relatively small. Many of these sites do show response between 2009-2013 DVs and base case
2025 DVs (up to 15 ppb decreases) suggesting that national on-the-books controls and proposed
EPA rules could lower ozone DVs in these areas. However, modeling of additional NOx
reductions within the region provide little incremental benefit suggesting that most of the
regional anthropogenic sources impacting ozone at these locations have already been accounted

for in the 2025 base case scenario.
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Figure 3A-16.Projected change in 2025 ozone design values with an additional 75%
regional NOx control (Southwest region; stars represent sites identified in Table
3A-14)

A variety of influences including transport from California and other regional transport,
cross-border pollution from Mexico, and exceptional events (e.g., wildfires and stratospheric
intrusions) could contribute to ozone concentrations at the 26 sites. Each of these contributors is

described further below, along with the Clean Air Act provisions that offer varying degrees of
regulatory relief.

We have qualitatively characterized the predominant ozone influence for each site in Table
3A-14. These qualitative characterizations are based on the modeled response to large regional
NOx reductions in 2025, proximity to the Mexican border (i.e., potential influence from trans-
border pollution) and altitude (e.g., potential influence of ozone transported from the free
troposphere: stratospheric intrusions or long range transport of international anthropogenic
ozone). Figure 3A-17 shows the location of all sites listed in Table 3A-14 and for demonstrative
purposes assigns each site to a category based on the predominant source of ozone in that

location. As the table and figure indicate, all 26 sites have 2025 baseline design values below 70
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ppb, 15 sites have design values between 65-70 ppb, and 11 sites have design values between 60-

65 ppb. Of the 26 sites, 12 sites are characterized as border sites, 8 sites are characterized as

being strongly influenced by California emissions, and 6 sites are influenced by other ozone

SOurces.

Table 3A-14. Monitors with Limited Response to Regional NOx and National VOC

Emissions Reductions in the 2025 Baseline

2009-

Alti Moni P i Baseli
Name site ID State County titude onitor redominant 2013 aseline
(m) Type 03 Sources DV DV
Chiricahua NM 40038001 Arizona Cochise 1570 CASTNET Mexican border 72 67
Grand Canyon NP 40058001  Arizona Coconino 2152 CASTNET California + 71 66
Other sources
Alamo Lake 40128000 Arizona La Paz 376 SLAMS California 71 65
Yuma Supersite 40278011  Arizona Yuma 51 SLAMS Mexican border 67
+ California
El Centro-9™" st 60251003  California  Imperial ; SLAMS California + 81 66
Mexican Border
Non-EPA California +
Death Valley NM 60270101 California Inyo 125 Federal 71 66
Other sources
(NPS)
Yosemite NP 60430003  California  Mariposa 5265 CASTNET California + 77 68
Other sources
. . Non-EPA . .
sequoiaandKings ¢, 070006 california  Tulare 1890 Federal California + 81 67
Canyon NP Other sources
(NPS)
Gothic 80519991 Colorado Gunnison 2926 CASTNET Other sources 66 64
Weminuche Non-EPA Southwest
Wilderness Area 80671004 Colorado La Plata 2367 Federal region + 72 68
(USFS) Other sources
Great Basin NP 320330101 Nevada White Pine 2060 CASTNET California + 72 66
Other sources
Sunland Park City 350130017 New. Dona Ana ) SLAMS Cent‘ral region + 66 63
Yard Mexico Mexican border
. Central region +
3 Miles N of I 350130020 oW Dona Ana 1250 SLAMS Mexican border 67 62
Paso Mexico

+ Other sources
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2009-

Name site ID State County Altitude Monitor Predominant 2013 Baseline
(m) Type 03 Sources DV DV
2MI from MT 350130021 MW Dona Ana 1219 SLAMS Central region + 67
Cristo Rey Mexico Mexican border
US-Mexico Border 5551350, New Dona Ana 1280 SLAMS Central region + 66
Crossing Mexico Mexican border
Central region +
BLM land near 350151005  NeW Eddy 780 SLAMS Southwest 70 66
Carlsbad Mexico region +
Mexican border
Big Bend NP 480430101  Texas Brewster 1052 CASTNET Mexican border 70 69
El Paso UTEP 481410037  Texas El Paso 1158 SLAMS Central region + 67
Mexican border
Skyline Park 481410044  Texas El Paso 1158 SLAMS Central region + 65
Mexican border
El Paso Chamizal 481410058  Texas El Paso 1201 SLAMS Central region + 65
Mexican border
BLM Central region +
483819991  Texas Randall 780 SLAMS Mexican border 73 66
Land/Carlsbad
+ Other sources
Canyonlands NP 490370101  Utah San Juan 1814 CASTNET Other sources 68 64
g‘:rth tavaFlow 490530006  Utah Washington 846 SLAMS California 68 62
Non-EPA California +
Zion NP 490530130  Utah Washington 1213 Federal 71 65
Other sources
(NPS)
Centennial 560019991  Wyoming Albany 3178 CASTNET Other sources 69 65
Southwest
Pinedale 560359991 Wyoming Sublette 2388 CASTNET region + Other 65 62

sources
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Border impacts (12)

California impacts (8)
Other sources (6)

Other sites = 60 ppb in 2025 baseline (119)
Other sites <= 60 ppb in 2025 baseline (214)

-+ 000

Souwrces : Esri, USGS, NOAA

Figure 3A-17.Location of sites identified in Table 3A-14

In Figure 3A-17, the colored dots categorize sites by the predominant source of ozone.
Many sites may be influenced by more than one source but are placed in a single category for
illustrative purposes in the Figure. All ozone monitoring sites categorized as not substantially
affected by natural or transported influences in Table 3A-14 are shown as small diamonds. Gray
diamonds represent sites that had DVs less than or equal to 60 ppb in the 2025 baseline (or post-
2025 baseline for California sites). Black diamonds represent sites that had DVs greater than 60
ppb in the 2025 baseline (or post-2025 baseline for California sites).

In this section we look at examples of how these sites might leverage various Clean Air
Act provisions to comply with requirements for lower alternative standard levels including:
interstate transport provisions, exceptional events demonstrations, rural transport designations,
and requirements for nonattainment areas in international border areas (i.e., section 179B of the

Clean Air Act).
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Clean Air Act sections 110 and 126 have provisions designed to reduce significant
transport contributions from upwind areas to downwind nonattainment areas. Although the RIA
accounted for the impacts of regional NOx reductions it was not able to account for the impacts
of emissions reductions in California on ozone at downwind sites in other states since California
is likely to have an attainment date that is later than that of other western states. As discussed in
the main RIA, many areas of California will not be required to meet the current ozone standard
until after 2025 (i.e., 2027 or later) and may not be required to meet a new ozone standard until
sometime between 2032 and 2037.% Although California will likely implement some of the
emissions reductions necessary to meet these standards prior to their attainment date, there is a
considerable uncertainty about how to quantify the portion of the emissions reductions that may
occur by 2025. Therefore, we did not account for the benefits of California emissions reductions

on design values in downwind states.

However, it is very likely that reductions in California emissions would lead to
substantial reductions in DVs at some monitoring locations in downwind states. For example, as
shown in Figure 3A-18, a 90% NOx reduction in California has the potential to substantially
improve ozone concentrations at downwind receptors in Nevada, Utah, and Arizona. Given the
number of monitors in California projected to violate a revised ozone standard in 2025, it is quite
likely that the state will adopt substantial local and regional controls to reach attainment. These
controls would benefit areas outside of California as well. In addition, California and other
states may have obligations to reduce emissions if those emissions are contributing substantially
to interstate transport, as required under sections 110 and 126 of the Clean Air Act. Although no
assessment of state-receptor linkages has been completed for alternative levels of the NAAQS
(70, 65, and 60 ppb) this figure indicates that it is possible that California (and other Western
states) could potentially have significant benefit toward attainment at downwind receptors which

might then be subject to interstate transport provisions of the Clean Air Act.

25 The EPA will likely finalize designations for a revised ozone NAAQS in late 2017. Depending on the precise
timing of the effective date of those designations, nonattainment areas classified as Severe 15 will likely have to
attain sometime between late 2032 and early 2033 and nonattainment areas classified as Extreme will likely have to
attain sometime between late 2037 and early 2038.
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Figure 3A-18.Projected change in 2025 ozone design values with an additional 90%
California NOx control (Southwest region; stars represent sites identified in
Table 3A-14)

An air agency can request and the EPA can agree to exclude data associated with event-
influenced exceedances or violations of a NAAQS provided the event meets the statutory
requirements in section 319 of the CAA:

e The event “affects air quality.”
e The event “is not reasonably controllable or preventable.”
e The event is “caused by human activity that is unlikely to recur at a particular location or

[is] a natural event.”?®

The EPA’s implementing regulations, the 2007 Exceptional Events Rule, further specify that

states must provide evidence that: 2’

26 A natural event is further described in 40 CFR 50.1(k) as “an event in which human activity
plays little or no direct causal role.”

27 See 72 Federal Register 13560 (March 22, 2007), 40 CFR Part 50.1, 40 CFR Part 50.14 and 40
CFR Part 51.930.
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e “There is a clear causal relationship between the measurement under consideration and
the event that is claimed to have affected the air quality in the area;”

e “The event is associated with a measured concentration in excess of normal historical
fluctuations, including background;” and

e “There would have been no exceedance or violation but for the event.”

Once an air agency requests data exclusion by flagging the subject data and submitting
supporting documentation showing that the data have been affected by exceptional events (e.g.,
stratospheric intrusions or wildfires) and the EPA concurs with this request, the event-influenced
data would be excluded from the data set used in regulatory decisions, including determining
whether or not an area is attaining or violating a NAAQS. As an example, Figure 3A-18 shows
five years of daily ozone values at Weminuche Wilderness area in La Plata County, CO. This
figure shows evidence of both episodic and persistent high ozone at this monitoring site between
2009 and 2013. Several short periods of elevated ozone in springtime (March and April) could
potentially be due to stratospheric intrusion, although more analysis would be required to
definitively determine the source(s) contributing to these high concentrations. This figure also
shows more prolonged periods of ozone values above 65 ppb which are unlikely to qualify for
exclusion as exceptional events. In cases where design values are only 1-2 ppb above an
alternative NAAQS level, excluding data from one or two days may be enough to show
compliance with the standard even if there are still some periods with high ozone values that do
not qualify. This is especially true because the standard is based on a three-year average. As can
be seen in Figure 3A-19, some years (2009, 2012 and 2013) have substantially fewer days above
65 ppb at this site than others (2010 and 2011). Eliminating a few high ozone days in 2010 and
2011 could potentially bring this site’s projected design value below a threshold level when

averaged with ozone concentrations from one or more low-ozone years.
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Figure 3A-19.Daily 8-hr maximum ozone values at ozone monitor in Weminuche
Wilderness area in La Plata County Colorado from 2009-2013. Horizontal line
provided at 65 ppb.

Other CAA provisions that could provide regulatory relief for air agencies and potential
regulated entities include designation as a rural transport area (182(h)) or a determination that the
area would have attained but for the contribution of international emissions (179B). Rural
transport areas must show that the area does not contain emissions sources that substantially
impact monitored ozone concentrations in the area or in other areas and that they are not in or
adjacent to a Metropolitan Statistical Area (MSA). Section 179B demonstrations are used for
areas that can demonstrate they would have attained the standard but for emissions emanating
from outside the U.S. The EPA has used section 179B authority previously to approve attainment
plans for Mexican border areas in El Paso, TX (O3, PM10, and CO plans); Nogales, AZ (PM10
plan); and Imperial Valley, CA (PM10 plan). The 1-hour Os attainment plan for El Paso, TX was
approved by EPA as sufficient to demonstrate attainment of the NAAQS by the Moderate
classification deadline of November 15, 1996, taking into account “but for” international

emissions sources in Ciudad Juarez, Mexico (69 FR 32450, June 10, 2004). The state’s

3A-62



demonstration included airshed modeling using only the U.S. emissions data because emissions

data from Ciudad Juarez were not available.

3A.8 Calculation Methodology for W126 Metric

Calculation of the W126 metric occurs in several steps. The first step is to sum the
weighted hourly ozone concentrations within each calendar month, resulting in monthly index
values. Since plant and tree species are not photosynthetically active during nighttime hours,
only ozone concentrations observed during daytime hours (defined as 8:00 AM to 8:00 PM local
time) are included in the summations. The monthly W126 index values are calculated from the

hourly ozone concentration data as follows:

I Y 19 Can .
Monthly W126 = Y71 Yhisg 4203 erp(c126Ca) Equation (3A-1)

where N is the number of days in the month, d is the day of the month (d=1, 2, ..., N), A is the
hour of the day (h =0, 1, ..., 23), and Can is the hourly ozone concentration observed on day d,

hour 4, in parts per million.

Next, the monthly W126 index values are adjusted for missing data. If Ny is defined as the
number of daytime ozone concentrations observed during month m (i.e. the number of terms in
the monthly index summation), then the monthly data completeness rate is Vim = N/ 12 * N.
The monthly index values are adjusted by dividing them by their respective V. Monthly index
values are not computed if the monthly data completeness rate is less than 75 percent (Vi <

0.75).

Finally, the annual W126 index values are computed as the maximum sum of their
respective adjusted monthly index values occurring in three consecutive months (i.e., January—
March, February—April, etc.). Three-month periods spanning across two years (i.e., November—
January, December—February) are not considered, because the seasonal nature of ozone makes it
unlikely for the maximum values to occur at that time of year. The annual W126 concentrations
are considered valid if the data meet the annual data completeness requirements for the existing
standard. Three-year W126 index values are calculated by taking the average of annual W126

index values in the same three-month period in three consecutive years.
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CHAPTER 4: CONTROL STRATEGIES AND EMISSIONS REDUCTIONS

Overview

In order to estimate the costs and benefits of alternative ozone standards, the EPA has
analyzed hypothetical control strategies that areas across the country might employ to attain
alternative revised primary ozone standards of 70, 65, and 60 ppb. This chapter documents the
emission control measures EPA applied to simulate attainment with these alternative ozone

standards and the projected emission reductions associated with the measures.

This chapter is organized into four sections. Section 4.1 provides a summary of the steps
used to conduct the control strategy analysis. Section 4.2 describes the emission reductions by
sector in analyzing the baseline controls to meet the current (75 ppb) ozone standard. Section 4.3
discusses control measures and emission reductions applied as part of the alternative standard
analyses. Section 4.4 lists the key limitations and uncertainties associated with the control

strategy analysis. And finally, Section 4.5 lists the references for the chapter.

For the purposes of this discussion, it will be helpful to define some terminology. These

definitions are specific to this analysis:

e Base Case - Emissions projected to the year 2025 reflecting current state and federal
programs?®. This does not include control programs specifically for the purpose of
attaining the current ozone standard (75 ppb).

e Baseline - For all areas of the U.S. except California, the base case plus additional
emissions reductions needed to reach attainment of the current ozone standard (75
ppb) as well as emissions resulting from the Clean Power Plan (U.S. EPA, 2014b).
Several areas in California are not required to meet the existing standard by 2025 and
may not be required to meet a revised standard until 2037, thus we conducted
analyses of attainment in California for post-2025. We explain the baseline treatment
for California in more detail later in this chapter.

e Alternative Standard Analysis - Emissions reductions and associated hypothetical
controls needed to reach attainment of the alternative standards. These reductions and
controls are incremental to the baseline.

e Design Value - A metric that is compared to the level of the National Ambient Air
Quality Standard (NAAQS) to determine compliance. Design values are typically

28 A complete list of programs included in the 2025 base case emissions is included in the Technical Support
Document: Preparation of Emissions Inventories for the Version 6.1, 2011 Emissions Modeling Platform (U.S.
EPA, 20144d).
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used to classify nonattainment areas, assess progress towards meeting the NAAQS,
and develop control strategies. The design value for the 8-hour ozone standard is
calculated as the 3-year average of the 4th highest 8-hour daily maximum
concentration recorded at each monitoring site.

The EPA analyzed the impact that additional emissions control measures, across
numerous sectors, would have on predicted ambient ozone concentrations incremental to the
baseline. These control measures are based on information available at the time of this analysis,
and include primarily end of pipe controls. Additional emission abatement strategies such as
fuel switching, energy efficiency, and process changes may also be employed to reach emission
reduction targets. The potential impact of some of these types of strategies is discussed in
Chapter 7. Note that we did not conduct this analysis incremental to controls applied as part of
previous NAAQS analyses (e.g., NOx or PMa2s because the data and modeling on which these
previous analyses were based are now considered outdated and are not compatible with the
current ozone NAAQS analysis. In addition, there were no incremental NOx controls applied in
the PM2.5 NAAQS and therefore there would be little to no impact on the controls selected to
meet the alternative ozone standards analyzed.”® Thus, the analysis for the alternative standards
focuses specifically on incremental improvements beyond the current standard and other existing
and proposed rules. The selection of control strategies is based on a least cost approach selecting
from those controls for which we have adequate information on costs, effectiveness, and
applicability. The hypothetical control strategies presented in this RIA represent illustrative
options for emissions reductions that achieve national attainment of the alternative standards.
The hypothetical control strategies are not recommendations or requirements for how a revised
ozone standard should be implemented, and states will make all final decisions regarding

implementation strategies for a revised ozone NAAQS.

