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Executive Summary

In this report, the Northeast States for Coordin#®e Use Management
(NESCAUM) examines the public health and monetanydfits of several potential
emission control programs under consideration byQkhone Transport Commission
(OTC) and Mid-Atlantic/Northeast Visibility UniorMANE-VU) states. These programs
include an electric generating unit (EGU) conttoategy for nitrogen oxides (N and
sulfur dioxide (SQ) that increases the stringency of the currentiChéa Interstate Rule
(CAIR) and SQ emissions control strategies that would compleragigting regulations
to further reduce fine particle concentrations anmplrove visibility under the Regional
Haze Rule. In addition, we performed an examimatibthe benefits of achieving
several different levels of the National Ambient Suality Standard (NAAQS) for 8-
hour average ozone concentrations (NAAQS rollback).

We have used the U.S. Environmental Protection AgerEPA’S)
Environmental Benefits Modeling and Analysis Progr@enMAP) (Abt Associates,
2007) to determine the magnitude and value of adatliverse health endpoints in the
northeast U.S. associated with the various emissoitrol programs in 2018. Future
year air quality associated with implementatiovafious control strategies have been
simulated using two air quality modeling platforrttee Community Multi-scale Air
Quality modeling system (CMAQ) and the Californiaofochemical Grid Model
(CALGRID).

We estimated future air quality associated withaerstringent CAIR rule
(CAIR+) using CALGRID. Based on our benefits asayfor 2018, we found that Py
reductions throughout the year due to CAIR+ coeklitt in 230 avoided premature
deaths in the OTC states. Combined with reduceidences of various morbidity
endpoints, we estimated a total PMelated benefit of 1.5 billion dollars annuallythre
OTR. Using the same modeling platform, we estichéhat CAIR+ reductions in ozone
during the May $-September 30ozone season could lead to 24 to 76 avoided premat
deaths (range of five ozone mortality risk estirmptéaNVhen added to other projected
benefits due to reduced incidences of morbidity esgmated a total ozone related
benefit of 170 to 500 million dollars. Overall, wstimate the CAIR+ program to result
in health benefits of 1.7 to 2.0 billion dollars2818 due to reduced adverse health
endpoints from exposures to Ryand ozone in the OTR. In states outside the QU&R,
estimated a benefit of 560 million to 1.4 billioolldrs due to ozone reductions and 4.4
billion dollars due to PMs reductions- a total benefit of 5.5 to 5.8 billidallars. Across
the entire modeled domain (Eastern US) we estimatethl benefit to the program of
6.7 to 7.8 billion dollars.

We examined four potential control strategies aimteaducing visibility
impairment, or regional haze, at Class | areakenlMANE-VU region. The programs
under consideration include limitations on the fadfur content of distillate (500 ppm
fuel sulfur content for the S1 strategy and 15 peh sulfur content for the S2 strategy)
and residual oil sold in the region, the Best Aafalié Retrofit Technology (BART)
provisions of the Regional Haze Rule, and contoold67 stacks at EGUs (“167 EGU
strategy”) that have the most significant impactsMANE-VU Class | areas. Of the four
programs, the 167 EGU stack control program leadsd greatest benefit in the region,
resulting in 6.5 billion dollars of health benefithe first phase of a sulfur-in-fuels
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limitation (S1) leads to health benefits of alm®st billion dollars in MANE-VU.
Controlling the fuel-sulfur content to 15 ppm (£2uld lead to an additional 431 million
dollars in benefits, bringing the total benefits3t@ billion dollars. The BART estimate
is based on controls at 14 units likely to be cafed under BART alone and with no
other program that would satisfy the BART requirameCMAQ and BenMAP

modeling suggest that controls at these units cleald to 1.4 billion dollars of benefits in
MANE-VU.

Looking across all regional haze programs, we ed8r four program total of
11.7 billion dollars in health benefits to MANE-M 2018. This benefit estimate is
based on a 15 ppm fuel sulfur control, BART corgtrmh 14 units in MANE-VU, and
stack controls at 167 EGUs in the East, Southaadtthe Midwest. Additionally, 4.9
billion dollars of health benefits are estimatedtfee states within The Visibility
Improvement State and Tribal Association of thetBeast (VISTAS) and The Midwest
Regional Planning Organization (MWRPO) in 2018 tluanplementation of these haze
control strategies.

In the third step of this analysis, we estimatedtibnefits of attaining three
alternative 8-hour ozone health standards — 0.6, 9.070 ppm, and 0.075 ppni"(4
highest daily 8-hour max) — in the Ozone TransRagion (OTR) using BenMAP. We
started with a baseline that included all “Beyomdloe Way” (BOTW) measures and
CAIR+, then used BenMAP to roll back all monitonstihe domain to each of the three
alternative ozone standards. We calculated bengited on the difference between the
baseline grid and the rolled back grid.

The analysis showed that there are significant ioeek health benefits in going
beyond a revised ozone national ambient air qualagpdard (NAAQS) of 0.075 ppm,
which is the upper end of EPA’s range for its prsgubozone NAAQS revision
(0.070 ppm — 0.075 ppm). Rolling back to a NAAG® 075 ppm after CAIR+ gave an
estimate of 27 to 142 avoided premature deathstbee2018 ozone season in the OTR.
When added to the benefits from avoided morbidigpmints, we estimated monetary
benefits of 192 to 918 million dollars over the 8aizone season. By contrast, adopting
an ozone NAAQS of 0.070 ppm (i.e., the upper liofithe range recommended by the
Clean Air Scientific Advisory Committee (CASAC))dreases the mortality benefits with
an estimated 43 to 220 avoided premature deatiei®TR over the 2018 ozone season.
When added to the benefits from avoided morbidigp®ints, we estimate an additional
monetary benefit of 107 to 498 million dollars baga 0.075 ppm standard (total benefit
of 300 million to 1.4 billion dollars after CAIR+)Finally, adopting an ozone NAAQS at
the lower end of the CASAC recommended range, Opp®0, results in an increased
estimate of 84 to 407 avoided premature deathsarOfTR over the 2018 ozone season.
Compared to the 0.075 ppm scenario, the modelidigates that a NAAQS set at 0.060
ppm could net almost twice the monetary benefitpioyiding 394 million dollars to 1.7
billion dollars beyond a 75 ppb standard (totaldfgerof 530 million to 2.6 billion dollars
after CAIR+)
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1. INTRODUCTION

In order to fully understand the benefits of enuastontrol programs, we must
understand how reductions in direct emissionsgba@liutants and their precursor
species translate into improvements in ambiergtity. This has traditionally been
achieved through the development of emissions itovEss and their application to
chemical transport models that simulate air quailitgier different inventory
assumptions. Our growing understanding of theipuidalth effects of air quality has
allowed the development of a new suite of toolsafesessing the next link in this chain —
the subsequent effect of ambient air quality onliputealth.

Assessment tools are now available that take steulilar monitored ambient air
guality as an input and link them to changes intheaitcomes. Based on assumed or
modeled changes in pollution levels, the tool tated the most likely public health
response and quantifies the economic value ofgbeciated health costs. This enables
the analyst to more fully account for the beneditpotential emission control strategies.
In this report, we demonstrate that ability by exang the public health and monetary
benefits of several potential emission control paogs under consideration by the Ozone
Transport Commission (OTC) and Mid-Atlantic/Nortee¥isibility Union (MANE-VU)
States. We have conducted this analysis in thetelianhthe states find the information
useful in establishing reasonable progress goatsmsidering future control programs
related to achieving an ozone or fine particulafAQS. The control programs
considered include:

« An EGU control strategy for nitrogen oxides (N@nd sulfur dioxide
(SO that increases the stringency of the currentiChda Interstate Rule
(CAIR),

* Additional SQ emissions control strategies that would complement
existing regulations to further reduce fine padticboncentrations and
improve visibility under the regional haze ruledan

» A theoretical examination of the benefits of acingwseveral different
levels of the National Ambient Air Quality StandgdMIAAQS) for 8-hour
average ozone concentrations (NAAQS rollback).

We have used EPA’s Environmental Benefits Mode#ind Analysis Program
(BenMAP) (Abt Associates, 2007) to determine th@nitade and value of avoided
adverse health endpoints in the northeast U.Sceed with air quality improvement in
2018. Future year air quality associated with enmntation of various control strategies
have been simulated using two air quality modetitagforms, the Community Multi-
scale Air Quality modeling system (CMAQ) and thdifoenia Photochemical Grid
Model (CALGRID).

In the first step of this analysis, we used CALGRMhodeled ozone and B
concentrations in the Ozone Transport Region (QmMRP18 to examine the potential
health benefits of an increase in the stringenapefcurrent Clean Air Interstate Rule
(CAIR). Multi-state discussions within the OTR anidh neighboring states outside the
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OTR have included the potential of states actingalor in partnership with EPA to
increase the stringency of the CAIR program, ter@@dR+. The specific analysis here
represents a CAIR+ proposal as a potential com@m®mainong a large number of
northeastern and Midwestern states. This progwshbeen modeled in ICF
International, Inc.’s Integrated Planning ModelNIPand subsequently simulated by the
New Hampshire Department of Environmental Servigitis the CALGRID modeling
platform. We present these results as represeatatithe magnitude of health benefits
associated with this type of program rather thansipecific benefits that would accrue
under whatever additional EGU control program magngéually result from such
discussions in the future.

A second analysis examined potential benefits adetexd sulfate reductions in
2018 due to implementation of four potential cohstoategies aimed at reducing
visibility impairment, or regional haze, at Clasaré¢as in the MANE-VU region
(NESCAUM, 2007a). The programs under consideratiolude limitations on the fuel
sulfur content of distillate and residual oil soidhe region (S1 strategy-500 ppm fuel
sulfur content for No. 2 distillate, 0.25 perceulfsr for No. 4 oil, and 0.5 percent sulfur
for No. 6 oil; S2 strategy-15 ppm fuel sulfur camttéor No. 2 distillate, 0.25 percent
sulfur for No. 4 oil, and 0.5 percent for sulfur N®oil), the BART provisions of the
Regional Haze Rule, and controls on 167 stack&Gadd(“167 EGU strategy”) that have
the most significant impacts on MANE-VU Class lase

Finally, we applied a “rollback” approach to det@menthe health benefits that can
be accrued if various levels of the 8-hr averagedAl®& for ozone were met in 2018. We
estimated the benefits of attaining three altewea-hour ozone health standards — 0.060
ppm, 0.070 ppm, and 0.075 ppn‘f‘(lzlighest daily 8-hour max) — in the OTR using
BenMAP. We started with a baseline that includétBeyond on the Way” (BOTW)
measures and CAIR+, then used BenMAP to roll b#iakenitors in the domain to each
of the three alternative ozone standards.

Chapter 2 provides a detailed description of theN&&P framework and how we
used it to estimate health benefits for the nogheaS. This includes descriptions of the
various health studies and detailed descriptiortee@Mmodeling procedure and statistical
methods for the three strategies. Chapters 3 gfwréudiscuss each of the potential
control strategies and present results of the sporeding health benefits analyses.
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2. METHODS

2.1. Benefits Analysis Overview

The U.S. EPA along with Abt Associates Inc. haveetigped BenMAP, a
Windows-based program, as a tool for estimatinghétadth impacts and associated
economic values resulting from changes in ambigmgdlution. This is accomplished
by applying health impact functions that relatdhargye in pollutant concentration with a
change in the incidence of a health endpoint. gregram allows users to estimate the
health and economic benefits of an air quality progwhile adequately describing the
uncertainty and variability in the estimate (Dawdst al., 2007).

Ambient air quality grids (gridded data files thatlude air pollution information
used in BenMAP) are created from monitored air igpidhta, modeled air quality data,
or a combination of the two. Potentially exposegydations can be modeled for
incidence rates at any year after 1990, using E9@02000 census data along with
county-level projections out to 2025. Populatioas be further broken down by
geographical area, race, gender, and age.

BenMAP uses a “damage-function” approach to estrttet benefits associated
with improvements air quality. This method assigakies to changes in individual
health endpoints (specific effects that can be@ata with changes in air quality).
Total benefits are then calculated as the sumeo¥#tues of all non-overlapping health
endpoints. This introduces no overall preference structme @oes not account for
potential income or substitution effects, so thlddiag a new endpoint will not affect the
value of changes in other endpoints. (Davidstaa., 2007; EPA, 2005; Levgt al.,

2001; Hubbelkt al., 2005). Figure 2-1 shows the major steps takehardamage
function approach used by BenMAP to develop bemsfimates.

BenMAP estimates pollutant exposures using airityuadonitoring or modeling
data, or a combination thereof. The user can er@aiguality grids to estimate average
exposure to particulate matter and ozone for peopig in a specified domain using
outputs from various air quality models. Alternaty, the user can input monitoring
data and estimate a population’s exposure basgdooamity to pollutant monitors or
use the monitoring data available in the BenMAFkpge. Combining the two
approaches, BenMAP can scale the monitoring datiadly and/or temporally using
modeled data.

Included in the BenMAP package are databases aecdration-response
functions and economic valuations of health impa8snMAP users first choose the
health endpoints they wish to model and then ch&rose a list of epidemiological
studies reporting incidence rates for each chosaitthendpoint. The user can pool
different incidence rates from multiple studieshgsa variety of statistical methods.
Similarly, valuation functions are available foffdrent health endpoints, allowing the
user to choose valuation studies and pool acrodgpheistudies.

! Overlapping endpoints are effect estimates that deacribe the same effect. For example, one study
may describe the relationship between ozone exp@sut pneumonia while another describes the
relationship between ozone exposure and any adwespeatory endpoint, which would include
pneumonia.
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We used U.S. census data and population projedioorike baseline and control
population databases. These databases, included BenMAP package, contain
demographic and population distribution informatidn the second step, we used air
guality modeling data developed using the CMAQ @Ad.GRID models, formatted to
BenMAP specifications. We supplied the air quadjtids for the baseline scenario and
control scenario and BenMAP calculated the grid-ggécific change in air quality. In
the third step, we chose the health endpointstefest as well as the published studies
describing the risk estimate. We based our ch@tstudies from EPA (2005) and
Davidsonet al. (2007). Finally, we chose valuation functionsdaich health endpoint to
determine the economic benefit of each control @gen

Figure 2-1. BenMAP analysis approach (taken from BeMAP User’'s Manual, Abt
Associates, 2003)

Populatiort
Projections

Population
Estimates

Air Quality
Modeling

Air Quality
Monitoring
Population
Exposure

Health
Functions

Baseline
Incidence
Rates

Adverse
Health
Effects

BenMAF Input
Valuation

Functions

User Input Choice Economic

Costs

Result from Inputs

oup

2.2. Estimates of Air Pollution Exposure

BenMAP offers several ways to estimate exposureg escombination of air
guality modeling and/or monitoring data. For thenefits analysis, we have used two
regional-scale air quality models, CMAQ and CALGRtD simulate ozone and BNl
concentrations in future years. Both platforms el@ir quality within a 12-km domain
that covers the northeastern, central and souttteasss as well as southeastern Canada.
The domain extends from 8&~94°W in longitude and ZN~5(N in latitude with
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172X172 grid cells. Figure 2-2 displays the modeliogndin used in the CMAQ and
CALGRID platforms.

Figure 2-2. Modeling domain used for CMAQ and CALGRD modeling studies.
Gridlines are shown at 180 km intervals (15 x 15 Kn cells).

BN :

Eastern Modeling Domain (12km grid
12 g ( g )/1\‘*’-‘.

172

2.2.1.CALGRID Modeling for O 3 and PM,5

The CALGRID model is an Eulerian photochemical $f@ort and dispersion
model. It includes modules for horizontal and wattadvection and diffusion, dry
deposition, and chemical mechanisms. The New HamgBepartment of
Environmental Services performed all CALGRID modgland provided the results to
NESCAUM.

CALGRID modeling was performed to assess the benefione potential Clean
Air Interstate Rule Plus (CAIR+) program optiono determine the benefits of this
option, the concentration change between two feyese modeled scenarios was
assessed. The chosen reference scenario repras¥di8 projection of emissions and
air quality, which corresponds to compliance willcarrent Clean Air Act regulations,
as well as state and federal measures that ardogestates as being necessary to achieve
compliance with the current 8-hour ozone NAAQS.thWhe inclusion of state measures
that have been or will be adopted by OTC stateshir 2007 ozone state
implementation plans (SIPs), this scenario dumssnd previous requirements and is
referred to as “Beyond on the Way” (BOTW). Whitates and EPA are currently
determining whether these measures will be enonigichieve the ozone NAAQS by the
2010 attainment date, there is little question thase programs will be fully
implemented by 2018, the analysis year for thidytuThe MANE-VU Regional
Planning Organization (RPO) inventory developmet modeling work provide more
detailed information on the BOTW scenario (MARAM2(Q07a; NESCAUM, 2007a).
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The control scenario compared against this reéersoenario is a CAIR+
scenario. A separate report documents the basisso$cenario and the associated
assumptions used in its creation (MARAMA, 2007b).

For analysis of CAIR+ reductions in ozone, we sigghBenMAP with hourly
data files for the summertime ozone season, Mageptember 30in 2018 and 2002.
The application used these hourly data files tcegate a variety of air quality metrics
including, 8-hour average, 8-hour maximum, 24-henerage, 5-hour average, and
maximum 1-hour average. For analysis of;BMve used 24-hour average data available
from CALGRID modeling for the entire year of 2018da2002.

We developed future year air quality grids for ozam BenMAP using the
“monitor and model relative” option. In this optiove began with 2002 EPA Air
Quality System (AQS) monitoring data. These dadeewnterpolated to the 172x172
12km modeling grid definition using the Voronoi iebor Averaging (VNA) algorithm.
A detailed description of the VNA algorithm canfoend in Appendix C of Abt, 2005.

The monitor values were scaled using the modelegluality data. This was
done in two steps, spatial scaling and tempordirggaln the spatial scaling step,
BenMAP used 2002 CALGRID modeling data with 2002ERQS interpolated
monitoring data. BenMAP spatially scaled by adpgthe modeled concentration of
each grid cell without a monitor by multiplying th@nitored concentration from the
nearest monitor by the ratio of the modeled corre¢ion at the grid cell without the
monitor to the modeled concentration at the grila®taining the monitor. In the
temporal scaling step, the concentrations of theitos were scaled by the ratio of the
2002 modeled concentration to the 2018 modeledesuration for the grid cell in which
the monitor is located to develop future year estes of air quality.

The scaling approach is meant to take advantageabfvorld measured P
and ozone concentrations. The spatial scalingisteygant to improve the interpolation
of monitor data to grid cells without monitors Imgiuding modeled information on
spatial characteristics. The temporal scaling seyseful for using monitored data in
combination with model predicted changes in aifigu#o develop future year air quality
estimates (Davidsoet al., 2007).