2 There were no additional NOx controls applied in the PM, s NAAQS RIA, and therefore there would be little to
no impact on the controls selected as part of this analysis. In addition, the only geographic areas that exceed the
alternative ozone standard levels analyzed in this RIA and in the 2012 PM, s NAAQS RIA are in California. The
attainment dates for a new PM, s NAAQS would likely precede attainment dates for a revised ozone NAAQS. While
the 2012 PM, s NAAQS RIA concluded that controls on directly emitted PM, s were the most cost-effective on
a$/ug basis, states may choose to adopt different control options. These options could include NOx controls. It is
difficult to determine the impact on costs and benefits for this RIA because it is highly dependent upon the control
measures that would be chosen and the costs of these measures.
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The NOx control measures dataset for non-electric generating unit (EGU) point sources
applied in these control strategies reflects a number of revisions that EPA made since the

completion of the previous ozone NAAQS RIA. These changes include:

e Removal of incorrect links between control measures and SCCs,

e Updates to cost equations where more recent data was available to improve their
accuracy,

¢ Inclusion of information that has recently become available concerning known and
emerging technologies for reducing NOx emissions, and

e Revising costs and control efficiencies from control measures in the dataset based on
recently obtained information from industry and multi-jurisdictional organizations

(e.g., Ozone Transport Commissions and Lake Michigan Air Directors Consortium).

These revisions made the NOx control measures dataset for non-EGUs more accurate,
defensible, and up to date. These improvements in this dataset will improve our control strategy
and cost analyses not only for this RIA, but also for other potential rulemakings where control of

NOx from non-EGUs is an important concern.

4.1 Control Strategy Analysis Steps

The primary year of analysis for analyzing the incremental costs and benefits of meeting
a revised ozone standard is 2025. The analysis year was chosen because most areas of the U.S.
will be required to meet a revised ozone standard by 2025. In estimating the incremental costs
and benefits of potential alternative standards, we recognize that there are several areas that are
not required to meet the existing ozone standard by 2025. The Clean Air Act allows areas with
more significant air quality problems to take additional time to reach the existing standard.
Several areas in California are not required to meet the existing standard by 2025 and may not be
required to meet a revised standard until December 31, 2037. Depending on how areas in
California are eventually designated, some areas may have attainment dates earlier than 2037,
but for simplicity we are not distinguishing unique attainment years for different locations within
California. To reflect these differences in required attainment dates, we conducted analyses of

attainment in California for the period post-2025.
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While our goal for the California analysis was to reflect 2038, we were not able to project
emissions and air quality beyond 2025 for California. However, we were able to adjust baseline
air quality to reflect mobile source emissions reductions for California that would occur between
2025 and 2030; these emissions reductions were the result of state and federal mobile source
regulations expected to be fully implemented by 2030. For ease of discussion throughout the
analyses we refer to the time periods for potential attainment in California and in other areas of
the U.S. as post-2025 and 2025, respectively. Because we estimate incremental emissions
reductions, costs, and benefits for these two distinct time periods, it is not appropriate to add the

estimates together or to directly compare the estimates.

To conduct the control strategy analyses, we require information on (i) control costs, (ii)
control effectiveness in terms of NOx or VOC emissions reduced, (iii) the sensitivity of ozone
design values to the NOx and VOC emissions reductions, and (iv) design value targets for each
area. For the air quality modeling, the EPA prepared one control scenario for an alternative
standard level of 70 ppb (Step 2 below) because we did not expect to have sufficient known
controls for all locations to reach attainment for all of the alternative standards analyzed. The
control scenario is not really designed to model how areas reach an alternative standard level of
70 ppb, instead it sets up a process for developing, and applying, a list of potentially available
known controls ordered by cost. To develop a sufficient amount of controls for the 65 and 60
ppb alternative standard levels, we also worked to identify known controls in areas or regions

expected to contribute to nonattainment for these alternative standards.

The following steps were taken by the EPA to analyze the impacts and costs of the

control scenario incremental to the base case air quality modeling:

1. Identify geographic areas in the U.S. projected to exceed the alternative standard of
70 ppb in the year 2025 in the base case air quality modeling.

2. Develop a hypothetical control scenario for these areas and generate a control case
2025 emissions inventory for all areas except California; for California develop a
control case post-2025 emissions inventory.

3. Perform air quality modeling to assess the air quality impacts of the hypothetical
control scenario. Additionally, perform a series of emissions sensitivity simulations to
develop average ozone response to across-the-board NOx and VOC emissions
reductions in different areas (see Chapter 3).
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4. Calculate the portion of the hypothetical control scenario emission reductions that are
attributed to meeting the baseline. Estimate any additional emissions reductions
beyond the known controls that are needed to meet the current standard based on
average ozone response factors. These are the baseline emission reductions.

5. Estimate the additional emissions reductions incremental to the baseline that are
needed to meet the alternative standards of 70, 65, and 60 ppb. Costs of controls
incremental to (i.e., over and above) the baseline reductions are attributed to the costs
of meeting the alternative standards. These emissions reductions can come from
specific known controls or emission reductions needed beyond known controls, also
referred to as unknown controls. Potential controls may be categorized as unknown
because these needed emissions reductions come from sectors for which we have not
sufficiently explored emissions abatement opportunities or sectors that might require
non-traditional abatement through measures like energy efficiency or process
changes.

The following sections will discuss in more detail the analysis steps presented above.

4.2 Baseline Control Strategy

Establishing the baseline allows us to estimate the incremental costs and benefits of
attaining the alternative standards. Three steps were used to develop the baseline. First, we
estimated 2025 base case emissions and air quality, reflecting “on the books” regulations (see
Section 3.1.3 Emissions Inventories for a discussion of the rules included in the Base Case for
this analysis).>* Second, we accounted for changes in ozone predicted to occur due to one
potential approach for implementing the Clean Power Plan. Third, we identified additional

controls that could be applied to demonstrate attainment of the current ozone standard of 75 ppb.

Additional control measures were used in three sectors to meet the current ozone standard
in establishing the baseline:*! Non-Electric Generating Unit Point Sources (Non-EGUs), Non-

Point (Area) Sources, and Nonroad Mobile Sources. See Table 4-1 for a summary of controls

30 Among others factors, the baseline for this analysis is also affected by the choice of the future year -- a year
farther into the future allows for more time for federal measures to work and to attain. This baseline is also affected
by the air quality starting point, potentially reducing the amount of emissions reductions required for attainment —
this analysis started from a standard of 75 ppb, where the analysis in 2008 started from a standard of 84 ppb. In
addition, we have identified additional “known” controls to apply in this analysis, controls which are less expensive
per ton than unknown controls.

3! In establishing the baseline, the U.S. EPA selected a set of cost-effective controls to simulate attainment of the
current ozone standard. These control sets are hypothetical as states will ultimately determine controls as part of
the SIP process.
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applied in the baseline analysis. There were several areas in California that did not reach
attainment of the current standard with known controls. For these geographic areas, we estimated
the additional emissions reductions needed beyond those achieved by identified known controls

for NOx and VOC to attain the current standard.
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Table 4-1. Controls Applied for the Baseline and Alternative Standard Analyses Control
Strategies

Sector

NO«

vVOC

Non-EGU Point

LEC (Low Emission Combustion)

Solvent Recovery System

SCR (Selective Catalytic Reduction)

Work Practices, and Material
Reformulation/Substitution

SNCR (Selective Non-Catalytic Reduction)

Low-VOC materials Coatings and Add-
On Controls

NSCR (Non-Selective Catalytic Reduction)

Low VOC Adhesives and Improved
Application Methods

LNB (Low NOy Burner Technology)

Permanent Total Enclosure (PTE)

LNB + SCR Solvent Substitution, Non-Atomized
Resin Application Methods
LNB + SNCR Petroleum Wastewater Treatment
Controls
OXY-Firing Incineration (Thermal, Catalytic, etc) to

Reduce VOC Emissions

Biosolid Injection Technology

LNB + Flue Gas Recirculation

LNB + Over Fire Air

Ignition Retard

Natural Gas Reburn

Ultra LNB
NonPoint NSCR (Non-Selective Catalytic Reduction)  Process Modification to Reduce Fugitive
VOC Emissions
LEC (Low Emission Combustion) Reformulation to Reduce VOC Content
LNB (Low NOy Burner Technology) Incineration (Thermal, Catalytic, etc) to
Reduce VOC Emissions
LNB Water Heaters Low Pressure/Vacuum (LPV) Relief
Valves in Gasoline Storage Tanks
Reduced Solvent Utilization
Gas Recovery in Landfills
Nonroad Diesel Retrofits & Engine Rebuilds

A map of the country is presented in Figure 4-1, which shows the counties projected to

exceed the current ozone standard of 75 ppb in the 2025 base case scenario. This includes 8
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projected exceeding counties in California and 3 exceeding counties in Texas. NOx control
measures were applied in these 11 counties in the baseline analysis to meet the current ozone
standard. In addition, NOx control measures were applied to 40 California counties and 52 Texas
counties adjacent to exceeding counties in order to address transport coming from these adjacent
counties. A map of the areas where control measures were applied to demonstrate attainment of

the current standard and establish the baseline is presented in Figure 4-2.

To construct the post-2025 baseline, we included mobile source NOx and VOC emissions
changes that are projected to occur in California from 2025 - 2030 as a result of California’s
current mobile source control programs and projected changes in vehicle miles traveled and
nonroad activity levels. These changes were included because they would result in emission
reductions that would contribute toward attainment of the current ozone standard. No emission
projections were available for other sectors for this time period, and no mobile source emissions
projections were available beyond 2030. Additionally, VOC controls were applied in California
counties highlighted in Figure 4-2. Even with the above mentioned controls, some areas in
California did not reach attainment with known controls. For these areas, we estimated the
additional NOx emission reductions needed beyond identified known controls to attain the

standard.
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Legend

665 counties are projected to be below 0.075 ppm
- 11 counties are projected to exceed 0.075 ppm
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There are 676 counties with monitors. i il

Figure 4-1. Counties Projected to Exceed the Baseline Level of the Current Ozone
Standard (75 ppb) in 2025 Base Case
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Figure 4-2. Counties Where Emissions Reductions Were Applied to Demonstrate
Attainment of the Current Standard for the Baseline Analysis

Tables 4-2 and 4-3 summarize the NOx and VOC emission reductions needed to

demonstrate attainment of the current ozone standard (75 ppb).



Table 4-2. Summary of Emission Reductions by Sector for Known Controls Applied to
Demonstrate Attainment of the Current Standard for the 2025 Baseline - U.S.,
except California (1,000 tons/year)?*

Geographic Area b Emissions Sector NO« vVOC

East EGU - -

Non-EGU Point 18 -
Nonpoint 26 -
Nonroad 0.83 -
Onroad - -
Total 45 -

West EGU - -
Non-EGU Point - -
Nonpoint - -
Nonroad - R
Onroad - _
Total - -

2 Estimates are rounded to two significant figures.

b For the control strategy and cost analysis, “East” includes the Northeast, Midwest, and Central regions, and “West”
includes the Southwest region. See Chapter 3 for a description of these regions.

Table 4-3. Summary of Emission Reductions (Known and Unknown Controls) Applied to
Demonstrate Attainment in California for the post-2025 Baseline (1,000

tons/year)?

Emissions Sector NOx vOC

Known Controls EGU - -
Non-EGU Point 14 0.61
Nonpoint 14 47
Nonroad 4.2 -
Onroad - _
Total 31 48

Unknown Controls All 160 -
Total 190 48

2 Emission reduction estimates are rounded to two significant figures.

The 2025 baseline for this analysis presents one scenario of future year air quality based
upon specific control measures, additional emission reductions beyond known controls,
promulgated federal rules such as Tier 3, and specific years of initial values for air quality
monitoring and emissions data. This analysis presents one illustrative strategy relying on the

identified federal measures and other strategies that states may employ. States may ultimately
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employ other strategies and/or other federal rules may be adopted that would also help in

achieving attainment with the current standard.

4.3  Alternative Standard Analyses

After identifying the controls in the baseline scenario, additional controls needed to meet
the alternative standards were identified in four sectors: Electric Generating Units (EGUs), Non-
Electric Generating Unit Point Sources (Non-EGUs), Non-Point (Area) Sources, and Nonroad
Mobile Sources. Onroad mobile source controls were not applied because they are largely
addressed in existing rules such as the recent Tier 3 rule. Controls applied for the alternative
standard analyses were the same as were applied for the baseline analysis (see Table 4-1 for a
summary of controls applied in the baseline) with the addition of Selective Catalytic Reduction
applied to EGUs. Other than the addition of EGU controls, the primary difference between the
controls applied for the alternative standards versus the baseline was the geographic areas to

which they were applied.

The EPA performed a national scale air quality modeling analysis to estimate ozone
concentrations for the future base case year of 2025. To accomplish this, we modeled multiple
emissions cases for 2025, including the 2025 base case and twelve 2025 emissions sensitivity
simulations. The twelve emissions sensitivity simulations were used to develop ozone sensitivity
factors (ppb/ton) from the modeled response of ozone to changes in NOx and VOC emissions
from various sources and locations. These ozone sensitivity factors were then used to determine
the amount of emissions reductions needed to reach the 2025 baseline and evaluate potential
alternative standard levels of 70, 65, and 60 ppb incremental to the baseline. As mentioned
previously, only a subset of known controls were included in the modeled control scenarios.
Therefore, any additional emissions reductions may include both known and unknown controls.
In areas of the country outside of California, Texas, and the northeast, total emissions reductions
needed beyond the baseline were based entirely on response factors, i.e., not based on the

hypothetical control scenario used in the air quality modeling.

Figure 4-3 shows the counties projected to exceed the alternative standards analyzed for
the 2025 baseline for areas other than California. For the 70 ppb scenario, emissions reductions

were required for monitors in the Central and Northeast regions (see Chapter 3, Figure 3-3 for a
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depiction of the regions). For the 65 and 60 ppb scenarios, emissions reductions were applied in
all regions with projected baseline DVs above these levels. For the 60 ppb scenario, additional
VOC tons were identified in Chicago because some sites in that area experienced NOx
disbenefits meaning that the regional NOx reductions resulted in ozone DV increases from below
60 ppb to above 60 ppb. Therefore it was not possible to identify a scenario in which regional
NOx reductions and maximum known VOC controls alone resulted in all Midwest monitors
meeting a 60 ppb standard. An iterative approach was used determine a combination of NOx and
VOC emissions reductions that would not lead to over-control at either the NOx-limited monitor
with the highest design value or the VOC-limited monitor with the highest design value.
Because of the regional approach we used for locations other than Texas, we were not able to
geographically fine tune the control strategies, and thus there is some uncertainty in the actual

amounts of emissions reductions estimated for attaining the alternative standards.

Legend

I 5 ccunties are projected to exceed 70 ppb
B8 additional counties are projected to be below 70 but exceed 85 ppb
172 additional counties are projected to be below 85 but exceed 80 ppb

0 200 400 800 Kilometers

Figure 4-3. Projected Ozone Design Values in the 2025 Baseline Scenario
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Figure 4-4 shows the counties projected to exceed the alternative standards analyzed for
the post-2025 baseline analysis for California. For the California post-2025 alternative standard
analyses, all known controls were applied in the baseline so incremental reductions are from

unknown controls.

o 50 10D 200 Hilometrs
T R S T |

Legend

- 4 counties are projected o exceed 70 ppb
8 additional counties are projected to be below 70 but exceed 85 ppb
5§ additional counties are projected to be below 85 but exceed 80 ppb

Figure 4-4. Projected Ozone Design Values in the post-2025 Baseline Scenario
4.3.1 Identifying Known Controls Needed to Meet the Alternative Standards

For the 2025 alternative control strategy analyses of 70, 65 and 60 ppb, known NOx
controls for four sectors were used: EGUs, non-EGU point, nonpoint, and nonroad mobile
sources. In a smaller number of geographic areas, VOC controls were applied to non-EGU point

and nonpoint sources.
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For Texas, reductions were first applied to NOx sources in the areas surrounding Dallas
and Houston. Additional reductions then were applied to VOC sources in the area surrounding
Houston, to NOx sources in other parts of Texas, and to sources in the surrounding states. For the
Northeast, Midwest, and Southwest areas of the country, reductions were applied to NOx sources
within the regions. For regions where additional reductions were needed, controls were applied

to VOC sources in urban areas with the highest ozone design values in the region.*

For California, all known controls were applied in the baseline analysis so there were no
known controls available to apply toward the incremental emissions reductions needed for the
alternative analysis levels for post-2025. Maps of the areas where control measures were applied
to demonstrate attainment of the alternative analysis levels are presented in Figures 4-5 and 4-6.
Note that we do not account for between region transport of ozone, and therefore, especially for
the 65 and 60 ppb alternative standard levels, we may be overstating the amount of emissions

reductions needed for attainment.