The interpolation and scaling steps result in tets ©f 172 x 172 12km grid cell
air quality grids for CAIR+ and BOTW, one set faaome and one set for B We
assessed the benefits of the CAIR+ program by hapét the difference between the
CAIR+ grid and the BOTW grid for each pollutant ividually. Concentration
differences within each grid cell were applied dmecentration-response functions to
determine the change in adverse health endpoititsnvaach grid cell.

We present the results of the health benefits amsafgr this CAIR+ simulation in
Chapter 3. In addition to analysis of CAIR+, wediiee same CALGRID modeling data
to assess the benefits of attainment of varioupgeed NAAQS for ozone. We describe
this methodology in Chapter 5.

2.2.2.CMAQ Modeling for PM , 5 for Regional Haze Control Programs

The Community Multi-scale Air Quality (CMAQ) modaly system is a three-
dimensional Eulerian chemical transport model thebrporates output fields from
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emissions and meteorological modeling systems aweral other data sources through
special interface processors. CMAQ is designgarawide an air quality modeling
system with a “one atmosphere” capability contajrstate-of-science parameterizations
of atmospheric processes affecting transport, foamstion, and deposition of such
pollutants as ozone, particulate matter, airboonecs, and acidic and nutrient pollutant
species (Byun and Ching, 1999).

We have used the results from CMAQ sulfate modeadin2018 to develop air
guality grids for a baseline and multiple controésarios. The baseline scenario for the
work described here represents an “On the Book#i®hVay” (OTB/OTW) emissions
inventory. This is a projection that requires igmpkentation of existing regulations in the
face of “business as usual” projected growth antnielogy change. We have also
developed multiple control scenarios to examinebirgefits of regulation beyond
OTB/OTW including a dual-phase fuel sulfur-conteantrol strategy (S1 and S2),
BART, and controls on 167 stacks at EGUs (167 EGategyy). Chapter 4 of this
document describes each of these control scenarfagher detail.

CMAQ provided hourly sulfate concentration fields the baseline scenario and
the various control scenarios. To input this resub BenMAP, we used the sulfate
concentrations to calculate the total PjMoncentrations using the IMPROVE algorithm:

Equation 2-1.

Total PM s = (SO4*1.375)+(NO3*1.29)+OC+EC+FineSoil

By applying Equation 2-1 to the sulfate concentwragipredicted by CMAQ, we
calculated hourly PMs concentrations for each grid cell for the basedioenario and
each of the four control scenarios. For BenMAP patibility, we then used the hourly
files to generate 24-hr average concentrationedoh modeled day.

The 24-hour PMs CMAQ predicted modeling results from 2018 wereuinipto
BenMAP’s “model direct” format. Using this form&enMAP imports the baseline and
each control grid to create air quality grids tredtect PM s concentrations within each
grid cell. BenMAP then looks at the differencevibetn the grid cell concentrations in
the baseline and control case to develop an estiofathange in concentration that is
then used in determining the health benefit.

2.2.3.EPA’s Air Quality System

BenMAP contains monitored concentrations of oz&id; s, and PM, for the
years 2000-2004 from EPA’s Air Quality System (AQ®) this analysis, we scaled
2002 monitored concentrations of ozone and Piing model data to develop future
year projections of air quality.

2.3. Population

We developed population estimates using PopGriapghcation developed by
Abt Associates that aggregates U.S. census dafzetofied grid definitions. We
aggregated the census data to the CMAQ 12km gfidiien described above to give a
baseline population grid that matched the pollugad used in the analysis. The
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population grid contains a variety of informatiorcluding race, age, and gender. For the
control scenarios, we calculate a 2018 populatrofeption in BenMAP by calculating a
population-weighted average of the county levelydaion projection ratios for each

grid cell.

2.4. Health Benefits Assessment

BenMAP can calculate adverse health effects relatédindreds of health impact
functions that correspond to changes in,Bléihd ozone concentrations. BenMAP’s
database contains incidence rate data used tdisstti®e baseline health conditions prior
to calculating the change in health effect. Inegahterms, to calculate point estimates of
the changes in incidence of a given health eflBehMAP assesses the health impact
function needed for analysis and accesses anydatied by the health impact function
for each grid cell. These data include populatidarmation, the change in pollution
exposure at the grid cell, the baseline incideate, mand coefficients describing the
uncertainty in the measurement. For each grid tedlmodel calculates the change in
incidence of adverse health effects for each healpfact function and stores the
information (Davidsoret al., 2007).

The relationship between the change in concentrati@ pollutant and the
change in incidences of a particular endpoint scdbed by a concentration-response (C-
R) function. C-R functions used in BenMAP’s caltidns of health benefits are derived
from epidemiological studies where researchers haed data on pollutants and
associated health responses to develop theseoredhips. In general, these relationships
follow a linear, log-linear, or quadratic form refey change in incidence to the change in
pollution exposure in a grid cell using populatioformation, the baseline incidence rate,
and coefficients describing the uncertainty inttteasurement. Section 2.8 of this
document briefly describes each of the health studsed in this analysis.

2.5. Describing Uncertainty

Due to inherent uncertainty in health effect riskraates and valuation estimates,
we applied several steps to describe the unceytafrthe final benefit estimate. Each
health impact function contains a mean risk esgnaatwell as a standard error of the
estimate that are used to generate a distribufiestonates.

To describe uncertainty in health effect estimaBes\MAP utilizes a “Latin
Hypercube Points” method. Based on the numbeoiwitp chosen by the user, BenMAP
will generate a number of incidence estimatestiiabr the variability in the inputs to
the health impact function. At each grid cell, BEXP calculates the incidence estimate
multiple times, each time adjusting the pollutamfticient to describe a different level
of the distribution. BenMAP bases the adjustmen&@alculation utilizing the standard
error of the pollution coefficient, derived frometipublished epidemiological study. The
output contains the mean of the estimate as welhasstimate of the incidence at
multiple levels of the distribution. To descriletentire distribution, we have presented
health estimates as a mean and the 5 percent goet@&nt levels of the distribution.

In addition to providing confidence levels, we peva range of estimates based
on multiple studies examining ozone mortality. Wese five studies examining ozone
effects on mortality to develop a range of estiatfects. For other morbidity
endpoints, we provide specific estimates derivethfstudies examining groups of



Public Health Benefits of Reducing Ground-level Ozone & PM2.5 in the Northeast Page 2-7

adverse endpoints (i.e. any cardiovascular endpagnivell as individual adverse health
outcomes (i.e. myocardial infarctions).

Throughout this document we present summary datacitience and mortality
as the mean of the distribution of the estimateweler, to ensure the uncertainty of the
estimate is adequately represented, AppendicesiBaresent the estimates in further
detail, showing each individual health endpoint #r&l95 percent confidence interval
surrounding the estimate.

2.6. Pooling and Aggregation of Studies

When a single study exists for a pollutant-heatttpmint combination, BenMAP
calculates the health benefit as the change idémce rate based on that study’s
concentration-response function. However, for enag where multiple impact
functions are available from multiple studies, Beki*can pool the incidence estimates
using a variety of methods to increase the powdéh@gtstimate. For this analysis, when
multiple studies were used to characterize a sing#&th endpoint, we used fixed or
random effects models to pool the multiple estimaf€he fixed effects model assumes
that a single true concentration-response estimasts and differences between studies
are simply the result of sampling error. This neetlassumes that there is one pollutant
coefficient that can represent the entire modeted.aFixed effects pooling weighs each
study’s estimate by its inverse variance, givingengeight to studies with greater
statistical power. When it cannot be assumedtttztthe only difference between
studies is due to sampling error, random effectdipg is chosen. Random effects
pooling is basically the same as the fixed effentglel except it assumes that there is not
only sampling error associated with each studyhaitthere is also between-study
variability where underlying populations are ditfat. Therefore, the variance is
calculated as the sum of the within-study variaaume the between study variance.
Random effects pooling would be appropriate inagitins with differing population
groups, such as combining studies that take pradédferent locations, to account for
differences in population susceptibility (Abt, 2005

When operating BenMAP, the user can choose randaud/effects pooling
when combining multiple studies. When this paranet chosen, BenMAP first tests if
random effects pooling should be used. This issdontesting a null hypothesis that
there is a single underlying parameter (fixed effemoling). If this null hypothesis is
rejected, the random effects pooling method iszetl. If not, then one can assume
sample error is the only source of variability dxed effect pooling can be used (Abt,.
2005).

After pooling results and determining changes gidances within each grid cell
of the domain, the user can aggregate the resultarious levels including county, state,
and nation. We chose to aggregate these resyitesent the results as a total benefit
across the entire state.

2.7. Baseline Incidence Rates

To estimate the change in incidences of health @ntlp BenMAP relies on a
database of baseline incidence rates. Ratherabsolute number of incidences,
epidemiological studies estimate the relationslevieen changes in air quality and the
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relative risk of adverse health endpoints. Thiatreé risk is applied to the baseline
incidence rate to determine the number of adveasescavoided.

Baseline incidence rates are available within teteNBAP database. These rates
are derived from a variety of sources includinglited estimates and Center of Disease
Control (CDC) data. Depending on the health ermitpoicidence rates can be
nationwide or region specific. In most cases, ggexific incidence rates are available
and are applied to the age specific populatiomeg#s within each grid cell. For tables
and description of incidence rates used within BaAR\refer to Abt (2005).

2.8. Concentration-Response Functions and Valuation Metbds

In the following sections, we describe the studiesd to estimate health risks
associated with exposures to ozone and £MVe also describe the methodologies
applied to monetize the benefits of reduced inadsrof mortality and morbidity
endpoints.

Health and economic benefits presented here aredrto those available in
BenMAP. Certain benefits are not quantified witthe model, including non-asthma
related ER visits, chronic respiratory damage,a@ased need for prescription medication,
and adverse effects on pulmonary function. Sonaatified benefits only monetize ER
visits and cost of hospital admissions which matytake into account additional health
costs incurred after initial treatment. Furthereyave only quantify the human health
benefits of the programs under consideration. Aaltikl non-health benefits such as
improved visibility and decreased crop damage wauld to the overall benefits of the
programs (EPA 2005). Due to these factors, marilie@benefits described in this
analysis may in fact underestimate the true benétiie programs.

2.8.1.0zone Concentration-Response Functions

Except for mortality, the choice of studies incldde determining the ozone-
related impacts of the control measures within GAWRs based on those used in EPA’s
impact analysis of the Clean Air Interstate RWée followed EPA’s methodology for
study choices and pooling methods. EPA’s CAIR ysialdid not include estimates of
ozone related mortality so we chose to use C-Rtimg from fives studies with
published nation-wide estimates of mortality rifksn ozone exposure. The following
sections describe the studies and C-R functions ngd8enMAP to calculate the
incidence changes associated with changes in aczomeentrations while a summary of
the studies used can be found in. A more detaiésdription is available in the
Technical Appendices of the BenMAP User Manual éed by Abt Associates
(available ahttp://www.epa.gov/ttn/ecas/benmodels.html
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Table 2-1. Summary of studies used in ozone bensfissessment.

Health Endpoint

Mortality

Metric Study Study Location Study Population
24 Hour Mean Bell et al. 2004 95 US Cities All Ages
1 Hour Max Ito et al. 2005 7 US Cities All Ages
24 Hour Mean Huang et al. 2005 19 US Cities All Ages
1 Hour Max Levy et al. 2005 uUs All Ages
24 Hour Mean Bell et al. 2005 uUs All Ages

24 Hour Mean

Schwartz 1995 (all
respiratory)

New Haven, CT

24 Hour Mean

Schwartz 1995 (all
respiratory)

Tacoma, Wa

>64 Years, pooled
estimate

24 Hour Mean

Schwartz 1994a
(pneumonia)

Detroit, Ml

24 Hour Mean

Schwartz 1994b
(pneumonia)

Minneapolis, MN

24 Hour Mean

Moolgavkar et al
1997 (pneumonia)

Minneapolis, MN

24 Hour Mean

Schwartz 1994b
(COPD)

Detroit, Ml

Moolgavkar et al

>64 Years, pooled

Hospital Admissions- |24 Hour Mean 1997 (COPD) Minneapolis, MN estimate
Respiratory 1 Hour Max Bernett et al. 2001 |Toronto, CN <2 Years
5 Hour Mean Weisel et al. 1995 New Jersey
5 Hour Mean Cody et al. 1992 New Jersey
1 Hour Max Stieb et al. 1995 New Bruswick, CN
Asthma Related ER Visits (24 Hour Mean Stieb et al. 1996 New Bruswick, CN All ages, Pooled Estimate
8 Hour Mean Gilliland et al. 2001 |[Southern California 6-11 Years, Pooled
School absence days 1 Hour Max Chen et al. 2000 Washoe Co, NV Estimate

Worker Productivity

24 Hour Mean

Crocker and Horst
1981

Nationwide

Outdoor workers, 18-65

Mortality

To estimate the impact of ozone reductions dueAtR& on mortality incidences
in the region, we chose five multi-city epidemiala studies. We provide mortality
impacts separately for each study to give a rahgeootality estimates from multiple
independent studies. We chose these five studiesadtheir recent publication and

nationwide sample population.

The C-R function used to estimate the change irtatityrincidences associated
with changes in mortality can be described by tllewing log-linear equation:

Equation 2-2.

Alf = (1-(L/eB* AQ)))* P*A

whereAls is the change in mortality incidendkeis the pollution coefficientAQ is the

change in ozone concentratiogisl the current mortality rate, P is the populatiand A
is a scalar to convert annual the mortality ratea taily mortality rate.

Each study utilized in this analysis provides atieé risk that is used to develop
the pollution coefficientff) and standard error estimates. The followingisadives a
short description of each mortality study usechis ainalysis.

Bell et al., 2004, 95 USCities

Bell et al. (2004) used the databases developed for the Natbordidity,
Mortality, and Air Pollution Study (NMMAPS) to estate a national average relative
rate of mortality associated with 0zone exposur@sitities, representing about
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40 percent of the U.S. population, between 19872&td. The NMMAPS model
employs a two stage statistical model for estingatire percent increase in mortality
associated with exposures to ozone. In the fiegjes a time-series analysis is performed
within each community. The results are then comdbiacross all communities in the
second stage to produce a national average estimate

The NMMAPS approach utilizes cause-specific mastalounts obtained from
the National Center for Health Statistics, pollatdata from US EPA’s Aerometric
Retrieval Service (AIRS), and meteorological datenf the National Climatic Data
Center on Earth-Info. Time-series analyses of eachmunity controlled for weather,
seasonality, long-term trends such as influenzdegpics, and PM. Results from
individual communities were then pooled to giveatianwide estimate of mortality risk
to ozone exposure on the same day as well as heultgys after exposure (lags). Results
were reported for single-lag models, where estimafencreased mortality risk were
given for exposures on the same day, next daygfwys after exposure, and three days
after exposure (defined as lag 0, lag 1, lag 2,lag@®, respectively). In addition,
cumulative exposures were investigated using digied-lag models that estimated the
association between mortality risk and cumulatixeosure to ozone over the previous
week.

Across the 95 cities used in the NMMAPS analystd| & al. (2004) estimated
that an increase of 10 ppb in the previous week&e concentration was associated
with a 0.52 percent increase in mortality (95% poet interval = 0.27%-0.77%).
Although BenMAP contains C-R functions for sevediwdual cities derived from Bell
et al. (2004), we chose to use the 95 city average tmactexrize mortality reduction from
this study because it was an estimate of the naitenrisk.

Bell et al., 2005, US Nationwide Meta-Analysis

Bell et al. (2005) performed a meta-analysis of 144 effecireges from 39 time-
series studies examining the relationship betweem® and mortality. The results were
compared to the estimates from the National Motpidilortality, and Air Pollution
Study (NMMAPS) to provide a means for comparindetént methods for determining
the effect of ozone on mortality. Both effect esites were used in the analysis of
OTC'’s control measures: using the NMMAPS estimeienfBell et al. (2004), and the
US meta-analysis estimate from Betlal. (2005).

The meta-analysis included 39 time series studiaducted between 1990 and
2004 that had been peer reviewed, not based on NR®analysis results, and provided
numerical estimates of the relationship betweemtglom changes in ozone and
mortality including information on the uncertairgf/the estimate. The meta-analysis
combined information across locations and estimétegooled effect using a 2-stage
Bayesian hierarchical model. The statistical meshare described in detail in Bellal.
(2005). The results of the meta-analysis showatldl.0 ppb increase in daily ozone at
single day or 2-day averaged of lags 0, 1, or Zdegs associated with an 0.87 percent
increase in mortality (95% posterior interval =8/&to 1.18%). These percent increase
estimates were converted to a log-relative rath wistandard error, the form used in
BenMAP’s C-R function.
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The multi-city meta-analysis showed a larger asgmei between same day ozone
exposure (lag 0) and mortality as compared to theDAPS 95 city study. When a
comparison across the cities common to both methittishe same lag structure (8
cities, lag 0), the study found a much lower poa#dct in the NMMAPS analysis. Bell
et al. (2005) indicated that this pattern was indicat¥@ possible publication bias in the
meta-analysis; papers reporting a positive assoniatay be more likely to be submitted
or accepted for publication. In addition, largepfed effects were seen in studies that
reported a single lag (lag 0 or 1) as opposeddsethieporting multiple lags, a pattern that
researchers suggested indicates that the lag etratgest effect was most likely to be
reported. The study concluded that while the naetaysis is useful for combining
multiple studies and examining study differencemay be biased to overestimate the
ozone/mortality relationship.

Ito et al., 2005, 7 USCities

Ito et al. (2005) conducted a review and meta-analysis aft $éon ozone
mortality studies published between 1990 and 20@Bperformed an additional time-
series analysis for seven U.S. cities (ChicagorditeHouston, Minneapolis-St. Paul,
New York City, Philadelphia, and St. Louis).

The review and time-series analysis showed a cagdbastimate of 0.39 percent
increase in mortality associated with a 10 ppbease in the 1-hour daily maximum
ozone. The study reported no significant reduciotime effect estimate when particulate
matter was included in the estimate. For our asiglyve used the single-pollutant, log-
linear C-R function to describe the relationship.

Huang et al., 2005, 19 US Cities

Huanget al. (2005) developed a Bayesian hierarchical distetladg model to
estimate the association of daily variations of swartime ozone and cardiovascular and
respiratory mortality counts in 19 cities. Thedstwsed data from NMMAPS for
summers between 1987 and 1994 for the 19 largesdiicluded in the database (Los
Angeles, New York, Chicago, Dallas/Fort Worth, Hous San Diego, Santa
Ana/Anaheim, Phoenix, Detroit, Miami, Philadelpht®attle, San Jose, Cleveland, San
Bernardino, Pittsburgh, Oakland, Atlanta, and SatoAio).

The 19 city effect estimate from Huadgl. (2005) was derived using a two
stage approach similar to Betlal. (2004). In the first step, city-specific relatikages of
cardiovascular and respiratory mortality associatgld short-term exposures to ozone
are estimated using a distributed lag Poisson ssgre model. The regression model
includes factors that control for various confoursdgich as age, yearly trends, day of the
week, temperature and dew point, and other poltstanhe overall effect is then
developed by combining information across the 1i@<by assuming the true city-
specific effects are normally distributed.