32 Texas, California, and the northeast were included in the hypothetical control scenario for an alternative standard
of 70 ppb. Other regions were modeled as part of the 2025 emissions sensitivity simulations.
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Figure 4-5. Counties Where Emissions Reductions Were Applied to Demonstrate
Attainment with a 70 ppb Ozone Standard in the 2025 Analysis
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Figure 4-6. Counties Where Emissions Reductions Were Applied to Demonstrate
Attainment with 65 and 60 ppb Ozone Standards in the 2025 Analyses

Table 4-4 shows the number of exceeding counties and the number of adjacent counties
to which controls were applied for the alternative standards. For a complete list of geographic

areas for the alternative standards see Appendix 4.A.
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Table 4-4. Number of Counties with Exceedances and Number of Additional Counties
Where Reductions Were Applied for the 2025 Alternative Standards Analyses -
U.S., except California

Alternative Standard Number of Counties with Number of Additional Counties Where Reductions
Exceedances Were Applied
70 ppb 15 479
65 ppb 115 1,925
60 ppb 289 1,791*

2 Number of additional counties where reductions are applied declined for 60 ppb analysis because the
number of overall counties in the analysis remained the same while the number of exceeding counties increased.

Tables 4-5 through 4-7 show the emissions reductions from known controls for the
alternative standards analyzed. No exceedances were projected for the West region, outside of
California, for the 70 ppb alternative standard. For the lower alternative standards of 65 and 60
ppb, similar controls were applied as were used in the 70 ppb analysis, but the geographic area in
which they were applied increased. The largest emission reductions were in the non-EGU point
source and nonpoint sectors. For details regarding emission reductions by control measure see

Appendix 4.A

Table 4-5.  Summary of Emission Reductions by Sector for Known Controls Applied to
Demonstrate Nationwide Attainment with a 70 ppb Ozone Standard in 2025,
except California (1,000 tons/year)?

Geographic Emissions Baseline Emissions Emission Reductions
Area Sector NO« vVOC NOx vVOC

East EGU 884 25 -

Non-EGU Point 1,485 210 0.98

Nonpoint 1,487 260 54

Nonroad 1,235 5 -

Onroad 1,135 - -

Total 6,226 490 55

West EGU 159 - -

Non-EGU Point 226 - -

Nonpoint 193 - -

Nonroad 219 - -

Onroad 197 - -

Total 1,025 - -

2 Emission reduction estimates are rounded to two significant figures.
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Table 4-6. Summary of Emission Reductions by Sector for Known Controls Applied to
Demonstrate Nationwide Attainment with a 65 ppb Ozone Standard in 2025 -
except California (1,000 tons/year)?

Geographic Area Emissions Sector NOx VOC
East EGU 170 -
Non-EGU Point 410 3.6
Nonpoint 420 95
Nonroad 12 -
Total 1,000 99
West EGU 36 -
Non-EGU Point 38 0.47
Nonpoint 37 6.6
Nonroad 1.3 -
Total 110 7

2 Emission reduction estimates are rounded to two significant figures.

Table 4-7. Summary of Emission Reductions by Sector for Known Controls Applied to
Demonstrate Nationwide Attainment with a 60 ppb Ozone Standard in 2025 -
except California (1,000 tons/year)*

Geographic Area Emissions Sector NO« VOC
East EGU 170 -
Non-EGU Point 410 4.2
Nonpoint 420 99
Nonroad 12 -
Total 1,000 100
West EGU 62 -
Non-EGU Point 48 0.47
Nonpoint 39 6.6
Nonroad 1.3 -
Total 150 7

2 Emission reduction estimates are rounded to two significant figures.

4.3.2 Known Control Measures Analyzed

Known control measures were applied to electric generating units (EGU), non-EGU

point, nonpoint (area), and nonroad mobile sources for demonstration of attainment with the

current and alternative standards. The applied control measures were identified using the EPA’s

Control Strategy Tool (CoST) (U.S. EPA, 2014c), Integrated Planning Model (IPM), and

NONROAD Model. CoST models emissions reductions and engineering costs associated with

control strategies applied to point, area, and mobile sources of air pollutant emissions by

matching control measures to emissions sources using algorithms such as "maximum emissions
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reduction", "least cost", and "apply measures in series". For this analysis, we applied the
maximum emissions reduction algorithm. These controls are described further in Appendix 4.A.
Specific controls were applied in the air quality modeling only for a portion of the analysis (for
California, Texas, and the northeast, areas projected to exceed an alternative standard level of 70
ppb). A majority of the emission reductions needed were identified using the ozone sensitivity
factors developed from the twelve emissions sensitivity simulations (see Chapter 3, Section 3.1

for a discussion of the development of the ozone sensitivity factors).

Nonpoint and nonroad mobile source emissions data are generated at the county level,
and therefore controls for these emissions sectors were applied at the county level. EGU and
non-EGU point source controls are applied to individual point sources. Control measures were
applied to point and nonpoint sources of NOx, including: industrial boilers, commercial and
institutional boilers, reciprocating internal combustion engines in the oil and gas industry and
other industries, glass manufacturing furnaces, and cement kilns. The analysis for nonroad

mobile sources applied NOx controls to diesel engines.

In a portion of the geographic areas where NOx controls were applied, the EPA also
applied control measures to sources of VOC including surface coating, solvents, and fuel storage
tanks. VOC reductions were analyzed in the urban areas with the highest ozone design values in
each region: northern and southern California; Denver in the Southwest; Houston and Dallas in
the Central region; Chicago, Detroit, and Louisville in the Midwest; New York, Baltimore, and
Pittsburgh in the Northeast. Even among these areas, in some cases NOx reductions necessary to
bring the very highest urban areas into attainment made the VOC reductions unnecessary in other

high ozone urban areas within the region.

To more accurately depict available controls, the EPA employed a decision rule in which
controls were not applied to any non-EGU or nonpoint sources with less than 25 tons/year of
emissions per pollutant. This decision rule is more inclusive of sources than the rule we
employed in the previous O3 and PM2.s NAAQS RIAs where we applied a minimum of 50
tons/year for each pollutant. We modified the decision rule for this NAAQS analysis to
recognize the potential for emissions reductions in the large number of sources emitting in the

25-50 tons/year range in order to devise control strategies for full, or closer to full, attainment.
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Historically, the reason for not applying controls to sources emitting less than 25 tons/year has
been that many point sources with emissions below this level already have controls in place. For

the analysis, we applied best engineering judgement to apply controls to select sources.

4.3.3 Emissions Reductions beyond Known Controls Needed to Meet the Alternative Standards

There were several areas where known controls did not achieve enough emissions
reductions to attain the alternative standards of 70, 65, and 60 ppb. To complete the analysis, the
EPA then estimated the additional emissions reductions beyond known controls needed to reach
attainment, also referred to as unknown controls. For information on the methodology used to
develop the emission reductions estimates, see Chapter 3. Table 4-8 shows the emissions
reductions needed from unknown controls in 2025 for the U.S., except California, for the
alternative standards analyzed. Table 4-9 shows the reductions needed from unknown controls

for California for the post-2025 analysis.

Table 4-8. Summary of Emissions Reductions by Alternative Standard for Unknown
Controls for 2025 - except California (1,000 tons/year)?*

Alternative Standard Region NOx vVOC
70 ppb® East 150 -
West - -
65 ppb® East 750 -
West - -
60 ppb? East 1,900 41
West 350 -

2 Estimates are rounded to two significant figures.

b Unknown controls for the 70 ppb alternative standard are needed in the Northeast and Central regions (see Chapter

3 for a description of these regions).

¢ Unknown controls for the 65 ppb alternative standard are needed in the Northeast, Central, and Midwest regions

(see Chapter 3 for a description of these regions).

4 Unknown controls for the 60 ppb alternative standard are needed in the Northeast, Central, Midwest, and

Southwest regions (see Chapter 3 for a description of these regions).

Table 4-9. Summary of Emissions Reductions by Alternative Level for Unknown Controls
for post-2025 - California (1,000 tons/year)*

Alternative Standard Region NO« vVOC
70 ppb CA 53 -
65 ppb CA 110 -
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60 ppb CA 140 -

2 Estimates are rounded to two significant figures.

4.3.4 Summary of Emissions Reductions Needed to Meet the Alternative Standards

Table 4-10 summarizes the known and unknown emissions reductions needed to meet the
alternative standard levels in 2025 for the East and West, except California. In the East for 2025,
the unknown NOx reductions needed as percentage of the total rises from 23 percent to 66
percent as the alternative standard level decreases from 70 ppb to 60 ppb. Meanwhile, no
unknown VOC reductions are needed in the East for the 70 ppb and 65 ppb levels. In the West
(except California) for 2025, unknown NOx reductions are not needed until the 60 ppb level,
when the unknown tons constitute about 70 percent of the total reductions needed. No unknown
VOC reductions are needed in the West (except California) for 2025 for any of the alternative

standard levels.

Table 4-10. Summary of Known and Unknown Emissions Reductions by Alternative
Standard Levels in 2025, Except California (1,000 tons/year)?

Alternative Standard

Geographic Area Emissions Reductions 70 ppb 65 ppb 60 ppb

East NOx Known 490 1,000 1,000
NOx Unknown 150 750 1,900
% NOx Unknown 23% 43% 66%
VOC Known 55 99 100
VOC Unknown 0 0 41
% VOC Unknown 0% 0% 29%

West NOx Known 0 110 150
NOx Unknown 0 0 350
% NOx Unknown N/A 0% 70%
VOC Known 0 7 7
VOC Unknown 0 0 0
% VOC Unknown N/A 0% 0%

2 Estimates are rounded to two significant figures.

Table 4-11 shows again that there were no known NOx emissions reductions identified
for meeting the alternative standard levels for post-2025 California and that 100 percent of the
NOx tons needed were unknown. Meanwhile, no unknown VOC reductions are needed for the

any of the alternative standard levels for post-2025 California.
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Table 4-11. Summary of Known and Unknown Emissions Reductions by Alternative
Standard Levels for post-2025 - California (1,000 tons/year)?*

Alternative Standard

Geographic Area Emissions Reductions 70 ppb 65 ppb 60 ppb
California NOx Known 0 0 0
NOx Unknown 53 110 140
% NOx Unknown 100% 100% 100%
VOC Known 0 0 0
VOC Unknown 0 0 0
% VOC Unknown N/A N/A N/A

2 Estimates are rounded to two significant figures.

4.4 Limitations and Uncertainties

EPA’s analysis is based on its best judgment for various input assumptions that are
uncertain. As a general matter, the Agency selects the best available information from
engineering studies of air pollution controls and has set up what it believes is the most reasonable
modeling framework for analyzing the cost, emissions changes, and other impacts of regulatory
controls. However, the estimates of emissions reductions associated with our control strategies
above are subject to important limitations and uncertainties. In the following, we discuss the

limitations and uncertainties that are most significant.

o [llustrative control strategy: A control strategy is the set of actions that States
may take to meet a standard, such as which industries should be required to install
end-of-pipe controls or certain types of equipment and technology. The illustrative
control strategy analysis in this RIA presents only one potential pathway to
attainment. The control strategies are not recommendations for how a revised ozone
standard should be implemented, and States will make all final decisions regarding
implementation strategies for the revised NAAQS. We do not presume that the
control strategies presented in this RIA are an exhaustive list of possibilities for
emissions reductions.

e Emissions Inventories and Air Quality Modeling: These serve as a foundation
for the projected ozone values, control strategies and costs in this analysis and thus

limitations and uncertainties for these inputs impact the results, especially for
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issues such as future year emissions projections and information on controls
currently in place at sources. Limitations and uncertainties for these inputs are
discussed in previous chapters devoted to these subject areas. In addition, there are
factors that affect emissions, such as economic growth and the makeup of the
economy (e.g., growth in the oil and natural gas sector), that introduce additional
uncertainty.

Projecting level and geographic scope of exceedances: Estimates of the
geographic areas that would exceed revised alternative levels of the standard in a
future year, and the level to which those areas would exceed, are approximations
based on a number of factors. The actual nonattainment determinations that would
result from a revised standard will likely depend on the consideration of local
issues, changes in source operations between the time of this analysis and
implementation of a new standard, and changes in control technology over time.
Assumptions about the baseline: There is significant uncertainty about the
illustration of the impact of rules, especially the Clean Power Plan because it is a
proposal and because it contains significant flexibility for states to determine how
to choose measures to comply with the standard.

Applicability of control measures: The applicability of a control measure to a
specific source varies depending on a number of process equipment factors such as
age, design, capacity, fuel, and operating parameters. These can vary considerably
from source to source and over time. This analysis makes assumptions across broad
categories of sources nationwide.

Control measure advances over time: The control measures applied do not reflect
potential effects of technological change that may be available in future years and
the effects of “learning by doing” or “learning by researching” are not accounted
for in the emissions reduction estimates. Thus, all estimates of impacts associated
with control measures applied reflect our current knowledge, and not projections,
of the measures’ effectiveness. In our analysis, we do not have the necessary data
for cumulative output, fuel sales, or emissions reductions for all sectors included in

order to properly generate control costs that reflect learning-curve impacts or the
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impacts of technological change. We believe the effect of including these impacts
would be to lower our estimates of costs for our projected year control strategies.
e Pollutants to be targeted: Local knowledge of atmospheric chemistry in each
geographic area may result in a different prioritization of pollutants (VOC and
NOx) for control. For the baseline in this analysis, we included only promulgated
or proposed rules, but that there may be additional regulations promulgated in the
future that reduce NOx or VOC emissions. These regulations could reduce the

current baseline levels of emissions.
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APPENDIX 4: CONTROL STRATEGIES AND EMISSIONS REDUCTIONS

Overview

Chapter 4 describes the approach that EPA used in applying control measures to
demonstrate attainment of alternative ozone standard levels of 70, 65, and 60 ppb and estimating
the resulting emissions reductions. This Appendix contains more detailed information about the
control strategy analyses, including the control measures that were applied and the geographic

areas in which they were applied.

4A.1 Types of Control Measures

Several types of control measures were applied in the analyses for the baseline and

alternative standard levels. These can be grouped into the following classes:

e Max NOx Reductions — NOx control measures for nonEGU point, nonpoint, and nonroad
sources. For each of these sources, we identified the most effective control (i.e., control
with the highest percent reduction) that could be applied to the source, given the
following constraints:

e the source must emit at least 50 tons/yr of NOx (see description of controls on smaller
sources below);

¢ any control for nonEGU point sources must result in a reduction of NOx emissions of
at least 5 tons/yr; and

e any replacement control (i.e., a more effective control replacing an existing control)
must achieve at least 10% more reduction than the existing control (e.g., we would
not replace a 60% control with a 65% control).

e NOx Reductions from EGU SCRs — SCRs applied to coal-fired EGUs where no SCR is
currently in place.

e NOx 25-50 TPY Source Reductions — Similar to the Max NOx Reductions above, except
for smaller sources in the 25-50 ton/year NOx emissions range.

e Max VOC Reductions — Similar to Max NOx Reductions described above, except this
includes only VOC controls.

4A.2 Application of Control Measures in Geographic Areas

Control measures were applied to geographic areas including or adjacent to areas that
were projected to exceed the baseline and alternative standards. See Tables 4A-1 to 4A-4 for a

listing of the NOx and VOC control groups and geographic areas to which they were applied.
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Table 4A-1. Geographic Areas for Application of NOx Controls in the Baseline and
Alternative Standard Analyses - U.S., except California®

Geographic Areas and Control Groups Baseline 70 ppb 65 ppb 60 ppb
EAST

Central Region

Max NOx Reductions within TX buffer X X X X
NOx EGU SCR within TX buffer X X X
NOx 25-50 tpy Source controls within TX buffer X X X
Unknown control NOx Reductions within TX buffer U U U
Max NOx Reductions outside of TX buffer X X X
NOx EGU SCR outside of TX buffer X X
NOx 25-50 tpy Source controls outside of TX buffer X X
Unknown control NOx Reductions outside of TX buffer U U
Northeast Region

Max NOx Reductions within Northeast buffer X X X
NOx EGU SCR within Northeast buffer X X X
NOx 25-50 tpy Source controls within Northeast buffer X X X
Unknown control NOx Reductions within Northeast buffer U U U
Max NOx Reductions outside of Northeast buffer X X X
NOx EGU SCR outside of Northeast buffer X X
NOx 25-50 tpy Source controls outside of Northeast buffer X X
Unknown control NOx Reductions outside NE buffer U U
Midwest Region

Max NOx Reductions in Midwest Region X X
NOx EGU SCR in Midwest Region X X
NOx 25-50 tpy Source controls in Midwest Region X X
Unknown control NOx Reductions in MW Region U U
WEST

Southwest Region

Max NOx Reductions in Southwest Region X X
NOx EGU SCR in Southwest Region X X
NOx 25-50 tpy Source controls in Southwest Region X
Unknown control NOx Reductions in SW Region U

a “x” indicates known controls were applied; “U” indicates unknown control reductions.
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Table 4A-2. Geographic Areas for Application of VOC Controls in the Baseline and
Alternative Standard Analyses - U.S., except California®

Geographic Areas and Control Groups Baseline 70 ppb 65 ppb 60 ppb
EAST

Central Region

Max VOC Reductions within Houston buffer X X X
Max VOC Reductions within Dallas buffer X X
Northeast Region

Max VOC Reductions within CT-NJ-NY buffer X X X
Max VOC Reductions within Baltimore buffer X

Midwest Region

Max VOC Reductions in Chicago buffer X X
Unknown control VOC Reductions in Chicago U
WEST

Southwest Region

Max VOC Reductions in Denver buffer X X

a “x” indicates known controls were applied; “U” indicates unknown control reductions.

Table 4A-3. Geographic Areas for Application of NOx Controls in the Baseline and
Alternative Standard Analyses - California®

Geographic Areas and Control Groups Baseline 70 ppb  65ppb 60 ppb

California

Max NOx Reductions within California (CA) buffer
NOx 25-50 tpy Source controls within N. CA buffer
Unknown Control NOx Reductions within N. CA buffer

NOx 25-50 tpy Source controls within S. CA buffer
Unknown Control NOx Reductions within S. CA buffer

Cx C % >
cC
c
c

2 “x” indicates known controls were applied; “U” indicates unknown control reductions.
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Table 4A-4. Geographic Areas for Application of VOC Controls in the Baseline and
Alternative Standard Analyses - California®

Geographic Areas and Control Groups Baseline 70 ppb  65ppb 60 ppb
California

Max VOC Reductions within N. California buffer X

Max VOC Reductions within S. California buffer X

2 “x” indicates known controls were applied.

4A.3 NOy Control Measures for NonEGU Point Sources

Several types of NOx control technologies exist for non-EGU point sources: selective
catalytic reduction (SCR), selective noncatalytic reduction (SNCR), natural gas reburn (NGR),
coal reburn, and low-NOx burners (LNB). In some cases, LNB accompanied by flue gas
recirculation (FGR) is applicable, such as when fuel-borne NOx emissions are expected to be of
greater importance than thermal NOx emissions. When circumstances suggest that combustion
controls do not make sense as a control technology (e.g., sintering processes, coke oven batteries,
sulfur recovery plants), SNCR or SCR may be an appropriate choice. Finally, SCR can be
applied along with a combustion control such as LNB with overfire air (OFA) to further reduce

NOx emissions. All of these control measures are available for application on industrial boilers.

Besides industrial boilers, other non-EGU point source categories covered in this RIA
include petroleum refineries, kraft pulp mills, cement kilns, stationary internal combustion
engines, glass manufacturing, combustion turbines, and incinerators. NOx control measures
available for petroleum refineries, particularly process heaters at these plants, include LNB,
SNCR, FGR, and SCR along with combinations of these technologies. NOx control measures
available for kraft pulp mills include those available to industrial boilers, namely LNB, SCR,
SNCR, along with water injection. NOx control measures available for cement kilns include
those available to industrial boilers, namely LNB, SCR, and SNCR. Non-selective catalytic
reduction (NSCR) can be used on stationary internal combustion engines. OXY-firing, a
technique to modify combustion at glass manufacturing plants, can be used to reduce NOx at
such plants. LNB, SCR, and SCR plus steam injection (SI) are available measures for

combustion turbines. Finally, SNCR is an available control technology at incinerators.

Tables 4A-5 through 4A-12 contain lists of the NOx and VOC control measures applied in

these analyses for non-EGU point sources, EGUs, nonpoint sources, and nonroad sources. Each
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table also presents the associated emission reductions for the baseline and alternative standard
analyses. The number of geographic areas in which they were applied expanded as the level of

the alternative standard analyzed became more stringent.

Table 4A-5. NOx Control Measures Applied in the Baseline Analysis

Reductions
NOx Control Measure (tons/yr)
Adjust Air to Fuel Ratio and Ignition Retard - Gas Fired IC Engines 694
Biosolid Injection Technology - Cement Kilns 1,021
Episodic Ban - Open Burning 570
Ignition Retard - IC Engines 30
Low Emission Combustion - Gas Fired Lean Burn IC Engines 1,552
Low NOx Burner - Commercial/Institutional Boilers & IC Engines 6,699
Low NOx Burner - Industr/Commercial/Institutional (ICI) Boilers 165
Low NOx Burner - Industrial Combustion 270
Low NOx Burner - Lime Kilns 309
Low NOx Burner - Natural Gas-Fired Turbines 4,735
Low NOx Burner - Residential Furnaces 5,381
Low NOx Burner - Residential Water Heaters & Space Heaters 6,605
Low NOx Burner and Flue Gas Recirculation - Coke Oven/Blast Furnace 36
Low NOx Burner and Flue Gas Recirculation - Iron & Steel Mills - Reheating 42
Low NOx Burner and SCR - Coal-Fired ICI Boilers 1,174
Low NOx Burner and SCR - Industr/Commercial/Institutional Boilers 5,286
Natural Gas Reburn - Natural Gas-Fired EGU Boilers 79
Nonroad Diesel Retrofits & Engine Rebuilds - e.g., Construction Equipment 4,998
Non-Selective Catalytic Reduction (NSCR) - 4 Cycle Rich Burn IC Engines 20,008
OXY-Firing - Glass Manufacturing 5,429
Selective Catalytic Reduction (SCR) - Cement Kilns 2,982
Selective Catalytic Reduction (SCR) - Coal Fired EGU Boilers 76
Selective Catalytic Reduction (SCR) - Fluid Catalytic Cracking Units 945
Selective Catalytic Reduction (SCR) - IC Engines, Diesel 2,041
Selective Catalytic Reduction (SCR) - ICI Boilers 3,218
Selective Catalytic Reduction (SCR) - Industrial Incinerators 1,062
Selective Catalytic Reduction (SCR) - Petroleum Refinery Gas-Fired Process Heaters 456
Selective Catalytic Reduction (SCR) - Sludge Incineration 366
Selective Catalytic Reduction (SCR) - Utility Boilers 55
Selective Non-Catalytic Reduction (SNCR) - Comm./Inst. Incinerators 16
Selective Non-Catalytic Reduction (SNCR) - Industrial Incinerators 130
Selective Non-Catalytic Reduction (SNCR) - Utility Boilers 158
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Table 4A-6. VOC Control Measures Applied in the Baseline Analysis

Reductions
VOC Control Measure (tons/yr)

Control of Fugitive Releases - Oil & Natural Gas Production 39
Control Technology Guidelines - Wood Furniture Surface Coating 777
Gas Recovery - Municipal Solid Waste Landfill 2,064
Improved Work Practices, Material Substitution, Add-On Controls - Cleaning Solvents 155
Improved Work Practices, Material Substitution, Add-On Controls - Printing 77
Incineration - Other 181
Incineration - Surface Coating 6,362
Low-VOC Coatings and Add-On Controls - Surface Coating 945
LPV Relief Valve - Underground Tanks 353
Permanent Total Enclosure (PTE) - Surface Coating 100
Process Modification - Oil and Natural Gas Production 4311
RACT - Graphic Arts 3,423
Reduced Solvent Utilization - Surface Coating 342
Reformulation - Aerosol Paints 12
Reformulation - Architectural Coatings 1,912
Reformulation - Industrial Adhesives 5,076
Reformulation-Process Modification - Automobile Refinishing 4,665
Reformulation-Process Modification - Cold Cleaning 5,877
Reformulation-Process Modification - Cutback Asphalt 6,478
Reformulation-Process Modification - Open Top Degreasing 47
Reformulation-Process Modification - Surface Coating 4,225
Wastewater Treatment Controls- POTWs 237

Table 4A-7. NOx Control Measures Applied in the 70 ppb Alternative Standard Analysis

Reductions
NOx Control Measure (tons/yr)

Adjust Air to Fuel Ratio and Ignition Retard - Gas Fired IC Engines 8,091
Biosolid Injection Technology - Cement Kilns 1,315
Episodic Ban - Open Burning 2,086
Ignition Retard - IC Engines 486
Low Emission Combustion - Gas Fired Lean Burn IC Engines 83,046
Low NOx Burner - Coal Cleaning 255
Low NOx Burner - Commercial/Institutional Boilers & IC Engines 20,004
Low NOx Burner - Industr/Commercial/Institutional (ICI) Boilers 2,290
Low NOx Burner - Industrial Combustion 495
Low NOx Burner - Lime Kilns 1,870
Low NOx Burner - Natural Gas-Fired Turbines 14,408
Low NOx Burner - Residential Furnaces 12,056
Low NOx Burner - Residential Water Heaters & Space Heaters 18,843
Low NOx Burner and Flue Gas Recirculation - Coke Oven/Blast Furnace 350
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Reductions

NOx Control Measure (tons/yr)
Low NOx Burner and Flue Gas Recirculation - Iron & Steel Mills - Reheating 388
Low NOx Burner and Over Fire Air - Utility Boilers 178
Low NOx Burner and SCR - Coal-Fired ICI Boilers 7,197
Low NOx Burner and SCR - Industr/Commercial/Institutional Boilers 22,632
Low NOx Burner and SNCR - Industr/Commercial/Institutional Boilers 153
Low Sulfur Fuel - Miscellaneous 2,892
Natural Gas Reburn - Natural Gas-Fired EGU Boilers 262
Nonroad Diesel Retrofits & Engine Rebuilds - e.g., Construction Equipment 4,984
Non-Selective Catalytic Reduction (NSCR) - 4 Cycle Rich Burn IC Engines 189,563
Non-Selective Catalytic Reduction (NSCR) - Nitric Acid Mfg 659
OXY-Firing - Glass Manufacturing 17,155
SCR and Flue Gas Recirculation - Fluid Catalytic Cracking Units 163
SCR and Flue Gas Recirculation - ICI Boilers 307
Selective Catalytic Reduction (SCR) - Ammonia Mfg 4,476
Selective Catalytic Reduction (SCR) - Cement Kilns 18,260
Selective Catalytic Reduction (SCR) - Fluid Catalytic Cracking Units 2,995
Selective Catalytic Reduction (SCR) - IC Engines, Diesel 1,675
Selective Catalytic Reduction (SCR) - ICI Boilers 6,049
Selective Catalytic Reduction (SCR) - Industrial Combustion 1,111
Selective Catalytic Reduction (SCR) - Industrial Incinerators 717
Selective Catalytic Reduction (SCR) - Petroleum Refinery Gas-Fired Process Heaters 4,757
Selective Catalytic Reduction (SCR) - Process Heaters 19
Selective Catalytic Reduction (SCR) - Sludge Incineration 7,991
Selective Catalytic Reduction (SCR) - Utility Boilers 30,482
Selective Non-Catalytic Reduction (SNCR) - Coke Mfg 1,543
Selective Non-Catalytic Reduction (SNCR) - Comm./Inst. Incinerators 1,082
Selective Non-Catalytic Reduction (SNCR) - ICI Boilers 154
Selective Non-Catalytic Reduction (SNCR) - Industrial Incinerators 482
Selective Non-Catalytic Reduction (SNCR) - Miscellaneous 31
Selective Non-Catalytic Reduction (SNCR) - Municipal Waste Combustors 304
Ultra-Low NOx Burner - Process Heaters 229
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Table 4A-8. VOC Control Measures Applied in the 70 ppb Alternative Standard Analysis

Reductions
VOC Control Measure (tons/yr)

Control of Fugitive Releases - Oil & Natural Gas Production 16
Control Technology Guidelines - Wood Furniture Surface Coating 1,184
Flare - Petroleum Flare 110
Gas Recovery - Municipal Solid Waste Landfill 242
Improved Work Practices, Material Substitution, Add-On Controls - Cleaning Solvents 10
Improved Work Practices, Material Substitution, Add-On Controls - Printing 148
Incineration - Other 350
Incineration - Surface Coating 14,071
Low-VOC Coatings and Add-On Controls - Surface Coating 209
LPV Relief Valve - Underground Tanks 4,011
Permanent Total Enclosure (PTE) - Surface Coating 446
RACT - Graphic Arts 3,054
Reduced Solvent Utilization - Surface Coating 2,541
Reformulation - Architectural Coatings 17,678
Reformulation - Industrial Adhesives 1,793
Reformulation-Process Modification - Automobile Refinishing 3,209
Reformulation-Process Modification - Cold Cleaning 1,600
Reformulation-Process Modification - Cutback Asphalt 817
Reformulation-Process Modification - Surface Coating 3,571
Solvent Recovery System - Printing/Publishing 31
Wastewater Treatment Controls- POTWs 217

Table 4A-9. NOx Control Measures Applied in the 65 ppb Alternative Standard Analysis

Reductions
NOx Control Measure (tons/yr)

Adjust Air to Fuel Ratio and Ignition Retard - Gas Fired IC Engines 27,057
Biosolid Injection Technology - Cement Kilns 6,423
Episodic Ban - Open Burning 4,423
Ignition Retard - IC Engines 761
Low Emission Combustion - Gas Fired Lean Burn IC Engines 174,033
Low NOx Burner - Coal Cleaning 518
Low NOx Burner - Commercial/Institutional Boilers & IC Engines 40,691
Low NOx Burner - Industr/Commercial/Institutional (ICI) Boilers 4,226
Low NOx Burner - Industrial Combustion 1,578
Low NOx Burner - Lime Kilns 5,273
Low NOx Burner - Miscellaneous Sources 21
Low NOx Burner - Natural Gas-Fired Turbines 26,982
Low NOx Burner - Residential Furnaces 16,660
Low NOx Burner - Residential Water Heaters & Space Heaters 57,314
Low NOx Burner - Steel Foundry Furnaces 294
Low NOx Burner - Surface Coating Ovens 26
Low NOx Burner and Flue Gas Recirculation - Coke Oven/Blast Furnace 420
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Reductions

NOx Control Measure (tons/yr)
Low NOx Burner and Flue Gas Recirculation - Iron & Steel Mills - Reheating 892
Low NOx Burner and Over Fire Air - Utility Boilers 333
Low NOx Burner and SCR - Coal-Fired ICI Boilers 30,790
Low NOx Burner and SCR - Industr/Commercial/Institutional Boilers 37,948
Low NOx Burner and SNCR - Industr/Commercial/Institutional Boilers 263
Low Sulfur Fuel - Miscellaneous 3,194
Natural Gas Reburn - Natural Gas-Fired EGU Boilers 480
Nonroad Diesel Retrofits & Engine Rebuilds - e.g., Construction Equipment 12,863
Non-Selective Catalytic Reduction (NSCR) - 4 Cycle Rich Burn IC Engines 323,763
Non-Selective Catalytic Reduction (NSCR) - Nitric Acid Mfg 927
OXY-Firing - Glass Manufacturing 29,546
SCR and Flue Gas Recirculation - Fluid Catalytic Cracking Units 185
SCR and Flue Gas Recirculation - ICI Boilers 318
SCR and Flue Gas Recirculation - Process Heaters 548
Selective Catalytic Reduction (SCR) - Ammonia Mfg 5,151
Selective Catalytic Reduction (SCR) - Cement Kilns 36,013
Selective Catalytic Reduction (SCR) - Fluid Catalytic Cracking Units 4,108
Selective Catalytic Reduction (SCR) - IC Engines, Diesel 8,905
Selective Catalytic Reduction (SCR) - ICI Boilers 18,284
Selective Catalytic Reduction (SCR) - Industrial Combustion 4,428
Selective Catalytic Reduction (SCR) - Industrial Incinerators 1,006
Selective Catalytic Reduction (SCR) - Iron Ore Processing 1,195
Selective Catalytic Reduction (SCR) - Petroleum Refinery Gas-Fired Process Heaters 7,691
Selective Catalytic Reduction (SCR) - Process Heaters 19
Selective Catalytic Reduction (SCR) - Sludge Incineration 9,007
Selective Catalytic Reduction (SCR) - Space Heaters 272
Selective Catalytic Reduction (SCR) - Utility Boilers 211,200
Selective Non-Catalytic Reduction (SNCR) - Coke Mfg 2,399
Selective Non-Catalytic Reduction (SNCR) - Comm./Inst. Incinerators 1,260
Selective Non-Catalytic Reduction (SNCR) - ICI Boilers 170
Selective Non-Catalytic Reduction (SNCR) - Industrial Combustion 69
Selective Non-Catalytic Reduction (SNCR) - Industrial Incinerators 1,502
Selective Non-Catalytic Reduction (SNCR) - Miscellaneous 132
Selective Non-Catalytic Reduction (SNCR) - Municipal Waste Combustors 1,351
Selective Non-Catalytic Reduction (SNCR) - Utility Boilers 329
Ultra-Low NOx Burner - Process Heaters 300
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Table 4A-10. VOC Control Measures Applied in the 65 ppb Alternative Standard Analysis

Reductions
VOC Control Measure (tons/yr)

Control of Fugitive Releases - Oil & Natural Gas Production 31
Control Technology Guidelines - Wood Furniture Surface Coating 1,928
Flare - Petroleum Flare 110
Gas Recovery - Municipal Solid Waste Landfill 332
Improved Work Practices, Material Substitution, Add-On Controls - Cleaning Solvents 245
Improved Work Practices, Material Substitution, Add-On Controls - Printing 564
Incineration - Other 379
Incineration - Surface Coating 25,785
Low VOC Adhesives and Improved Application Methods - Industrial Adhesives 223
Low-VOC Coatings and Add-On Controls - Surface Coating 1,267
LPV Relief Valve - Underground Tanks 7,317
Permanent Total Enclosure (PTE) - Surface Coating 1,554
Petroleum and Solvent Evaporation - Surface Coating Operations 159
RACT - Graphic Arts 5,988
Reduced Solvent Utilization - Surface Coating 2,796
Reformulation - Architectural Coatings 39,057
Reformulation - Industrial Adhesives 1,698
Reformulation-Process Modification - Automobile Refinishing 5,264
Reformulation-Process Modification - Cutback Asphalt 3,058
Reformulation-Process Modification - Surface Coating 6,913
Solvent Recovery System - Printing/Publishing 842
Solvent Substitution and Improved Application Methods - Fiberglass Boat Mfg 14
Wastewater Treatment Controls- POTWs 242