Across the 19 cities investigated in this studyas found that a 10 ppb increase
in summertime ozone over the previous week is gs®ocwith a 1.25 percent increase
(95% posterior interval = 0.47-2.03) in cardiovdacand respiratory mortality.
Although BenMAP contains separate C-R functionsistéd for co-pollutants (Pd
NO,, SO, and CO), we used the single pollutant functioanalysis of OTC’s ozone
control programs.
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Levy et al., 2005, US Nationwide

Levy et al. (2005) gathered results from 28 time-series sfjdielecting 48 effect
estimates to be used in a metaregression anafysmone exposure and mortality. Only
time-series studies with published city-specifieassround, all-age relative risk and
variance estimates were used. In addition, thd necent studies were used when
multiple studies were available from the same audlescribing the same cities and study
years. Studies based on the NMMAPS database wereved as these data were being
reanalyzed by other researchers.

Based on the metaregression analysis conductédsistudy, Levyet al. (2005)
estimate a 0.21 percent increase (95% confiderteeval = 0.16-0.26%) in mortality
with a 10ug/m?® increase in the one hour max ozone (0.41% incrieasertality per 10
ppb increase in the one hour max ozone).

Hospital Admissions due to Respiratory Disease

The concentration response functions we used snfBenMAP analysis to relate
changes in ozone concentration to hospital adnmssioe to respiratory disease can be
described by the same log-normal relationship desdrin Equation 2-2. The baseline
incidence rate and change in incidence in this ass@umbers of hospital admissions
due to respiratory diseases.

To estimate the avoided incidences of respiratosphal admissions, we looked
at six studies examining a range of respiratoryddans, following the same
methodology employed by EPA in its CAIR impact gsa&. For adults over 65, we used
effect estimates from five studies. Schwartz (3996vided effects estimates relating 24
hour mean exposures to ozone and all respirat@pitad admissions in New Haven, CT
and Tacoma, WA. These impact functions were potagdther before pooling with
other studies. Moolgavkat al. (1997) and Schwartz (1994a) reported effect esémat
for ozone- and pneumonia-related hospital admissioMinneapolis while Schwartz
(1994b) reported effect estimates for the same@ntm Detroit. The impact functions
for the Minneapolis studies were first pooled, #meh the resulting function was pooled
with the Detroit impact function. Two studies, Mgavkaret al. (1997) in Minneapolis
and Schwartz (1994b) in Detroit, provided effedtneates for Chronic Obstructive
Pulmonary Disease (COPD) hospital admissions. &tes studies were pooled
together with the resulting impact function addedhe pneumonia impact function. This
result was then reported along with the all respisaincidence function derived from
Schwartz (1995) to give the estimate for total m@dpry admissions in adults over 65.

Only one study was available with an effect estenfat respiratory hospital
admissions in children under 2 and its impact fiomctvas calculated separately. Burnett
et al. (2001) conducted a time series study examiningitedsadmissions in children
below 2 years of age in Toronto, Canada betweef 488 1994. The study found that a
1-hr maximum ozone concentration of 45 ppb (5-daying average between May and
August) was associated with a 35 percent increzs¥ confidence interval = 19%-52%)
in the daily hospitalization rate for respiratornpplems.
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Emergency Room Visits due to Asthma

Following the methodology applied in EPA’s impangadysis for CAIR, we
estimated reduced emergency room visits due toresthlated symptoms by pooling
results from three studies, Stietal. (1996), Codyet al. (1992), and Weiset al.

(1995). The 24-hr and 1-hr max effect estimatemf6tiebet al. (1996) were first
pooled using fixed/random effects pooling. Theauhl@sg estimate of incidence change
was pooled with the incidence change calculateah f@mdyet al. (1992) and Weisedt

al. (1995) to give the overall effect estimate.

Stiebet al. (1996) investigated the relationship between ezmmncentration and
asthma related emergency room visits for all agegs in the summers of 1984 to 1992
in Saint John, New Brunswick, Canada. After cdlitrg for other pollutants, weather
variables, and long term trends, the investigdtmuad that a statistically significant,
non-linear relationship existed between the freqyeri asthma related ER visits and
elevated ozone levels, noting a 33 percent higleguency of asthma related ER visits
when the daily 1-hr maximum ozone concentratioreeged 75 ppb. Because the
authors described a strong quadratic relation@epMAP uses this form for the
concentration response function. Equation 2-3rilese this C-R function derived from
the quadratic regression model (Abt, 2003):

Equation 2-3.

AAsthma ER Visits= ﬁ%‘)p* [(03,baseline )2 - (Osycontrol )2]* pop

wherep is the pollution coefficient (different estimatelpished for 1-hr max and 24-hr
average ozone concentratioBasePop is the baseline population of St. John, New
Brunswick published in Stie#t al. (1996), andpop is the all-ages population within the
grid cell. The estimates based on the 1-hr max@zamd 24-hr average ozone was
pooled together to develop an all ages estimateatas pooled with the estimates from
Codyet al. (1992) and Wiesedt al. (1995).

Codyet al. (1992) and Wiesedt al. (1995) describe the relationship between
ozone and asthma related ER visits in New Jerségse studies provide a C-R function
that follows a linear form relating the increasagsthma-related ER visits to increases in
5-hr ozone concentrations. BenMAP uses this linglationship in its calculations of
change in incidences associated with changes mozZdne concentrations. The C-R
function can be described by the following lineglationship:

Equation 2-4.
AAsthma ER Visits = (B/A)* AQ*Pop

wherep is the pollution coefficient, A is the New Jerstydy populationAQ is the
change in ozone concentration, &ap is the population within the grid cell where the
incidence is being calculated.

The effect estimates from these two studies aodeg together with the effect
estimates from Stieét al. (1996) to give an overall estimate of change thraa-related
ER visits.
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School Loss Days

BenMAP calculates the benefits of reduced absesiteri schools from effect
estimates derived from two studies, Gillilagicil. (2000) and Chest al. (2000). The
studies estimate the relationship of elevated oromdsenteeism in schools due to
illness resulting from exposure to ozone. Thenesties from these two studies were
pooled together to give an estimate of school di@ays avoided with reduced ozone
exposures.

Gilliland et al. (2000) investigated the relationship between ozsreother
pollutants and school absenteeism in a cohorturtliograde school children in southern
California. Based on school absence reports arehfa interviews to determine the
cause of absence, the authors reported that aeasein 20 ppb of ozone (8-hr, 10 a.m.
to 6 p.m. window) was associated with an incred€2® percent of illness-related
absence rates (95% confidence interval = 18.4-%2)1..The C-R function reflects the
results of the single pollutant model and can kszdeed by the following log-linear
relationship:

Equation 2-5.
ATotal Absence = (1-(1/&F"2))*1*P*A*B

wherep is the pollution coefficient derived from the syudQ is the change in ozone
concentration, | is the baseline rate of new absgre is the population within the grid
cell, A is scalar for the percent of school daythim ozone season, and B is a constant
describing the population of school children akfier a new absence.

We pooled the change in absence incidence fromaaiet al. (2000) with the
estimate from Chedt al. (2000). Chemt al. examined the association between air
pollution and daily elementary school absenteeisiWashoe County, Nevada. The
investigators regressed daily absence rates oe golutants (PN, CO, and @) and
confounders such as meteorological variables adidators for day of the week. The
authors found that CO and; @ere statistically significant indicators of absassm.
Chenet al. (2000) published the results of multi-pollutamiglar regression model,
presenting th@ pollution coefficient and standard error basedr@nl-hr maximum
ozone from the previous two weeks. BenMAP caledahe change in incidence using
this B in the following linear C-R function:

Equation 2-6.
ATotal Absence=f *C* AQ *(I/B)*P*A

wherep is the published pollution coefficient based oa thhr maximum ozone from the
previous two weeks, C is a constant to confec a proportionAQ is the change in
0zone concentration, | is the baseline rate of abgences, B is a constant describing the
study-specific school absence rate, P is the ptpualavithin the grid cell, and A is scalar
for the percent of school days in the ozone season.
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Worker Productivity

Estimates of increased worker productivity with @@sed ozone concentrations
is based on Crocker and Horst (1981) where thestigagors examined the impacts of
ozone exposure on the productivity of outdoor sitmorkers in southern California. The
study measured worker productivity as the changedome with respect to ozone
concentration, reporting a 1.4 percent increasedome with a 10 percent reduction in
24-hr ozone concentration. This estimate is baseithe presumption that elevated ozone
influences the worker’s ability to work and thusdEases their productivity. The C-R
relationship used by BenMAP can be described bydlh@wing linear relationship:

Equation 2-7.

AProductivity = £* %* dailyincome* P
1
wherep is the pollution coefficient, Qand @ are the control and baseline ozone
concentrationsjailyincome is the median daily income for outdoor workerg] &nis the
population of adults employed as outdoor farm wimgke

2.8.2.PM, s Concentration-Response Functions

We chose health studies for the analysis of P&bntrol programs based on
selection criteria described in EPA (2005) and Dswonet al. (2007). Selection criteria
included whether the study was peer reviewed, stiedygn, study location, study size,
and characteristics of study samples, among ottesiderations. We gave preference to
prospective cohort studies performed in the U.$ Veirge sample sizes. The study
choices attempted to cover all age groups whensshgstudies to give an accurate
representation of the entire population (i.e.,¢hddren’s health study was used, a
similar study characterizing adult exposures was aked). Peer reviewed studies and
those examining longer periods of time (thus haviraye data) were preferentially
chosen to characterize chronic health effects.