Table 4A-11. NOx Control Measures Applied in the 60 ppb Alternative Standard Analysis

Reductions
NOx Control Measure (tons/yr)

Adjust Air to Fuel Ratio and Ignition Retard - Gas Fired IC Engines 27,547
Biosolid Injection Technology - Cement Kilns 6,423
Episodic Ban - Open Burning 4,561
Ignition Retard - IC Engines 821
Low Emission Combustion - Gas Fired Lean Burn IC Engines 178,146
Low NOx Burner - Coal Cleaning 518
Low NOx Burner - Commercial/Institutional Boilers & IC Engines 40,876
Low NOx Burner - Industr/Commercial/Institutional (ICI) Boilers 4,319
Low NOx Burner - Industrial Combustion 1,578
Low NOx Burner - Lime Kilns 5,273
Low NOx Burner - Miscellaneous Sources 35
Low NOx Burner - Natural Gas-Fired Turbines 29,155
Low NOx Burner - Residential Furnaces 17,103
Low NOx Burner - Residential Water Heaters & Space Heaters 57,726
Low NOx Burner - Steel Foundry Furnaces 294

4A-10



Reductions

NOx Control Measure (tons/yr)
Low NOx Burner - Surface Coating Ovens 26
Low NOx Burner and Flue Gas Recirculation - Coke Oven/Blast Furnace 420
Low NOx Burner and Flue Gas Recirculation - Iron & Steel Mills - Reheating 892
Low NOx Burner and Over Fire Air - Utility Boilers 333
Low NOx Burner and SCR - Coal-Fired ICI Boilers 30,817
Low NOx Burner and SCR - Industr/Commercial/Institutional Boilers 38,350
Low NOx Burner and SNCR - Industr/Commercial/Institutional Boilers 263
Low Sulfur Fuel - Miscellaneous 3,194
Natural Gas Reburn - Natural Gas-Fired EGU Boilers 502
Nonroad Diesel Retrofits & Engine Rebuilds - e.g., Construction Equipment 12,863
Non-Selective Catalytic Reduction (NSCR) - 4 Cycle Rich Burn IC Engines 325,380
Non-Selective Catalytic Reduction (NSCR) - Nitric Acid Mfg 958
OXY-Firing - Glass Manufacturing 29,546
SCR and Flue Gas Recirculation - Fluid Catalytic Cracking Units 185
SCR and Flue Gas Recirculation - ICI Boilers 318
SCR and Flue Gas Recirculation - Process Heaters 548
Selective Catalytic Reduction (SCR) - Ammonia Mfg 5,151
Selective Catalytic Reduction (SCR) - Cement Kilns 36,013
Selective Catalytic Reduction (SCR) - Fluid Catalytic Cracking Units 4,135
Selective Catalytic Reduction (SCR) - IC Engines, Diesel 9,288
Selective Catalytic Reduction (SCR) - ICI Boilers 18,284
Selective Catalytic Reduction (SCR) - Industrial Combustion 4,428
Selective Catalytic Reduction (SCR) - Industrial Incinerators 1,006
Selective Catalytic Reduction (SCR) - Iron Ore Processing 1,195
Selective Catalytic Reduction (SCR) - Petroleum Refinery Gas-Fired Process Heaters 7,691
Selective Catalytic Reduction (SCR) - Process Heaters 19
Selective Catalytic Reduction (SCR) - Sludge Incineration 9,007
Selective Catalytic Reduction (SCR) - Space Heaters 335
Selective Catalytic Reduction (SCR) - Utility Boilers 236,736
Selective Non-Catalytic Reduction (SNCR) - Coke Mfg 2,399
Selective Non-Catalytic Reduction (SNCR) - Comm./Inst. Incinerators 1,260
Selective Non-Catalytic Reduction (SNCR) - ICI Boilers 170
Selective Non-Catalytic Reduction (SNCR) - Industrial Combustion 92
Selective Non-Catalytic Reduction (SNCR) - Industrial Incinerators 1,502
Selective Non-Catalytic Reduction (SNCR) - Miscellaneous 132
Selective Non-Catalytic Reduction (SNCR) - Municipal Waste Combustors 1,351
Selective Non-Catalytic Reduction (SNCR) - Utility Boilers 329
Ultra-Low NOx Burner - Process Heaters 300
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Table 4A-12. VOC Control Measures Applied in the 60 ppb Alternative Standard Analysis

Reductions
VOC Control Measure (tons/yr)

Control of Fugitive Releases - Oil & Natural Gas Production 33
Control Technology Guidelines - Wood Furniture Surface Coating 2,063
Flare - Petroleum Flare 110
Gas Recovery - Municipal Solid Waste Landfill 372
Improved Work Practices, Material Substitution, Add-On Controls - Cleaning Solvents 265
Improved Work Practices, Material Substitution, Add-On Controls - Printing 564
Incineration - Other 379
Incineration - Surface Coating 26,109
Low VOC Adhesives and Improved Application Methods - Industrial Adhesives 237
Low-VOC Coatings and Add-On Controls - Surface Coating 1,523
LPV Relief Valve - Underground Tanks 7,610
Permanent Total Enclosure (PTE) - Surface Coating 1,857
Petroleum and Solvent Evaporation - Surface Coating Operations 237
RACT - Graphic Arts 6,273
Reduced Solvent Utilization - Surface Coating 2,886
Reformulation - Architectural Coatings 40,866
Reformulation - Industrial Adhesives 1,698
Reformulation-Process Modification - Automobile Refinishing 5,633
Reformulation-Process Modification - Cutback Asphalt 3,571
Reformulation-Process Modification - Surface Coating 7,072
Solvent Recovery System - Printing/Publishing 888
Solvent Substitution and Improved Application Methods - Fiberglass Boat Mfg 14
Wastewater Treatment Controls- POTWs 242

4A.4 VOC Control Measures for Non-EGU Point Sources

VOC controls were applied to a number of non-EGU point sources. Some examples are
permanent total enclosures (PTE) applied to paper and web coating operations and fabric
operations, and incinerators or thermal oxidizers applied to wood products and marine surface
coating operations. A PTE confines VOC emissions to a particular area where they can be
destroyed or used in a way that limits emissions to the outside atmosphere, and an incinerator or
thermal oxidizer destroys VOC emissions through exposure to high temperatures (2,000 degrees
Fahrenheit or higher). Another control is petroleum and solvent evaporation applied to printing

and publishing sources as well as to surface coating operations.

4A.5 NOy Control Measures for Nonpoint (Area) and Nonroad Sources

The nonpoint source sector of the emissions inventory is composed of sources that are

generally too small and/or numerous to estimate emissions on an individual source basis (e.g.,
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dry cleaners, residential furnaces, woodstoves, fireplaces, backyard waste burning, etc). Instead,
we estimate their emissions for each county as a whole, often using an emissions factor that is

applied to a surrogate of activity such as population or number of houses.

Control measures for nonpoint sources are also applied at the county level, i.e., to the
county level emissions as a whole. Several control measures were applied to NOx emissions from
nonpoint sources. One is low NOx burner technology to reduce NOx emissions. This control is
applied to industrial oil, natural gas, and coal combustion sources. Other nonpoint source
controls include the installation of low-NOx space heaters and water heaters in commercial and
institutional sources, and episodic bans on open burning. The open burning control measure
applied to yard waste and land clearing debris. It consists of periodic daily bans on burning such
waste, as the predicted ozone levels indicate that such burning activities should be postponed.

This control measure is not applied to any prescribed burning activities.

Retrofitting diesel nonroad equipment can provide NOx and HC benefits. The retrofit

strategies included in the RIA nonroad retrofit measure are:

* Installation of emissions after-treatment devices called selective catalytic reduction

(“SCRS”)
* Rebuilding engines (“rebuild/upgrade kit™)

We chose to focus on these strategies due to their high NOx emissions reduction potential

and widespread application.
4A.6 VOC Control Measures for Nonpoint (Area) Sources

Some VOC controls for nonpoint sources are for the use of low or no VOC materials for
graphic art sources. Other controls involve the application of limits for adhesive and sealant
VOC content in wood furniture and solvent source categories. The OTC solvent cleaning rule
establishes hardware and operating requirements for specified vapor cleaning machines, as well
as solvent volatility limits and operating practices for cold cleaners. The Low Pressure/Vacuum
Relief Valve control measure is the addition of low pressure/vacuum (LP/V) relief valves to

gasoline storage tanks at service stations with Stage II control systems. LP/V relief valves
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prevent breathing emissions from gasoline storage tank vent pipes. Another control based on a
California South Coast Air Quality Management District (SCAQMD) establishes VOC content
limits for metal coatings along with application procedures and equipment requirements.
Switching to Emulsified Asphalts is a generic control measure replacing VOC-containing
cutback asphalt with VOC-free emulsified asphalt. The Reformulation control measures include

switching to and/or encouraging the use of low-VOC materials.
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CHAPTER 5: HUMAN HEALTH BENEFITS ANALYSIS APPROACH AND RESULTS

5.1 Synopsis

This chapter presents the estimated human health benefits for the proposed range of
National Ambient Air Quality Standards (NAAQS) for ozone. In this chapter, we quantify the
health-related benefits of the ozone air quality improvements resulting from the illustrative
emission control scenarios that reduce emissions of the ozone precursor pollutants nitrogen
oxides (NOx) and volatile organic compounds (VOCs) to reach the set of alternative ozone
NAAQS levels being considered. This chapter also estimates the health co-benefits of the fine
particulate matter (PMa2s)-related air quality improvements that would occur as a result of
reducing NOx emissions.*®> The EPA Administrator is proposing to revise the level of the
primary ozone standard to within a range of 65 to 70 ppb and is soliciting comment on
alternative standard levels below 65 ppb, and as low as 60 ppb. In the Regulatory Impact
Analysis (RIA) we analyze the following alternative standard levels: 70, 65 and 60 ppb.

We selected 2025 as the primary year of analysis because the Clean Air Act requires
most areas of the U.S. to meet a revised ozone standard by 2025. Benefits are estimated
incremental to attainment of the existing standard of 75 ppb. In estimating the incremental costs
and benefits of potential alternative standards, we recognize that there are several areas that the
Act does not require to meet the existing ozone standard of 75 ppb by 2025. The Clean Air Act
provides areas with more significant air quality problems with additional time to reach the
existing standard. Several areas in California are not expected to meet the existing standard by

2025 and may not be required to meet a revised standard until December 31, 2037.

We estimated the benefits of California attaining a revised standard in 2038 to account
for the fact that many locations in this state must attain a revised standard at a later date than the
rest of the U.S. We assume that projected nonattainment areas everywhere in the U.S. excluding
California will be designated such that they attain a revised standard by 2025, and we develop

our projected baseline emissions, air quality, and population estimates for 2025. We also assume

3 VOC reductions associated with simulated attainment of alternative ozone standards also have the potential to
impact PM, s concentrations, but we are not able to model those effects at this time.
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that the projected nonattainment areas in California will be designated such that they reach

attainment by approximately 2038.

We were not able to project baseline emissions and air quality levels beyond 2025 for
California for sectors other than mobile sources. We account for changes in mobile source
precursor emissions expected to occur between 2025 and 2030. While there is uncertainty about
the precise timing of emissions reductions and related costs for California, we assume costs
occur through 2038. We also model benefits for California accounting for population growth to
2038 (see section 5.6.1). Because we were unable to account for the change in emissions from
other sectors our projected baseline may under- or over-estimate the post-2025 ozone levels in
California. In this analysis, we refer to estimates of nationwide benefits of attaining an

alternative standard everywhere in the U.S. except California as the 2025 scenario. The post-

2025 scenario refers to estimates of nationwide benefits of attaining an alternative standard just

in California.

Because we estimate incremental costs and benefits for these two distinct scenarios
reflecting attainment in different years, it is not appropriate to either sum, or directly compare,
the estimates. Consequently, in presenting both incidence and dollar benefit estimates in this
chapter, we present and discuss the 2025 scenario and post-2025 scenario in separate sections

(see sections 5.7.1 and 5.7.2, respectively).

Benefits estimated for the 2025 and post-2025 scenarios are relative to an analytical
baseline in which the nation attains the current primary ozone standard (i.e., 4™ highest daily
maximum 8-hour ozone concentration of 75 ppb) and incorporates promulgated national
regulations and illustrative emission controls to simulate attainment with 75 ppb. Table 5-1
summarizes the estimated monetized benefits (total and ozone only) of attaining alternative
ozone standards of 70 ppb, 65 ppb, and 60 ppb for the 2025 scenario (i.e., nationwide benefits of
attaining everywhere in the U.S. but California). Table 5-2 presents the same types of benefit
estimates for the post-2025 scenario (i.e., nationwide benefits of attaining just in California).
These estimates reflect the sum of the economic value of estimated morbidity and mortality
effects related to changes in exposure to ozone and fine particulate matter (PMz.s). However, it is

important to emphasize that it is not appropriate to compare the ozone-only benefits to total
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costs. There are additional unquantified benefits which are described in Section 5.2. The
estimated benefits for attaining the proposed standards are incremental to the substantial benefits

estimated for several recent implementation rules (e.g., U.S. EPA, 2011e, 2014a).

Table 5-1. Estimated Monetized Benefits of Attainment of the Alternative Ozone Standards
for the 2025 Scenario (nationwide benefits of attaining each alternative standard
everywhere in the U.S. except California) — Full Attainment (billions of 20118§) ?

Discount

Rate 70 ppb 65 ppb 60 ppb
0,

Total Benefits 3% $6.9 to $14 +B $20 to $41 +B $37 to $75 +B

7% $6.4t0 $13 +B $19to $38 +B $34 to $70 +B
Ozone-only Benefits (range
reflects Smith et al., 2009 and b
Zanobetti and Schwartz, 2008) $2.0 to $3.4 +B $6.4 to $11 +B $12 to $20 +B
PM: .5 Co-benefits (range reflects 3% $4.8to $11 $14 to $31 $25 to $56
Krewski et al., 2009 and Lepeule
et al., 2012) 7% $4.3 to $9.7 $12 to $28 $22 to $50

2 Rounded to two significant figures. It was not possible to quantify all benefits in this analysis due to data
limitations. “B” is the sum of all unquantified health and welfare benefits. These estimates reflect the economic
value of avoided morbidities and premature deaths using risk coefficients from the studies noted.

® Ozone-only benefits reflect short-term exposure impacts and as such are assumed to occur in the same year as
ambient ozone reductions. Consequently, social discounting is not applied to the benefits for this category.

Table 5-2. Estimated Monetized Benefits of Attainment of the Alternative Ozone Standards
for the Post-2025 Scenario (nationwide benefits of attaining each alternative
standard just in California) — Full Attainment (billions of 20118§) ?

Discount
Rate 70 ppb 65 ppb 60 ppb

Total Benefits 3% $1.1t0 $2.0+B $2.3t0$4.2+B $3.410%6.2+B

7% $1.1t0 $2.0+B $2.2t0 $4.1 +B $3.21t0$5.9+B
Ozone-only Benefits (range reflects
Smith et al., 2009 and Zanobetti and b
Schwartz, 2008) $0.66 to $1.1 $1.4t0 $2.4 $2.1t0 $3.6
PM. s Co-benefits (range reflects 3% $0.42 to $0.95 $0.83 to $1.9 $1.1t0 $2.6
Krewski et al., 2009 and Lepeule et
al., 2012) 7% $0.38 to $0.86 $0.75 to $1.7 $1.0to0 $2.3

2 Rounded to two significant figures. It was not possible to quantify all benefits in this analysis due to data
limitations. “B” is the sum of all unquantified health and welfare benefits. These estimates reflect the economic
value of avoided morbidities and premature deaths using risk coefficients from the studies noted.

® Ozone-only benefits reflect short-term exposure impacts and as such are assumed to occur in the same year as
ambient ozone reductions. Consequently, social discounting is not applied to the benefits for this category.

In addition to ozone and PM2.s5 benefits, implementing emissions controls to reach some

of the alternative ozone standards would reduce other ambient pollutants, such as VOCs and
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NO:z. However, because the method used in this analysis to simulate attainment does not account
for changes in ambient concentrations of other pollutants, we were not able to quantify the co-
benefits of reduced exposure to these pollutants. In addition, due to data and methodology
limitations, we were unable to estimate some anticipated health benefits associated with

exposure to ozone and PMzs.

5.2 Overview

This chapter presents estimated health benefits for three alternative ozone standards (70,
65 and 60ppb) that the EPA could quantify, given the available resources, data and methods.
Separate set of benefits are presented for the 2025 scenario, representing nationwide benefits of
attaining an alternative standard everywhere in the U.S. but California in 2025 and the post-2025

scenario, representing nationwide benefits of attaining an alternative standard just in California

in 2037. This chapter characterizes the benefits of implementing new ozone standards by

answering three key questions:

1. What health effects are avoided by reducing ambient ozone levels to attain a
revised ozone standard?

2. What is the economic value of these effects?

3. What are the co-benefits of reductions in ambient PM2 s associated with
reductions in emissions of ozone precursors (specifically NOx)?

In this analysis, we quantify an array of adverse health impacts attributable to ozone and
PM2s. The Integrated Science Assessment for Ozone and Related Photochemical Oxidants
(“ozone ISA”) (U.S. EPA, 2013a) identifies the human health effects associated with ozone
exposure, which include premature death and a variety of illnesses associated with acute (days-
long) and chronic (months to years-long) exposures. Similarly, the Integrated Science
Assessment for Particulate Matter (“PM ISA”) (U.S. EPA, 2009b) identifies the human health
effects associated with ambient particles, which include premature death and a variety of
illnesses associated with acute and chronic exposures. Air pollution can affect human health in a
variety of ways, and in Table 5-3 we summarize the “categories” of effects and describe those
that we could quantify in our “core” benefits estimates and those we were unable to quantify

because we lacked the data, time or techniques.
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This list of unquantified benefit categories is not exhaustive and we are not always able
to quantify each effect completely. Endpoints that the ozone and PM ISAs classified as causal or
likely causal we quantified with confidence. We excluded from quantification effects not
identified as having at least a causal or likely causal relationship with the affected pollutants.
Selecting endpoints in this way should not imply that these pollutants are unrelated to other
human health and environmental effects. Following this criterion, we excluded some effects that
were identified in previous lists of unquantified benefits in other RIAs (e.g., UVb exposure), but
are not identified in the most recent ISA as having a causal or likely causal relationship with
ozone. In designing this benefits analysis, including the identification of endpoints to include in
the core estimate, we also considered the design of the Health Risk and Exposure Assessment
(HREA) completed as part of this ozone NAAQS review (USEPA, 2014b). The design and
implementation of the HREA was subjected to rigorous peer review by the Science Advisory
Board’s (SAB’s) Clean Air Scientific Advisory Committee (CASAC) with the results of that
review being presented in letter form (Frey, and Samet 2012 for the first draft and Frey, 2014 for
the second draft of the HREA). The overall design of the HREA, including the health endpoints
selected for modeling was supported by the CASAC.**

This benefits analysis relies on an array of data inputs—including emissions estimates,
modeled ozone air quality, health impact functions and valuation estimates among others—
which are themselves subject to uncertainty and may in turn contribute to the overall uncertainty
in this analysis. We employ several techniques to characterize this uncertainty, which are

described in detail in sections 5.5 and 5.7.3.

Table 5-3. Human Health Effects of Pollutants Potentially Affected by Strategies to Attain
the Primary Ozone Standards (endpoints included in the core analysis are identified
with a red checkmark)

Effect Has Effect Has
Benefits Category Specific Effect Been Been
Quantified Monetized

More
Information

Improved Human Health

34 The CASAC expressed their support for the overall design of the HREA, including endpoints selected and
epidemiological studies used in supplying the effect estimates used to model those endpoints (Samet and Frey, 2012,
p- 15 and Frey, 2014, p. 9).
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Benefits Category

Specific Effect

Effect Has
Been
Quantified

Effect Has
Been
Monetized

More
Information

Reduced incidence
of premature
mortality from
exposure to ozone

Premature mortality based on short-term
exposure (all ages)

Premature respiratory mortality based on
long-term exposure (age 30-99)

v

v

v

Reduced incidence
of morbidity from
exposure to ozone

Hospital admissions—respiratory causes
(age > 65)

Emergency department visits for asthma
(all ages)

Asthma exacerbation (age 6-18)

Minor restricted-activity days (age 18-65)
School absence days (age 5-17)
Decreased outdoor worker productivity
(age 18-65)

Other respiratory effects (e.g.,
medication use, pulmonary
inflammation, decrements in lung
functioning)

Cardiovascular (e.g., hospital admissions,
emergency department visits)
Reproductive and developmental effects
(e.g., reduced birthweight, restricted
fetal growth)

AN

S NN

<

S NN

Section 5.6

ozone ISA ¢

Reduced incidence
of premature
mortality from
exposure to PMy s

Adult premature mortality based on
cohort study estimates and expert
elicitation estimates (age >25 or age >30)
Infant mortality (age <1)

Reduced incidence
of morbidity from
exposure to PM; s

Non-fatal heart attacks (age > 18)
Hospital admissions—respiratory (all
ages)

Hospital admissions—cardiovascular (age
>20)

Emergency department visits for asthma
(all ages)

Acute bronchitis (age 8-12)

Lower respiratory symptoms (age 7-14)
Upper respiratory symptoms (asthmatics
age 9-11)

Asthma exacerbation (asthmatics age 6—
18)

Lost work days (age 18-65)

Minor restricted-activity days (age 18-65)
Chronic Bronchitis (age >26)

Emergency department visits for
cardiovascular effects (all ages)

Strokes and cerebrovascular disease (age
50-79)

Other cardiovascular effects (e.g., other
ages)

AN

AN

See section
5.6 and
Appendix 5D

PM ISA €



Effect Has Effect Has
Benefits Category Specific Effect Been Been
Quantified Monetized

More
Information

Other respiratory effects (e.g., pulmonary - —

function, non-asthma ER visits, non-

bronchitis chronic diseases, other ages

and populations)

Reproductive and developmental effects — —

(e.g., low birth weight, pre-term births,

etc.) PM ISA <¢
Cancer, mutagenicity, and genotoxicity - -

effects

Reduced incidence  Asthma hospital admissions (all ages) - —
of morbidity from Chronic lung disease hospital admissions - —
exposure to NO, (age > 65)
Respiratory emergency department visits — —
(all ages)
Asthma exacerbation (asthmatics age 4— — —
18)
Acute respiratory symptoms (age 7-14) - —
Premature mortality - —
Other respiratory effects (e.g., airway - —
hyperresponsiveness and inflammation, NO, ISA <@
lung function, other ages and
populations)

NO; ISA €

2 Due to concerns over translating incidence estimates into dollar benefits, for long-term ozone exposure-related
respiratory mortality, we included estimates of reduced incidence as part of the core analysis, but included
associated dollar benefits as a sensitivity analysis (see section 5.3).

b We are in the process of considering an update to the worker productivity analysis for ozone based on more recent
literature (see section 5.6.3.4). As noted in section 5.6.3.4 we are requesting public comment on the approach we
present for modeling this endpoint and will consider that input in determining whether to proceed with an updated
simulation of this endpoint.

¢ We assess these benefits qualitatively because we do not have sufficient confidence in available data or methods.
4 We assess these benefits qualitatively because current evidence is only suggestive of causality or there are other
significant concerns over the strength of the association.

¢ We assess these benefits qualitatively due to time and resource limitations for this analysis.

As described in Chapter 1 of this RIA, there are important differences worth noting in the
design and analytical objectives of NAAQS RIAs compared to RIAs for rules that implement
technology standards, such as Tier 3 (U.S. EPA, 2014a). The NAAQS RIAs illustrate the
potential costs and benefits of attaining a revised air quality standard nationwide. These analyses
simulate an array of strategies to reduce emissions at different sources and may model well-
established emission control technologies for sectors and emission controls for which the control
technology has not yet been developed (i.e., “unknown” controls). This type of RIA accounts for
existing regulations and controls needed to attain the current standards and so estimated benefits

and costs are incremental to attaining the current standard. In short, NAAQS RIAs hypothesize,



but do not predict, the emission reduction strategies that States may enact when implementing a
revised NAAQS. Setting a NAAQS does not result directly in costs or benefits. By contrast, the
emission reductions from implementation rules are generally for specific, well-characterized
sources, such as the recent MATS rule addressing emissions from coal and oil-fired electricity
generating units (U.S. EPA, 2011e). In general, the EPA is more confident in the magnitude and
location of the emission reductions for implementation rules. As such, emission reductions
achieved under promulgated implementation rules such as MATS have been reflected in the
baseline of this NAAQS analysis (the full set of rules reflected in baseline are presented in
section 3.1.3). Subsequent implementation rules will be reflected in the baseline for the next
ozone NAAQS review. For this reason, the benefits estimated provided in this RIA and all other

NAAQS RIAs should not be added to the benefits estimated for implementation rules.

5.3 Updated Methodology Presented in this RIA

The benefits analysis presented in this chapter incorporates an array of policy and
technical changes that the Agency has adopted since the previous review of the ozone standards
in 2008 and the proposed reconsideration in 2010. Below we note the aspects of this analysis that

differ from the reconsideration RIA (U.S. EPA, 2010d):

1. The population demographic data in BenMAP-CE (U.S. EPA, 2014d) reflects the 2010
Census and future projections based on economic forecasting models developed by
Woods and Poole, Inc. (Woods and Poole, 2012). These data replace the earlier
demographic projection data from Woods and Poole (2007). This update was introduced
in the final PM NAAQS RIA (U.S. EPA, 2012b).

2. The baseline incidence rates used to quantify air pollution-related hospital admissions
and emergency department visits and the asthma prevalence rates were updated to replace
the earlier rates. This update was introduced in the final CSAPR (U.S. EPA, 2011d).

3. We updated the median wage data in the cost-of-illness studies. This update was
introduced in the final PM NAAQS RIA (U.S. EPA, 2012b).

4. Updates for ozone-related effects:

a. Incorporated new mortality studies. We include two new multi-city studies to
estimate deaths attributable to short-term exposure for the core analysis (Smith et al.,
2009 and Zanobetti and Schwartz 2008). We also estimate long-term respiratory
deaths using Jerrett et al. (2009). While we believe the evidence supports including
long-term respiratory deaths in the core analysis, limitations in our ability to specify a
lag between exposure and the onset of death (i.e. the cessation lag that is required for
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valuing these deaths) prevents us from estimating dollar benefits in the core analysis.
Both the new short-term and long-term mortality studies were included in the HREA
completed in support of this NAAQS review with the overall design of that HREA
(including inclusion of these new studies) being subjected to rigorous review by
CASAC (Frey, and Samet 2012; Frey, 2014).

b. Incorporated new morbidity studies. The ozone ISA (U.S. EPA, 2013a) identifies
several new epidemiological studies examining the association between short-term
ozone exposure and respiratory hospitalizations, respiratory emergency department
visits, and exacerbated asthma. Upon carefully evaluating this new literature, we
added several new studies to our health impact assessment. Several of these studies
were also included in the HREA, which as noted earlier, underwent rigorous review
by CASAC.

c. Expanded uncertainty assessment. We added a comprehensive, qualitative assessment
of the various uncertain parameters and assumptions within the benefits analysis and
expanded the evaluation of air quality benchmarks for ozone-related mortality. We
introduce this expanded assessment in this RIA (see sections 5.5 and 5.7.3).

Updates for PM2 s-related effects

a. Incorporated new mortality studies. We updated the American Cancer Society cohort
study to Krewski et al. (2009) and updated the Harvard Six Cities cohort study to
Lepeule et al. (2012). The effect coefficient for Krewski et al. (2009) is identical to
the previous coefficient, and the Lepeule et al. (2012) is roughly similar to the
previous coefficient. Both studies show narrower confidence intervals. The update for
the American Cancer Society cohort was introduced in the proposal RIA for the PM
NAAQS review (U.S. EPA, 2012b) and the update for the Harvard Six Cities cohort
was introduced in the final RIA for the PM NAAQS review (U.S. EPA, 2012b).

b. Incorporated new morbidity studies. The epidemiological literature has produced
several recent studies examining the association between short-term PMa.5 exposure
and respiratory and cardiovascular hospitalizations, respiratory and cardiovascular
emergency department visits, and stroke. Upon careful evaluation of new literature in
the PM ISA and Provisional Assessment, we added several new studies and health
endpoints to our health impact assessment. These updates were introduced in the
proposal (U.S. EPA, 2012) and final RIAs for the PM NAAQS review (U.S. EPA,
2012b).

c. Updated the survival rates for non-fatal acute myocardial infarctions. Based on recent
data from Agency for Healthcare Research and Quality’s Healthcare Utilization
Project National Inpatient Sample database (AHRQ, 2009), we identified death rates
for adults hospitalized with acute myocardial infarction stratified by age. These rates
replaced the survival rates from Rosamond et al. (1999). This update was introduced
in the final RIA for the PM NAAQS review (U.S. EPA, 2012b).



d. Expanded uncertainty assessment. We clarified the comprehensive assessment of the
various uncertain parameters and assumptions within the benefits analysis and
expanded the evaluation of air quality benchmarks. This update was introduced in the
proposed CSAPR RIA (U.S. EPA, 2010g) and refined in the final PM NAAQS RIA
(U.S. EPA, 2012b).

Although the list above identifies the major changes implemented since the 2010 ozone
reconsideration RIA, the EPA has also updated several additional components of the benefits
analysis since the 2008 ozone NAAQS RIA (U.S. EPA, 2008a), which were reflected in the
reconsideration RIA. In the Portland Cement NESHAP proposal RIA (U.S. EPA, 2009a), the
Agency no longer assumed a concentration threshold in the concentration-response function for
PMas-related health effects and began estimating the benefits derived from the two major cohort
studies of PM2 s and mortality as the core benefits estimates, while still including a range of
sensitivity estimates based on the EPA’s PM2.s mortality expert elicitation. In the NO2 NAAQS
proposal RIA (U.S. EPA, 2009a), we revised the estimate used for the value-of-a-statistical life

to be consistent with Agency guidance.

5.4 Human Health Benefits Analysis Methods

We follow a “damage-function” approach in calculating total benefits of the modeled
changes in environmental quality.>® This approach estimates changes in individual health
endpoints (specific effects that can be associated with changes in air quality) and assigns values
to those changes assuming independence of the values for those individual endpoints. Total
benefits are calculated simply as the sum of the values for all non-overlapping health endpoints.
The “damage-function” approach is the standard method for assessing costs and benefits of
environmental quality programs and has been used in several recent published analyses (Levy et

al., 2009; Fann et al., 2012a; Tagaris et al., 2009).

To assess economic values in a damage-function framework, the changes in
environmental quality must be translated into effects on people or on the things that people
value. In some cases, the changes in environmental quality can be directly valued, as is the case

for changes in visibility. In other cases, such as for changes in ozone and PM, an impact analysis

35 The damage function approach is a more comprehensive method of estimating total benefits than the hedonic
price approach applied to housing prices, which requires homebuyers to be knowledgeable of the full magnitude
of health risks associated with their home purchase.
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must first be conducted to convert air quality changes into effects that can be assigned dollar
values. For the purposes of this RIA, the health impacts analysis (HIA) is limited to those health
effects that are directly linked to ambient levels of air pollution and specifically to those linked to

ozone and PMa2 .

We note at the outset that the EPA rarely has the time or resources to perform extensive
new research to measure directly either the health outcomes or their values for regulatory
analyses. Thus, similar to Kunzli et al. (2000) and other, more recent health impact analyses, our
estimates are based on the best available methods of benefits transfer. Benefits transfer is the
science and art of adapting primary research from similar contexts to obtain the most accurate
measure of benefits for the environmental quality change under analysis. Adjustments are made
for the level of environmental quality change, the socio-demographic and economic
characteristics of the affected population, and other factors to improve the accuracy and

robustness of benefits estimates.

Benefits estimates for ozone were generated using the damage function approach outlined
above wherein potential changes in ambient ozone levels (associated with future attainment of
alternative standard levels) were explicitly modeled and then translated into reductions in the
incidence of specific health endpoints. In generating ozone benefits estimates for the two
scenarios considered in the RIA (2025 and post-2025), we actually utilized three distinct benefits
simulations including one completed for 2025 and two completed for 2038. The way in which
these three benefits simulations were used to generate estimates for the two time periods reported

in the RIA (2025 and post-2035) is described in section 5.4.3.

In contrast to ozone, we used a benefit-per-ton (reduced form) approach in modeling PMa.s
co-benefits (see section 5.4.4 for additional detail). With this approach, we utilize the results of
previous benefits analysis simulations focusing on PM2:s to derive benefits-per-ton estimates for
NOx.* We then combine these dollar-per-ton estimates with projected reductions in NOx
associated with meeting a given alternative standard to project co-benefits associated with PMz:s.

We acknowledge increased uncertainty associated with the dollar-per-ton approach for PMa:s,

36 In addition to dollar-per-ton estimates for NOx, we also utilized incidence-per-ton values (also for NOx) for
specific health endpoints in order to generate incidence reduction estimates associated with the dollar benefits.



relative to explicitly modeling benefits using gridded PMa:s surfaces specific to the baseline and
alternative scenarios being considered in this review (see sections 5.4.4 and 5.7.3 and Appendix

5A, Table 5A-1 for additional discussion).

Sections 5.4.1 and 5.4.2 describe respectively, the underlying basis for the health and
economic valuation estimates. Section 5.4.3 describes the procedure used to combine the three
benefits simulations referenced above in order to generate benefits for the two time periods
considered in the RIA (2025 and post-2025). Finally, section 5.4.4 provides an overview of the
benefit-per-ton estimates used to estimate the PM2 s co-benefits from NOx emission reductions in

this RIA.