The sections below give descriptions of the setestadies and C-R functions
used in the BenMAP model. A more detailed desicnipis available in the Technical
Appendices of the BenMAP User Manual developed byAssociates (available at
http://www.epa.gov/ttn/ecas/benmodels.htnlable 2-2 shows a summary of the studies
chosen for analysis of P control options.
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Table 2-2. Summary of studies used in Ph% benefits analysis.

Health Endpoint Metric Study Study Location Study Population

24 Hour Mean Woodruff et al. 1997 86 Cities Infant (<1 Year)

Mortality 24 Hour Mean Pope et al. 2002 51 Cities >30 Years
San Francisco, San Diego,

Chronic Bronchitis 24 Hour Mean Abbey et al. 1995 South Coast Air Basin >27 Years
Acute Myocardial Infarction
(Non-Fatal) 24 Hour Mean Peters et al. 2001 Boston, MA >18 Years
Hospital Admissions, Chronic 24 Hour Mean Moolgavkar 2003 (COPD) Los Angeles, CA
Lung Disease 24 Hour Mean Ito 2003 (COPD) Detroit, Ml >65 Years. Pooled Estimate
Hospital Admissions, Chronic
Lung Disease (less Asthma) 24 Hour Mean Moolgavkar, 2000 (COPD) Los Angeles, CA 18-64 Years
Hospital Admissions,
Pneumonia 24 Hour Mean Ito, 2003 Detroit, MI >65 Years.
Hospital Admissions, Asthma 24 Hour Mean Sheppard, 2003 Seattle, WA 0-64 Years

24 Hour Mean Moolgavkar, 2003 Los Angeles, CA

Ito 2003, (ischemic heart
disease, dysrhythmia, hearth

Hospital Admissions, All 24 Hour Mean failure) Detroit, Ml 65-99 Years, Pooled Estimate
Cardiovascular (less MI) 24 Hour Mean Mookgavkar, 2000 Los Angeles, CA 18-64 Years

Asthma related ER Visits 24 Hour Mean Norris et al. 1999 Seattle, WA <17 Years

Acute Bronchitis 24 Hour Mean Dockery et al. 1996 24 Communities 8-12 Years

Lower Respiratory Symptoms |24 Hour Mean Schwartz and Neas 2000 6 US Cities 7-14 Years

Asthma Exacerbation, Cough, |24 Hour Mean Ostro et al. 2001 Los Angeles, CA

Wheeze, Shortness of Breath 24 Hour Mean Vedal et al. 1998 Vancouver, CN 6-18 Years, Pooled Estimate
Work Loss Days 24 Hour Mean Ostro, 1987 Nationwide 18-64 Years

Mortality

EPA (2005) reported that the Science Advisory Bd4edlth Effects
Subcommittee has recommended using the Boge (2002) study as the basis for the
primary mortality estimate for adults to be usedsrbenefit analyses. This study is
based on data collected by the American Cancee8oas part of an ongoing
prospective cohort mortality study of approximatglg million adults. The researchers
have used information on mortality in the studyadland PM s monitored data to
develop mortality risk estimates by applying a @oaportional hazards survival model.
Popeet al. (2002) provides relative risks for all-cause miitstas well as
cardiopulmonary, lung cancer, and all-other causgatity. For this analysis, we have
provided estimates based on the all-cause mortdtiynate. This estimate is calculated
using the log-linear C-R function described in Bopra2-2.

While Popest al. (2002) provides an estimate of mortality in th@ylation above
30 years of age, Woodrudf al. (1997) provides a relationship between particutadéter
exposure and infant mortality. The investigatoraleated the relationship within a
cohort of approximately 4 million infants born betwn 1989 and 1991 and particulate
matter exposure. The estimate is calculated ubkiadpgistic C-R function described
below:

Equation 2-8.
ACases of Infant Mortality = (1-(1/((1-1)*e®4+1)))*1*p

wherep is the pollution coefficient, | is the incidencde,AQ is change in Pl
concentration, and P is the population 2 yearsyandger.
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Chronic Bronchitis

BenMAP provides an effect estimate for reductionsdses of chronic bronchitis
from Abbeyet al. (1995). The study examined the relationship betweM s, PMy,, and
TSP and chronic respiratory symptoms in a popuiatiol,868 Californian Seventh Day
Adventists. In the single pollutant models, loegat exposures to elevated ambient
concentrations of Pk showed a statistically significant associationvdevelopment of
symptoms of chronic bronchitis between 1977 and’198he C-R response function
used by BenMAP to estimate the change in chroroadiritis incidences follows the
following logistic form:

Equation 2-9.
ACases of Chronic Bronchitis = (1-(1/((1-1)*¢®"2Q+1)))*I*P*(1- Prevalence)

wherep is the pollution coefficient, | is the incidencde,AQ is change in Pl
concentration, P is the population 27 years androddthout chronic bronchitis, and
Prevalence is the prevalence of chronic bronchitis in theydapon.

Acute Myocardial I nfarctions (Non-Fatal)

We estimated the association of Pj@xposure to non-fatal heart attacks using
Peterst al. (2001). This is the only currently available UsBidy that provides a
specific estimate for heart attacks (EPA, 200%teRet al. (2001) used a case-crossover
approach to analyze evidence that exposures tg;BMvated the risk of myocardial
infarctions (MI). The investigators interviewedZ/Fatients with Ml in the greater
Boston area from 1995 and 1996 as part of the Bants of Myocardial Infarction
Study while collecting hourly concentrations of Pdvblack carbon, and gaseous air
pollutants. Using a conditional logistic regressamalysis, Peteet al. (2001) estimated
an odds ratio of 1.69 (95% confidence interval £312.34) for an increase of 2@/m°
in the 24-hr PMs concentration on the day before the onset. Tbhdds ratios were
converted to a pollution coefficient and a standardr to be used in the following
logistic C-R function:

Equation 2-10.
ACases of Acute MI = (1-(L/((1-1*A)*e A A yyxxAxp

where | is the incidence rate, A is a constantjast the incidence rate to number of Mi
cases that survive 28 days (93 percghi3,the pollution coefficientAQ is change in
PM, s concentration, and P is the population above H8syef age.

Hospital Admissions, Respiratory

We estimated total avoided incidences of respiyatospital admissions by using
impact functions for several respiratory conditiomduding chronic obstructive
pulmonary disease (COPD), pneumonia, and asthma. sTudies were used to estimate
COPD in populations above 65 years old, MoolgayRa03) and Ito (2003). The Ito
(2003) estimate is based on a study publishedatoatgze Lippman (2000) to address
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issues with the S-plus default convergence critefiae original study, performed during
1985-1990 and 1992-1994, examined the associagitwelen particulate matter and
hospitalizations among adults above 65 years of 8gaMAP estimates the health
benefits using a log-linear model (Equation 2-2hva pollutant coefficient derived from
lto’s reported relative risk of 1.043 for a B§/m’ increase in 24-hr Ppt. We pooled
the estimate from Ito (2003) for populations ab6%eyears with Moolgavkar (2003).
Moolgavkar (2000a) first used generalized additmadels to analyze daily admissions
for COPD in Cook County, IL, Los Angeles County, G&d Maricopa County, AZ
between 1987 and 1995. The results were thenlsgaokbin Moolgavkar (2003) to
address issues with the S-plus default convergemegia. The reanalysis provided the
effect estimate used for COPD in populations alifvgears of age while the original
analysis (Moolgavkar, 2000a) provided the effetineste for populations between 18
and 65. We therefore provided a separate estifoa@OPD in populations between 18
and 65 from the Los Angeles effect estimate derfvath Moolgavkar (2000a) and an
estimate for adults above 65 pooled from Ito (2Q28) Moolgavar (2003).

We estimated the avoided cases of hospital admissioe to pneumonia in
populations above 65 using estimates publishetbi(D03). The estimates are based on
the same Detroit, Ml study population used to dewe¢he COPD estimates. Ito (2003)
applied a Poisson regression model with generabzelitive models to develop a risk
estimate that showed a statistically significatatrenship between pneumonia related
hospital admissions and 24-hr PM The relative risk of 1.154 for a $&/m° increase
in 24-hr PM s was used to generate a pollutant coefficient tadeal in a log-linear C-R
function (Equation 2-2).

Sheppard (2003) provides a reanalysis of Shepd&@Bj, investigating the
relationship between air pollution and hospital &mons for asthma in Seattle between
1987 and 1994. The study, reanalyzed in 2003skués involving the S-plus default
convergence criteria, used a Poisson regressiolnaatth control for temperature,
season, and long term trends. Sheppard (2003jteeba statistically significant
association between 24-hour average, Pbbncentrations and asthma related hospital
admissions. The relative risk of 1.04 for an 1ig8n® increase in 24-hr Ppg was used
to generate a pollutant coefficient to be usedlogdinear C-R function (Equation 2-2).

Hospital Admissions, Cardiovascular

We used effect estimates from three studies tesagke benefits of reduced
hospital admissions due to cardiovascular illn&ssolgavkar, 2000b; Moolgavkar,
2003; Ito, 2003). In our analysis, we provide safgresults for hospital admissions due
to all cardiovascular illness not including MI (Mgavkar, 2000b; Moolgavkar, 2003),
ischemic heart disease (Ito, 2003), dysrythmig @@03), and congestive heart failure
(Ito, 2003).