5.4.1 Health Impact Assessment

The health impact assessment (HIA) quantifies the changes in the incidence of adverse
health impacts resulting from changes in human exposure to PM2.s and ozone air quality. HIAs
are a well-established approach for estimating the retrospective or prospective change in adverse
health impacts expected to result from population-level changes in exposure to pollutants (Levy
et al., 2009). PC-based tools such as the environmental Benefits Mapping and Analysis Program
— Community Edition (BenMAP-CE) can systematize health impact analyses by applying a
database of key input parameters, including health impact functions and population projections—
provided that key input data are available, including air quality estimates and risk coefficients
(U.S. EPA, 2014d). Analysts have applied the HIA approach to estimate human health impacts
resulting from hypothetical changes in pollutant levels (Hubbell et al., 2005; Tagaris et al., 2009;
Fann et al., 2012a). The EPA and others have relied upon this method to predict future changes
in health impacts expected to result from the implementation of regulations affecting air quality
(e.g., U.S. EPA, 2014d). For this assessment, the HIA is limited to those health effects that are
directly linked to ambient ozone and PM2s concentrations. There may be other indirect health

impacts associated with implementing emissions controls, such as occupational health exposures.
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The HIA approach used in this analysis involves three basic steps: (1) utilizing
projections of ozone air quality®’ and estimating the change in the spatial distribution of the
ambient air quality; (2) determining the subsequent change in population-level exposure; (3)
calculating health impacts by applying concentration-response relationships drawn from the

epidemiological literature to this change in population exposure (Hubbell et al., 2009).

A typical health impact function might look as follows:
Ay =1—(ef2%)y,-Pop (5.1)

where yo is the baseline incidence rate for the health endpoint being quantified (for
example, a health impact function quantifying changes in mortality would use the baseline, or
background, mortality rate for the given population of interest); Pop is the population affected by
the change in air quality; Ax is the change in air quality; and B is the effect coefficient drawn

from the epidemiological study. Figure 5-1 provides a simplified overview of this approach.

37 Projections of ambient ozone concentrations for this analysis were generated by applying emissions reductions
described in chapters 3 and 4 to gridded surfaces of recent-year ozone concentrations. The full methodology
which incorporates information both from ambient measurements and from photochemical modeling simulations
is described in section 3.4.1 of this RIA.
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Figure 5-1. Illustration of BenMAP-CE Approach

5.4.2 Economic Valuation of Health Impacts

Mortality
Reduction

After quantifying the change in adverse health impacts, the final step is to estimate the

5-14

economic value of these avoided impacts. The appropriate economic value for a change in a
health effect depends on whether the health effect is viewed ex ante (before the effect has
occurred) or ex post (after the effect has occurred). Reductions in ambient concentrations of air
pollution generally lower the risk of future adverse health effects by a small amount for a large
population. The appropriate economic measure is therefore ex ante willingness to pay (WTP) for
changes in risk. Epidemiological studies generally provide estimates of the relative risks of a
particular health effect for a given increment of air pollution (often per 10 ppb ozone). These
relative risks can be used to develop risk coefficients that relate a unit reduction in ozone or
PM2s to changes in the incidence of a health effect. In order to value these changes in incidence,

WTP for changes in risk need to be converted into WTP per statistical incidence. This measure is




calculated by dividing individual WTP for a risk reduction by the related observed change in

risk.

For some health effects, such as hospital admissions, WTP estimates are generally not
available. In these cases, we use the costs of treating or mitigating the effect, which generally
understate the true value of reductions in risk of a health effect because they exclude the value of

avoided pain and suffering from the health effect.

We use the BenMAP-CE version 1.0.8 (U.S. EPA, 2014d) to estimate the health impacts
and monetized health benefits for the proposed standard range. Figure 5-2 shows the data inputs

and outputs for the BenMAP-CE program.®

Census Woods & Poole

Population Data \ 2025 Population / Population
Projections

Projections

Modeled Baseline
and Post-Control

Ambient Ozone
Ozone Incremental

Air Quality Change

Ozone Health Ba'ckground
Incidence and

Functions
\ Ozone-Related / Prevalence Rates
Health Impacts

Economic
Valuation

Functions
\ Monetized Ozone-

related Benefits

Blue identifies a user-selected input within the BenMAP-CE program
Green identifies a data input generated outside of the BenMAP-CE program

38 The environmental Benefits Mapping and Analysis Program—Community Edition (BenMAP-CE) is an open-
source PC-based tool that quantifies the number and economic value of air pollution-related deaths and illnesses. As
compared to the version that it replaces, BenMAP v4, the BenMAP-CE tool uses the same computational algorithms
and input data to calculate incidence counts and dollar values—for a given air quality change, both versions report
the same estimates, within rounding. BenMAP-CE differs from the legacy version of BenMAP in two important
ways: (1) it is open-source and the uncompiled code is available to the public; (2) it is written in C#, which is both
more broadly used and modern than the code it replaces (Delphi). BenMAP-CE was last used to support the Ozone
Health Risk and Exposure Assessment completed in support of the current review.
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Figure 5-2. Data Inputs and Outputs for the BenMAP-CE Program
5.4.3 Estimating Benefits for the 2025 and Post-2025 Scenarios

As described in section 5.1, we estimated benefit for two scenarios: 2025 and post-2025.
The need for these two distinct time periods reflects the fact that, while most of the U.S. will
have attained both the current and any alternative standard by 2025, there are portions of the
country with more significant air quality problems (including several areas in California) that
may not be required to meet an alternative standard until as late as December 31, 2037.
Consequently, for each alternative standard we model a 2025 scenario reflecting the nationwide
benefits of attaining that standard everywhere in the U.S. except California. We then model a
post-2025 scenario, which represents nationwide benefits from attaining that same standard in
California. Due to the temporal disconnect between these two scenarios, we do not attempt to
sum these two estimates, but instead present each estimate in separate sections of this document

(sections 5.7.1 and 5.7.2, respectively).

Our approach for estimating the benefits of attaining alternate ozone standards post-2025
is illustrated in Figure 5-3; in this figure, Simulation A represents our approach for estimating the
benefits of attaining alternate ozone standards in every state except California in 2025. We first
estimated the benefits occurring in 2038 from all areas (including California) attaining each
alternative standard (Simulation C). Next, we simulated the nationwide benefits of attaining each
alternate ozone standard in 2038 for every state except California (Simulation B). Subtracting
Simulation B from Simulation C calculates the benefits of attaining each alternate ozone
standard after 2025— that is, the nationwide benefits from California alone attaining the standard
in 2038. There are important caveats associated with this approach mentioned in Section 5.1 and

discussed further in section 5.7.3.

5-16



Procedure for Deriving 2025 and Post-2025 Benefits Estimates Using 2025 and 2037
Benefits Simulations

BenMAP Benefits Simulations

PA 2025 scenario: Nationwide benefits in 2025
! resulting from all areas in the U.S. attaining
' the alternative standard under consideration
) 70 ppb full ' excluding California (here 70ppb). This is
{iiCostysars 2025 attainment scenario 1 Simulation A

everywhere but CA

! Benefits year = 2025

' B

Benefits year = 2037
70 ppb full 1
attainment scenario 1 Post-2025 scenario: Nationwide benefits in
_everywhere but CA ' 2037 having California attain the
TR T— : alternative standard (here 70ppb). This is
C the difference between Simulation C and

| Costyear=2037

Simulation B

| Benefits year = 2037

Cost year = 2037 70 pph full attainment

scenario everywhere
including CA

Figure 5-3. Procedure for Generating Benefits Estimates for the 2025 and Post-2025
Scenarios

5.4.4 Benefit-per-ton Estimates for PM>.s

We used a “benefit-per-ton” approach to estimate the PMz.s co-benefits in this RIA. EPA
has applied this approach in several previous RIAs (e.g., U.S. EPA, 2014a). These benefit-per-
ton estimates provide the total monetized human health co-benefits (the sum of premature
mortality), of reducing one ton of NOx (as a PMas precursor) from a specified source.** In
general, these estimates apply the same benefits methods (e.g., health impact assessment then
economic valuation), which are described further below, for all PM2.s impacts attributable to a
sector, and these benefits are then divided by the tons of a PMz.s precursor (e.g., NOx) from that
sector. As discussed below, we acknowledge that this approach has greater uncertainty relative to

explicitly modeling benefits for PM2 s based on application of gridded surfaces specifically

39 In generating these estimates, we first use incidence-per-ton values to generate estimates of reductions in
morbidity and mortality incidence for core endpoints (see Table 5-3). Then in estimating dollar values associated
with these reductions in incidence, we use dollar-per-ton values for mortality only, noting that this is likely to
provide coverage for upwards of 97% of the total dollar benefits (i.e., morbidity endpoints provide less than 3% of
total benefits — see RIA from last PM review, USEPA, 2012, Table 5-19).
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generated for the baseline and alternative standard levels being considered in this ozone NAAQS
review. However, resource and time constraints prevented us from completing detailed PM2 s

modeling as part of this review.

We used a method to calculate the regional benefit-per-ton estimates that is a slightly
modified version of the national benefit-per-ton estimates described in the TSD: Estimating the
Benefit per Ton of Reducing PMa.s Precursors from 17 Sectors (U.S. EPA, 2013b). The national
estimates used in this NAAQS review were derived using the approach published in Fann et al.
(2012c), but they have since been updated to reflect the epidemiology studies and Census
population data first applied in the final PM NAAQS RIA (U.S. EPA, 2012b). The approach in
Fann et al. (2012c¢) is similar to the work previously published by Fann et al. (2009), but the
newer study includes improvements that provide more refined estimates of PM2 s-related health
benefits for emissions reductions in the various sectors. Specifically, the air quality modeling
data reflect industrial sectors that are more narrowly defined. In addition, the updated air quality
modeling data reflects more recent emissions data -- a 2005 baseline projected to 2016 rather
than 2001 baseline projected to 2015 -- and has higher spatial resolution (12 km rather than 36
km grid cells).*°

In Section 5.6 below, we describe all of the data inputs used in deriving the dollar-per-ton
values for each sector, including the demographic data, baseline incidence, and valuation
functions. The specification of effect estimates (including selection of epidemiology studies)
used in the derivation of the benefit-per-ton values for PM2:s is described in detail in Appendix
5D. The benefit-per-ton estimates (by sector) that resulted from this modeling as well as the NOx
reductions for each alternative standard level used in generating the PM2 s cobenefit estimates are
presented in Appendix SE. Additional information on the source apportionment modeling for

each of the sectors can be found in Fann et al. (2012¢) and the TSD (U.S. EPA, 2013b).

40 Sector-level estimates of PM, 5 are modeled using CAMX version 5.30. Specifically, the particulate source
apportionment technology (PSAT) incorporated into CAMx generates estimates of the contribution from specific
emission source groups to primary emitted and secondarily formed PM, 5, PSAT uses reactive tracers in generating
these fractional estimates in order to capture nonlinear formation and removal processes related to PM s.
Contributions from each sector are modeled at the 12km level, while boundary conditions are represented using a
36km grid resolution (additional detail on modeling can be found in Fann et al., 2012)
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Specifically for this analysis, we applied the benefit-per-ton estimates for 2025 and 2030 in
generating PM2 s co-benefit estimates for the 2025 and post-2025 time periods, respectively (both

sets of benefit-per-ton estimates are presented in Appendix SE).*!

As discussed in greater detail in section 5.7.3 and Appendix 5A, Table 5A-1, we recognize
uncertainty associated with application of the benefit-per-ton approach used in modeling PM2.s
cobenefits. The benefit-per-ton estimates used here reflect specific geographic patterns of
emissions reductions and specific air quality and benefits modeling assumptions associated with
the derivation of those estimates. Consequently, these estimates may not reflect local variability
in factors associated with PMa.s-realted health impacts (e.g., population density, baseline health
incidence rates) since air quality modeling that could have shed light on local conditions was not
performed for this RIA. Therefore, use of these benefit-per-ton values to estimate co-benefits
may lead to higher or lower benefit estimates than if co-benefits were calculated based on direct

air quality modeling.

5.5 Characterizing Uncertainty

In any complex analysis using estimated parameters and inputs from numerous models,
there are likely to be many sources of uncertainty. This analysis is no exception. As outlined both
in this and preceding chapters, this analysis includes many data sources as inputs, including
emission inventories, air quality data from models (with their associated parameters and inputs),
population data, population estimates, health effect estimates from epidemiology studies,
economic data for monetizing benefits, and assumptions regarding the future state of the world
(i.e., regulations, technology, and human behavior). Each of these inputs may be uncertain and
would affect the benefits estimate. When the uncertainties from each stage of the analysis are

compounded, even small uncertainties can have large effects on the total quantified benefits.

After reviewing the EPA’s approach, the National Research Council (NRC) (2002, 2008),
which is part of the National Academies of Science, concluded that the EPA’s general
methodology for calculating the benefits of reducing air pollution is reasonable and informative

in spite of inherent uncertainties. The NRC also highlighted the need to conduct rigorous

4I'We do not have benefit-per-ton estimates for 2038. The last year available is 2030, which is an underestimate of
the 2038 benefits because the population grows and ages over time.
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quantitative analyses of uncertainty and to present benefits estimates to decision makers in ways
that foster an appropriate appreciation of their inherent uncertainty. Since the publication of these
reports, the EPA has continued work to improve the characterization of uncertainty in both
health incidence and benefits estimates. In response to these recommendations, we have
expanded our previous analyses to incorporate additional quantitative and qualitative
characterizations of uncertainty. Although we have not yet been able to make as much progress
towards a full, probabilistic uncertainty assessment as envisioned by the NAS as we had hoped,
we have added a number of additional quantitative and qualitative analyses to highlight the
impact that uncertain assumptions may have on the benefits estimates. These additional analyses
focus primarily on uncertainty related to the mortality endpoint (for both ozone and PMa2.s) since
mortality is the driver for dollar benefits. In addition, for some inputs into the benefits analysis,
such as the air quality data, it is difficult to address uncertainty probabilistically due to the
complexity of the underlying air quality models and emission inputs. Therefore, we decline to
construct alternative assumptions simply for the purpose of probabilistic uncertainty

characterization when there is no scientific literature to support those alternate assumptions.

To characterize uncertainty and variability, we follow an approach that combines
elements from two recent analyses by the EPA (U.S. EPA, 2010b; 2011b), and uses a tiered
approach developed by the World Health Organization (WHO) for characterizing uncertainty
(WHO, 2008). We present this tiered assessment as well as an assessment of the potential impact
and magnitude of each aspect of uncertainty in Appendix 5A (results of these assessments are
summarized in section 5.7.3). Data limitations prevent us from treating each source of
uncertainty quantitatively and from reaching a full-probabilistic simulation of our results, but we
were able to consider the influence of uncertainty in the risk coefficients and economic valuation

functions by incorporating several quantitative analyses described in more detail below:

1. A Monte Carlo assessment that accounts for random sampling error and between study
variability in the epidemiological and economic valuation studies for ozone-related health
effects. See section 5.5.1 for additional detail on the Monte Carlo assessment.

2. A series of sensitivity analyses primarily focused on the mortality endpoint (for both
ozone and PM2.s). We focus on mortality in conducting sensitivity analyses reflecting the
important role that this endpoint plays in driving both ozone-related and PM2.5 (co-
benefit) related dollar benefits. These sensitivity analyses address factors related to (a)
estimating incidence (e.g., multiple epidemiology studies providing alternative effect
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estimates, shape of the C-R function including potential for thresholds) and (b) estimating
associated dollar benefits (e.g., income elasticity related to willingness to pay functions
and uncertainty in specifying lag structures for long-term exposure-related mortality). See
section 5.5.2 for additional detail on the set of sensitivity analyses completed for this
RIA.

3. Supplemental analyses which allow us to consider additional factors related to the
benefits analysis. These include an assessment of the age-related differentiation of short-
term ozone exposure-related mortality (including life year saved and how estimates of
avoided mortality are distributed across age ranges). In addition, we also looked at the
relationship between estimates of mortality and the underlying baseline ambient air levels
used in their derivation. These analyses allow us to consider which range of baseline
levels drive the benefits estimates. Finally, we considered the fraction of benefit estimates
(for the 2025 scenario) which are associated with application of (higher-confidence)
known emissions controls. See section 5.5.3 for additional detail on the supplemental
analyses completed for this RIA.

5.5.1 Monte Carlo Assessment

Similar to other recent RIAs, we used Monte Carlo methods for characterizing random
sampling error associated with the concentration response functions from epidemiological
studies and random effects modeling to characterize both sampling error and variability across
the economic valuation functions. The Monte Carlo simulation in the BenMAP-CE software
randomly samples from a distribution of incidence and valuation estimates to characterize the
effects of uncertainty on output variables. Specifically, we used Monte Carlo methods to
generate confidence intervals around the estimated health impact and monetized benefits. The
reported standard errors in the epidemiological studies determined the distributions for individual
effect estimates for endpoints estimated using a single study. For endpoints estimated using a
pooled estimate of multiple studies, the confidence intervals reflect both the standard errors and
the variance across studies. The confidence intervals around the monetized benefits incorporate
the epidemiology standard errors as well as the distribution of the valuation function. These
confidence intervals do not reflect other sources of uncertainty inherent within the estimates,
such as baseline incidence rates, populations exposed and transferability of the effect estimate to
diverse locations. As a result, the reported confidence intervals and range of estimates give an

incomplete picture about the overall uncertainty in the benefits estimates.
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In this RIA, we provide confidence intervals for ozone-related benefits, but we are unable

to provide confidence intervals for PMz s-related co-benefits due to the use of benefit-per-ton

estimates.