Moolgavkar (2000b; 2003) provides effect estimakescribing the association of
ambient PM and hospital admissions due to cardiovasculagsén The 2003 paper
reports the updated results of 2000b after addrgdbe S-plus default convergence
criteria issue. In these studies, Moolgavkar ws@wisson regression model with
generalized additive models to analyze data frametieities — Los Angeles, Chicago,
and Phoenix. Pl analysis was performed on the population withis Bmgeles. For
populations between 18 and 65, we used the logilifumction based on the effect
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estimate from Moolgavkar (2000b) (1.4 percent iaseein hospital admissions due to
cardiovascular illness associated with gum® increase in PMs). For populations
above 65, we used the log-linear function basethereffect estimate from Moolgavkar
(2003) (1.58 percent increase in hospital admissture to cardiovascular illness
associated with a 6g/m’® increase in PMs). Since these estimates describe different
populations we present the benefits to each segarat

In addition to providing estimates for hospital aslstrons due to COPD and
pneumonia, Ito (2003) reported effect estimatedfmpital admissions due to ischemic
heart disease, congestive heart failure, and dysrgt Ito (2003) was a reanalysis of
Lippmann (2000), a study investigating the assamidbetween particulate matter and
daily mortality and hospitalization among the elgan Detroit, MIl. Table 2-3 below
illustrates the reported effect estimates for tiffei@nt cardiovascular endpoints
examined in the BenMAP analysis.

Table 2-3. Effect estimates for hospital admissiordue to
cardiovascular illness from Ito (2003).

Reason for Hospital BenMAP C-R

Admission Effect Estimate | Form of Effect Estimate | Function Form
Relative risk for 36 ug/m3

Dysrythmia 1.046 | increase in 24-hr PM2.5 Log-Linear
Relative risk for 36 pg/m3

Ischemic Heart Disease 1.053 | increase in 24-hr PM2.5 Log-Linear
Relative risk for 36 pg/m3

Congestive Heart Failure 1.17 | increase in 24-hr PM2.5 Log-Linear

Asthma Related Emergency Room Visits

We estimated the effects of BMexposure on incidences of asthma related
emergency room visits by using the effect estinfrat@ a study by Norrist al. (1999).
The study examined the association between finicpkate matter and emergency room
visits for asthma in Seattle, WA among childrenemti8 years. It found a significant
association showing a change ofigm® in PM, s was associated with an increased
relative rate of asthma emergency room visits &5 195% confidence interval = 1.08-
1.23). EPA (2005) noted that children tend to haigher rates of hospitalization, thus
this estimate should capture a large part of thmarhof PM s on asthma ER visits in the
population, but there may still be significant inofsin older populations not represented
here. We used the effect estimate from Natra. (1999) in a log-linear C-R function
to describe the benefits in the population belowdars old.

Work Loss Days

Work loss days are a measure of days of work losttd exposures to elevated
PM, s (personal symptoms or caring for a sick relatiwdje estimated days of work lost
due to PM; using a log-linear C-R function (Equation 2-2)ided from Ostro (1987), a
6-year, nationwide study performed between 19761881. Ostro (1987) utilized a
national survey to estimate work loss days andicéstl activity days and how exposure
to PM, s were correlated to these endpoints. Based onraggign analysis, Ostro (1987)
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reported that two-week average Pjxposures were significantly associated with work-
loss days in a population between 18 and 65.

Lower Respiratory Symptoms

To estimate the effect of PMon lower respiratory symptoms, we used an effect
estimate derived from Schwartz and Neas (2000)paksof the Harvard Six City Diary
Study, Schwartz and Neas (2000) examined the aggotof PM s on lower respiratory
symptoms in 1,184 school children in grades 2 thihdbiin six urban areas in the eastern
U.S. The investigators defined a day indicatingpecurrence of a lower respiratory
symptom as any day with a report of at least twoanfgh, phlegm from the chest, pain in
the chest, or wheezing. The study found a stediltyi significant association between
lower respiratory symptoms in the cohort of childesnd PMs. The BenMAP model
uses a pollution coefficient and standard erroivédrfrom the reported odds ratio in a
logistic C-R function (Equation 2-10) applied t@thopulation between ages 7 and 14.

Asthma Exacerbation

We estimated the effects of BMexposure on a variety of acute effects in
asthmatic children between 6 and 18 years of &ge.developed estimates of reductions
in symptoms of shortness of breath and wheezing fostroet al. (2001) and an
estimate of reduction in cough symptoms based mroéed estimate from Osteb al.
(2001) and Vedadt al. (1998).

Ostroet al. (2001) gathered daily data on respiratory symptameng a group of
138 African-American children between the ages ah@ 13 who had physician
diagnosed asthma. Using a logistical regressiotemthe authors developed odds ratios
to describe the relationship between elevatedqudatie matter, ozone, and hénd
three asthma symptoms, cough, wheeze, and shodhbsesath. Similarly, Vedadt al.
(1998) used a logistical regression model to exarttie relationship between particulate
matter and cough symptoms among asthmatic chiloeémeen the ages of 6 and 13
years in Vancouver, BC. We described the effetiineses for wheeze and shortness of
breath from Ostret al. (2001) and the effect estimate for cough from algub estimate
of Ostroet al. (2001) and Vedadt al. (1998). Table 2-4 below shows the published
effect estimates used by BenMAP.

Table 2-4. Effect estimates used by BenMAP to estate
benefits from asthma exacerbation.

Effect BenMAP C-R
Asthma Symptom Estimate | Form of Effect Estimate Function Form
Shortness of Breath, Ostro et
al. (2001) 1.10 | Odds Ratio, 12-hr PM2.5 Logistic
Wheeze, Ostro et al. (2001) 1.08 | Odds Ratio, 12-hr PM2.5 Logistic
Cough, Ostro et al. (2001) 1.10 | Odds Ratio, 12-hr PM2.5 Logistic
Cough, Vedal et al. (1998) 1.07 | Odds Ratio, 24-hr PM2.5 Logistic
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Acute Bronchitis

We estimated benefits from reductions in casesuateabronchitis from estimates
developed by Dockerst al. (1996). The study investigated the health effetts
exposures to acidic air pollution in 13,369 whitédren between the ages of 8 and 12
years old in 24 communities between 1988 and 199k study developed estimates of
pollutant exposures on cases of bronchitis, astiwheagze, cough, and phlegm. Cases of
bronchitis were defined as a chest illness diaghasebronchitis occurring within the
previous 12 months. Although this does not diffiéisge between temporary, chronic, or
acute bronchitis, BenMAP assumes this estimateridbesccases of acute bronchitis (Abt,
2005). BenMAP uses a logistic C-R function based odds ratio of 1.50 (95%
C1=0.91-2.47) associated with being in the moslyped! city versus the least polluted
city.

2.8.3.Economic Value for Health Benefits

Concentration-response functions derived from apidigic studies provide
estimates of the number of incidences avoidedpzfridcular adverse health effect
attributed to a reduction in air pollution. Aniesate of the value of this reduced risk can
be described as either a willingness to pay (WTRJpst of illness (COIl) or a
combination of the two. The WTP describes the weddiost of a certain health endpoint
along with value associated with avoiding the @ad suffering resulting from the
illness. In many cases, WTP estimates are noladl@j and the value of a health benefit
is described by the COl, or the cost of treatingllaess combined with the value of lost
productivity. The COI estimates generally undeneste the true health benefit because
they do not include the value of avoided pain arftesing from the health the effect
(EPA 2005).

In the following sections, we offer a short destoip of the valuation estimates
used in this analysis for various health endpoifist a more thorough discussion refer
to Abt (2005), EPA (2005), and EPA (2007). A sumyna the unit values used in this
analysis can be found in Table 2-5.
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Table 2-5. Unit values for health incidences used benefits analysis (Abt, 2005).

Endpoint Group
Mortality

Endpoint

Unit Value of Avoided

Incidence (2000%)

Hospital Admissions,
Respiratory

Mortality, All Ages $6,324,101
All Respiratory, >65 Years $18,393
All Respiratory, <2 Years $7,759
Pneumonia, >65 years $17,844
COPD, >65 Years $13,648
Asthma $7,788
All Cardiovascular, >65 years $21,191
Congestive Heart Failure, >65 $15,218
Dysrythmia $15,237
Ischemic Heart Disease $25,876

Emergency Room Visits

Asthma Related Emergency
Room Visits

$261-$312, Pooled Estimate

School Loss days

School Loss Day

$75

Work Loss Days

Work Loss Days

Based on county specific
median daily wage

Chronic Bronchitis

Chronic Bronchitis, >30 Years

$340,482

Acute Bronchitis

Acute Bronchitis, Ages 8-12

$374

Acute Myocardial Infarction

Acute MI, Age specific estimates

$66,000-$143,000*

Lower Respiratory Symptoms,

Lower Respiratory Symptoms Ages 7-14 $187
Cough, Shortness of Breath,
Asthma Exacerbations Wheeze, Ages 6-18 $74

Mortality Valuation

* Value estimate is age specific, range is showe.he

To estimate the economic benefit associated withaed mortality risk, we used
the “value of statistical lives” saved (VSL) apptbhavailable in BenMAP. The VSL
estimate is based on 26 value of life studies, withean estimate of 6.3 million dollars
(2000%) per avoided incidence of mortality. Of #&evalue of life studies, some gather
WTP estimates from study subjects while othersnarge-risk studies that derive WTP
estimates from information about the additional pensation demanded for riskier jobs.
The VSL value used here does not distinguish anpeiogle based on age or quality of
life, thus applied equally to all premature deaths.