5.5.2  Sensitivity Analysis Addressing Both Incidence and Dollar Benefit Valuation

We assign the greatest economic value to the reduction in mortality risk. Therefore, it is

particularly important to characterize to a reasonable extent the uncertainties associated with

reductions in premature mortality, including both incidence estimation and the translation of

reduced mortality into equivalent dollar benefits. Each of the sensitivity analyses completed for

this RIA are briefly described below. The reader is referred to section 5.7.3.1 for discussion of

the results and observations stemming from these sensitivity analyses.

Alternative C-R functions for short-term ozone exposure-related mortality:
Alternative concentration-response functions are useful for assessing uncertainty beyond
random statistical error, including uncertainty in the functional form of the model or
alternative study designs. For 0zone we have included two multi-city studies (Smith et
al., 2009 and Zanobetti and Schwartz 2008) in our core estimate of the range for short-
term exposure-related mortality. For the sensitivity analysis addressing this endpoint, we
have included additional multi-city and meta-analysis studies utilized in RIAs completed
for previous ozone NAAQS reviews (Bell et al., 2004 and 2005, Huang, 2005, Ito et al.,
2005 and Levy et al., 2005), as well as alternative model specifications from the Smith et
al (2009) study. The selection of studies for the core and sensitivity analyses, reflects
consideration for recommendations made both by the NAS in relation to modeling ozone
benefits (p. 80, NRC, 2008) and the CASAC in their review of the HREA completed in
support of this ozone NAAQS review. We also considered information and
recommendations provided in the latest ozone ISA. Additional detail on the selection and
use of studies in modeling short-term exposure-related mortality for the core analysis is
presented in section 5.6.3.1.

Impact of potential thresholds on the modeling of long-term ozone exposure-related
respiratory mortality: Consistent with the HREA, we estimate counts of respiratory
deaths from long-term exposure to ozone in our core analysis. As discussed in detail in
section 5.6.3.1, the Jerrett et al., 2009 study from which the mortality effect estimate was
derived included an exploration of potential thresholds in the concentration-response
function. To provide a more comprehensive picture of potential benefits associated with
long term ozone exposures, we use the results of the threshold analysis conducted by
Jerrett et al, 2009 to conduct a sensitivity analysis evaluating models with a range of
potential thresholds in addition to a non-threshold model (see section 5.7.3.1 and
Appendix 5B, section 5B.1).
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Considering alternative C-R functions in estimating long-term PM; s exposure-
related mortality: In modeling co-benefits related to reductions in long-term exposure to
PM2 s, our dollar-per-ton approach relies on estimates based on two studies (Krewski et
al., 2009 and Lepeule et al., 2012 — see Appendix 5D, section 5D.1). To better understand
the concentration-response relationship between PMz s exposure and premature mortality,
the EPA conducted an expert elicitation in 2006 (Roman et al., 2008; IEc, 2006).** In
general, the results of the expert elicitation support the conclusion that the benefits of
PMa2s control are very likely to be substantial. Using alternate relationships between
PM: 5 and premature mortality supplied by experts, higher and lower benefits estimates
are plausible, but most of the expert-based estimates of the mean PMa.s effect on
mortality fall between the two epidemiology-based estimates (Roman et al., 2008).
Application of the expert elicitation-based effect estimates (as part of characterizing
uncertainty) is covered in section 5.7.3.1 and Appendix 5B, section 5B.2. In addition to
these studies, we have included a discussion of other recent multi-state cohort studies
conducted in North America, but we have not estimated benefits using the effect
coefficients from these studies (see Appendix 5D, section 5D.1).

Specifying the cessation lag for long-term PM: s exposure-related respiratory
mortality: As discussed in section 5.1 and 5.6.4.1, uncertainty in projecting the cessation
lag for long-term PMa.s exposure-related respiratory mortality prevents us from
estimating dollar benefits associated with projected reductions in mortality. In the
absence of clear evidence pointing to a particular lag structure, we have decided to use
two lag structures (the 20 year segmented lag used for PM2.s and an assumption of zero
lag — see section 5.6.4.1). The range of dollar benefits that result have been included as
sensitivity analyses and not in the core analysis.

Income elasticity in the specification of willingness to pay (WTP) functions used for
mortality and morbidity endpoints: There is uncertainty in specifying the degree to
which the WTP function used in valuing mortality and some morbidity endpoints tracks
projected increase in income over time (i.e., the income elasticity for WTP). We
completed a sensitivity analysis to evaluate the potential impact of this factor on dollar
estimates generated for mortality (and a subset of morbidity endpoints — see section
5.6.4.1).

Even these multiple estimates (including confidence intervals in the case of estimates

generated for ozone) cannot account for the role of other input variables in contributing to
overall uncertainty, including emissions and air quality modeling, baseline incidence rates, and
population exposure estimates. Furthermore, the approach presented here does not yet include
methods for addressing correlation between input parameters and the identification of reasonable

upper and lower bounds for input distributions characterizing uncertainty in additional model

42 Expert elicitation is a formal, highly structured and well documented process whereby expert judgments, usually

of multiple experts, are obtained (Ayyub, 2002).
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elements. As a result, the reported confidence intervals and range of estimates give an
incomplete picture about the overall uncertainty in the estimates. Thus, confidence intervals
reported for individual endpoints and for total benefits should be interpreted within the context of

the larger uncertainty surrounding the entire analysis.

5.5.3  Supplemental Analyses

We have also conducted a number of supplemental analyses designed to provide
additional perspectives on the core mortality estimates generated for this RIA. These analyses

(the results of which are described in section 5.7.3.2) include:

e Age group-differentiated aspects of short-term ozone exposure-related mortality:
We examined several risk metrics intended to characterize how mortality risk reductions
are distributed across different age ranges. These include (a) estimated reduction in life
years lost, (b) distribution of mortality incidence reductions across age ranges and (c)
estimated reductions in baseline mortality incidence rates by age group.

e Analysis of baseline ozone levels used in modeling short-term ozone exposure-
related mortality: We assess the relationship between short-term exposure-related
mortality for ozone and the distribution of baseline (i.e., reflecting attainment of the
current standard) 8hr max daily values used in deriving those estimates (see section
5.7.3.2 and Appendix 5C, section 5C.2). This analysis allows us to explore how estimates
of ozone- attributable mortality are distributed with regard to projected ambient ozone
levels, including the fraction of overall mortality that falls within specific ozone ranges.
We note that, while the latest ozone ISA did not provide support for a threshold in
relation to short-term exposure-related mortality, it did note that there is reduced
confidence in specifying the nature of the concentration-response function at lower ozone
levels (in the range of 20ppb and below) (ozone ISA, U.S. EPA, 2013a, section 2.5.4.4).
We use the distribution of short-term mortality across ozone levels to determine the
fraction of mortality reductions (i.e., benefits) that fall within this lower confidence
range.*?

e Analysis of baseline PM> s levels used in modeling short-term ozone exposure-
related mortality: We also include a similar plot of the baseline annual PMz 5 levels used
in modeling long-term PMa2.s exposure-related mortality (see section 5.7.3.2 and
Appendix 5C, section 5C.2). However, we are using a reduced form dollar-per-ton

43 However, care must be taken in interpreting this range of reduced confidence since benefits estimates are based on
the average daily 8hr max across the ozone season and not on a true daily time series of 8hr metrics within each grid
cell. The use of a seasonal mean 8hr max (rather than the more temporally differentiated daily time series) has been
shown to generate nearly identical benefit estimates at the national-level due to underlying linearity in the benefits
model being used. However, the use of the seasonal average 8hr metric, rather than a full daily time series, does
decrease overall temporal variability in a plot of mortality versus ozone level which introduces uncertainty into the
interpretation of these plots.
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approach in modeling PM2 s cobenefits, we do not have spatially differentiated PMa.s
values (and associated mortality estimates) with which to derive this type of distributional
plot specifically for this RIA and consequently, we have reproduced a plot from the
earlier analysis used to generate the benefit-per-ton values.

e Fraction of core ozone and PM; 5 (cobenefit) estimates associated with application of
known emissions controls for the 2025 scenario: This analysis estimates the fraction of
core incidence and associated dollar benefits that are associated with application of the
set of known (higher confidence) emissions control measures. Note that this analysis is
only completed for the 2025 scenario since application of controls in California
(associated with the post-2025 scenario) exclusively involves application of unknown
controls.

5.5.4 Qualitative Assessment of Uncertainty and Other Analysis Limitations

Although we strive to incorporate as many quantitative assessments of uncertainty as
possible, there are several aspects we are only able to address qualitatively. These aspects are
important factors to consider when evaluating the relative benefits of the emission reduction

strategies for the proposed and alternative standards.

The total monetized benefits presented in this chapter are based on our interpretation of
the best available scientific literature and methods and supported by the EPA’s independent SAB
(Health Effects Subcommittee of the Advisory Council on Clean Air Compliance Analysis)
(SAB-HES) (U.S. EPA- SAB, 2010a) and the National Academies of Science (NAS) (NRC,

2002, 2008). The benefits estimates are subject to a number of assumptions and uncertainties.

To more fully address all these uncertainties including those we cannot quantify, we
apply a four-tiered approach using the WHO uncertainty framework (WHO, 2008), which
provides a means for systematically linking the characterization of uncertainty to the
sophistication of the underlying risk assessment. The EPA has applied similar approaches in
previous analyses (U.S. EPA, 2010b, 2011b, U.S. EPA, 2012a — the HREA). Using this
framework, we summarize the key uncertainties in the health benefits analysis, including our
assessment of the direction of potential bias, magnitude of impact on the monetized benefits,
degree of confidence in our analytical approach, and our ability to assess the source of
uncertainty. More information on this approach and the uncertainty characterization are available

in section 5.7.3 and Appendix 5A.
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As previously described, we strive to monetize as many of the benefits anticipated from
the proposed and alternative standards as possible given data and resource limitations, but the
monetized benefits estimated in this RIA inevitably only reflect a portion of the total health
benefits. Data and methodological limitations prevented the EPA from quantifying or monetizing
the benefits from several important health benefit categories from emission reduction strategies
to attain the alternative ozone standards analyzed in this RIA, including potential co-benefits
from reducing NO2 exposure (see section 5.6.3.6 for more information) and reductions in VOC

exposures.

5.6 Benefits Analysis Data Inputs

In Figure 5-2 above, we summarized the key data inputs to the health impact and
economic valuation estimate. Below we summarize the data sources for each of these inputs,
including demographic projections, incidence and prevalence rates, effect coefficients, and
economic valuation. We indicate where we have updated key data inputs since the benefits
analysis conducted for the 2008 ozone NAAQS RIA (U.S. EPA, 2008a) and the 2010 ozone
NAAQS Reconsideration RIA (U.S. EPA, 2010d).

5.6.1 Demographic Data

Quantified and monetized human health impacts depend on the demographic
characteristics of the population, including age, location, and income. We use population
projections based on economic forecasting models developed by Woods and Poole, Inc. (Woods
and Poole, 2012). The Woods and Poole (WP) database contains county-level projections of
population by age, sex, and race out to 2040, relative to a baseline using the 2010 Census data;
the 2008 proposal RIA incorporated WP projections relative to a baseline using 2000 Census
data. Projections in each county are determined simultaneously with every other county in the
United States to take into account patterns of economic growth and migration. The sum of
growth in county-level populations is constrained to equal a previously determined national
population growth, based on Bureau of Census estimates (Hollman et al., 2000). According to
WP, linking county-level growth projections together and constraining to a national-level total
growth avoids potential errors introduced by forecasting each county independently. County

projections are developed in a four-stage process:
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e First, national-level variables such as income, employment, and populations are
forecasted.

e Second, employment projections are made for 179 economic areas defined by the Bureau
of Economic Analysis (U.S. BEA, 2004), using an “export-base” approach, which relies
on linking industrial-sector production of non-locally consumed production items, such
as outputs from mining, agriculture, and manufacturing with the national economy. The
export-based approach requires estimation of demand equations or calculation of
historical growth rates for output and employment by sector.

e Third, population is projected for each economic area based on net migration rates
derived from employment opportunities and following a cohort-component method based
on fertility and mortality in each area.

e Fourth, employment and population projections are repeated for counties, using the
economic region totals as bounds. The age, sex, and race distributions for each region or
county are determined by aging the population by single year of age by sex and race for
each year through 2040 based on historical rates of mortality, fertility, and migration.

5.6.2 Baseline Incidence and Prevalence Estimates

Epidemiological studies of the association between pollution levels and adverse health
effects generally provide a direct estimate of the relationship of air quality changes to the relative
risk of a health effect, rather than estimating the absolute number of avoided cases. For example,
a typical result might be that a 5 ppb decrease in 8hr max daily ozone levels might be associated
with a decrease in hospital admissions of three percent. The baseline incidence of the health
effect is necessary to convert this relative change into a number of cases. A baseline incidence
rate is the estimate of the number of cases of the health effect per year in the assessment location,
as it corresponds to baseline pollutant levels in that location. To derive the total baseline
incidence per year, this rate must be multiplied by the corresponding population number. For
example, if the baseline incidence rate is the number of cases per year per million people, that

number must be multiplied by the millions of people in the total population.

Table 5-4 summarizes the sources of baseline incidence rates and provides average
incidence rates for the endpoints included in the analysis. For both baseline incidence and
prevalence data, we used age-specific rates where available. We applied concentration-response
functions to individual age groups and then summed over the relevant age range to provide an
estimate of total population benefits. In most cases, we used a single national incidence rate, due

to a lack of more spatially disaggregated data. Whenever possible, the national rates used are
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national averages, because these data are most applicable to a national assessment of benefits.
For some studies, however, the only available incidence information comes from the studies
themselves; in these cases, incidence in the study population is assumed to represent typical
incidence at the national level. County, state and regional incidence rates are available for

hospital admissions, and county-level data are available for premature mortality.

We projected mortality rates such that future mortality rates are consistent with our
projections of population growth (Abt Associates, 2012). To perform this calculation, we began
first with an average of 2004—2006 cause-specific mortality rates. Using Census Bureau
projected national-level annual mortality rates stratified by age range, we projected these
mortality rates to 2050 in 5-year increments (Abt Associates, 2012; U.S. Bureau of the Census
2002).

The baseline incidence rates for hospital admissions and emergency department visits
reflect the updated rates first applied in the CSAPR RIA (U.S. EPA, 2011d). In addition, we
have updated the baseline incidence rates for acute myocardial infarction. These updated rates
(AHRQ, 2007) provide a better representation of the rates at which populations of different ages,
and in different locations, visit the hospital and emergency department for air pollution-related
illnesses. Also, the new baseline incidence rates are more spatially refined. For many locations
within the U.S., these data are resolved at the county- or state-level, providing a better
characterization of the geographic distribution of hospital and emergency department visits than
the previous national rates. Lastly, these rates reflect unscheduled hospital admissions only,
which represents a conservative assumption that most air pollution-related visits are likely to be
unscheduled. If air pollution-related hospital admissions are scheduled, this assumption would

underestimate these benefits.

For the set of endpoints affecting the asthmatic population, in addition to baseline
incidence rates, prevalence rates of asthma in the population are needed to define the applicable
population. Table 5-5 lists the prevalence rates used to determine the applicable population for
asthma symptoms. Note that these reflect current asthma prevalence and assume no change in

prevalence rates in future years. We updated these rates in the CSAPR RIA (U.S. EPA, 2011d).
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Table 5-4. Baseline Incidence Rates and Population Prevalence Rates for Use in Impact
Functions, General Population

Rates
Endpoint Parameter Value Source
Mortality Daily or annual mortality Age-, cause-, and CDC WONDER (2004-2006)

Hospitalizations

ER Visits

Nonfatal Myocardial
Infarction (heart
attacks)

Asthma Exacerbations

Acute Bronchitis

Lower Respiratory
Symptoms

Upper Respiratory
Symptoms

Work Loss Days

School Loss Days

Minor Restricted-
Activity Days

rate projected to 2025 @

Daily hospitalization rate

Daily ER visit rate for asthma
and cardiovascular events

county-specific rate
Age-, region-, state-,
county- and cause-
specific rate

Age-, region-, state-,
county- and cause-
specific rate

Daily nonfatal myocardial
person, 18+ rate

Incidence among asthmatic
African-American children
daily wheeze 0.173
daily cough 0.145
daily shortness of breath 0.074
Annual bronchitis incidence  0.043
rate, children

Daily lower respiratory 0.0012
symptom incidence among

children ¢

Daily upper respiratory 0.3419

symptom incidence among
asthmatic children

Daily WLD incidence rate per
person (18-65)

Aged 18-24 0.00540
Aged 25-44 0.00678
Aged 45-64 0.00492
Rate per person per year, 9.9
assuming 180 school days

per year

Daily MRAD incidence rate 0.02137

per person

Age-, region-, state-,
infarction incidence rate per and county-specific

U.S. Census bureau, 2000
2007 HCUP data files ®

2007 HCUP data files ®

2007 HCUP data files® adjusted by
0.93 for probability of surviving
after 28 days (Rosamond et al.,
1999)

Ostr