Hospital Admissions Valuation

To estimate the economic benefits associated widtbaed hospital admissions
due to a variety of health endpoints, we used tis¢ af illness estimates available in
BenMAP (cost of medical treatment plus estimateafes lost). Because estimates of
WTP were unavailable, these estimates tend todsebdidownward as they do not
include the value of avoiding pain and suffering.

The COI estimates available are specific to théviddal health endpoint as
classified by the International Classification aé&ases (ICD). The estimates are
calculated as the year 2000$ sum of hospital ceaagd cost of time spent in the
hospital, estimated as the value of lost daily wagased on the county-specific median

wage).
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Emergency Room Visits due to Asthma Valuation

We estimated the value of reduced asthma relatedittR by pooling the two
COl estimates available in BenMAP (Smétal., 1997; Stanfordt al., 1999). Smitlet
al. (1997) estimated the average cost per emergepay visit for asthma at $312 while
Stanfordet al. (1999) estimated the cost at $261. We poolecetheBmates to present
the COl-based value of avoided incidences of ERsvikie to asthma.

Worker Productivity Valuation

Crocker and Horst (1981) estimated the value akmeed worker productivity
with decreased ozone concentrations for outdomrsciworkers in southern California.
Both incidences and value of the benefit are diesdras loss of income due to reduced
worker productivity.

School Loss Days Valuation

BenMAP offers a single estimate for the value dfcgd loss days. The estimate
is based orthe probability that if a child stays home from schaoparent will have to
stay home from work ttakecare of the child. The value is based on the vafube
parent’s lost productivity. This was done by fiestimating the number of single,
married, and “other” (i.e., widowed, divorced, eparated) women with children in the
workforce. Then, based on the median wage for woat®ve 25 years old, the value of
a missed day of work is estimated. This valuééntused as the value of a school loss
day.

This method for valuing school loss days likely erestimates the true value as
the WTP is not included in the estimate and onhost absences resulting in a missed
day of work for the parent is quantified. Abt (B)@onsiders this valuation estimate an
“interim” value until an alternative method for thaluation of this health endpoint is
developed. In addition, BenMAP calculates schbgkeaces based on the assumption
that children are in school during all of May, tweeks in June, one week in August, and
all of September. The estimated health benefitsa@ccount for absences during
summer school sessions.

Chronic Bronchitis Valuation

Following the methodology employed by EPA 2005,esémate the value of
reduced incidences of chronic bronchitis usingWhEP estimate based on Viscesal.
(1991). Because Viscudial. (1991) describes the WTP for severe cases of ehron
bronchitis, BenMAP uses an adjusted estimate towddor the likelihood that an
average case of pollution-related chronic bronslsgtinot severe. Details on the
adjustment procedure can be found in Abt (2005).

Acute Bronchitis Valuation

BenMAP estimates the value of reduced incidencegwffe bronchitis in children
based on WTP data on bronchitis related symptohins.(2005) notes that WTP
estimates have not been developed for cases @& bhoonchitis and need to be
extrapolated from data on symptoms related to dmelicion. Additionally, WTP data on
symptoms associated with acute bronchitis are @viailonly in adults. Therefore, the
estimate within BenMAP is based on an adjustedevphaviously used in EPA’s benefit
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analyses. The unit value has been adjusted taiatéar the duration of events of acute
bronchitis and data showing that parents are willmpay about twice as much to avoid
sickness in their children as in themselves (Digikgl., 2002). We based the acute
bronchitis valuation estimate on the Diatyal. (2002) estimate of the cost of a case of
acute bronchitis with 28 symptom days. Detailglmunit values and adjustment
methods can be found in Abt (2005).

Acute Myocardial Infarctions (Non-Fatal) Valuation

BenMAP contains several age-specific COI estimtitascan be used to assign a
value to an avoided incidence of myocardial infarct In this analysis, we applied a
methodology similar to that used in EPA’s CAIR Rlagory Impact Analysis (EPA,
2005). We used a simple average of the cost estinavailable from Russet al.
(1998) and Wittelgt al. (1990). These studies estimate the expectedrtatdical cost
of a myocardial infarction over five years, offeparate estimates for different age
categories, and use a 3 percent discount rateimatue calculation.

Work Loss Days Valuation

The value of a lost day of work is calculated basedhe county-specific median
daily wages. The total value is simply the prodefoivork days missed and the median
daily wage within the county.

Asthma Exacerbation Valuation

Of the several valuation units available, we useéstimate based on a study
performed by Dickyet al. (2002). BenMAP relies on this study’s WTP estieiair an
avoided incidence of childhood asthma. The es#@nsatoubled based on evidence from
Dicky et al. (2002) that parents are willing to pay about twasamuch to avoid
symptoms and illness in their children as in thduese
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3. BENEFITS OF CAIR-PLUS CONTROL SCENARIO

3.1. Benefits from Reductions in Ozone

We utilized CALGRID model output and 2002 monitgyidata to provide
estimates of ozone concentrations in 2018 undéd &8 control scenario and a CAIR+
control scenario. We quantified the benefits basethe difference of these two control
scenarios to determine what health benefits caattbbuted to implementation of the
CAIR+ program.

The majority of the ozone health impact studiesbased on changes in the 1-hr
maximum ozone concentration and the 24-hr meanezoncentration. BenMAP uses
the change in these metrics to calculate the chenigek of experiencing an adverse
health endpoint, and in turn the reduced numbéradences. Figure 3-1 and Figure 3-2
show the average change in 1-hr max and 24-hr wsame concentrations during the
2018 ozone season between the BOTW scenario ari@iiliet scenario.

Figure 3-1. Average change in 1-hr maximum ozone noentration due to CAIR+
measures during 2018 ozone season (Ma§-$Sept. 3d"),
ppb (positive numbers indicates an ozone decrease)
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Figure 3-2. Average change in 24-hr mean ozone camdration due to CAIR+
measures during 2018 ozone season (Ma¥-$ept. 3d"),
ppb (positive numbers indicate an ozone decrease)
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Figure 3-1and Figure 3-2 indicate that while thrgdst decreases in ozone levels
due to CAIR+ are occurring in the south/southeagion, the OTR states still see
decreases in average ozone concentrations. Vgniain metropolitan areas, such as
Boston and Philadelphia, we see increases in ageagne concentrations. We
investigated this by looking at the diurnal prddifer the CAIR+ and BOTW scenarios
within the grid cells surrounding the cities whakerage increases were found. In these
grid cells, we saw slight to moderately higher thplevels in the CAIR+ case during the
nighttime hours while hourly concentrations durihg day time were very similar in the
two cases. Nighttime levels were between 5 anppb0depending on the grid cell while
differences between the two cases at night wererghy between 5 and 10 ppb. The
wide availability of NOx in urban environments rdlyi depletes ozone concentrations
after sunset when ozone production is no longenggilace, an effect known as NOx
scavenging. We conclude that the CALGRID and BemMAsults reflect a decrease
in nighttime NOx scavenging which allow ozone carications to return closer to
natural background levels (~30ppb) than what iseriily observed during overnight
hours.

Based on the reduced ozone concentrations shotigumes 3-1 and 3-2, we
estimated the avoided incidences and value ofwbeled incidences of mortality and
several morbidity endpoints. Table 3-1 displaysriean of the estimated value of
reduced incidences of mortality and morbidity. @Wesent mortality as a range of
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estimates based on five studies examining thesakttip between elevated ozone
concentrations and mortality. More detailed estea@f avoided incidences along with
study specific mortality estimates and confidemterivals of the estimates can be found
in Appendix B.

Table 3-1. Summary of avoided incidences attributetb reduced
ozone due to CAIR+ in OTR states.

Hospital Admissions, All Loss of Income Due
Respiratory Endpoints, to Decreased Worker | Mortality (Range of Five
State ER Visits, Asthma | >64 Years and <2 Years School Loss Days Productivity Studies)
CT 2.0 19.4 3350 52694 1.3-29
DE 0.3 2.1 642 14732 0.1-0.6
DC 1.1 11.8 1438 11115 0.9-2
ME 0.5 6.1 865 102753 05-11
MD 9.5 90.0 14531 255691 5.8-13.1
MA 0.6 -2.0 1625 -44271 -1.3-1.8
NH 0.5 4.2 893 22557 0.3-0.8
NJ 35 22.7 6221 45732 1-6
NY 11.9 107.7 19439 356131 7.2-18
PA 6.2 44.3 10681 311259 2.3-13.4
RI 0.4 1.5 712 2558 0-0.8
VT 0.2 25 326 31347 0.2-04
VA 10.5 96.8 16470 544941 5.7-155
OTR Total 47.4 407.2 77191 1707240 24.4 - 76

Table 3-2 shows that reductions in 0zone due toR3Adontrol strategies could

result in 24 to 76 reduced incidences of prematuveality over all OTR states. Table

3-2 shows that these reductions result in the ntgjof the value of the program

predicted by BenMAP. Appendix B displays a mortailied state-by-state estimate of
the value of reduced incidences in OTR states.

ozone due to CAIR+ in OTR states.

Total Value of Avoided Respiratory
Endpoints- Hospital Admissions >64 Years
and <2 Years, Asthma ER Visits, School | Mortality- Range of
Loss Days, Decreased Worker Productivity | Five Studies (Millions
State (Millions of 2000%) of 20003%)
CT 0.59 8 -18.52
DE 0.09 0.35-3.91
DC 0.30 5.64-12.9
ME 0.26 2.9-6.92
MD 2.64 36.28 - 82.57
MA 0.00 -8.23-11.46
NH 0.15 1.58 - 5.27
NJ 0.79 6.06 - 37.57
NY 3.40 45.62 - 113.91
PA 1.70 14.22 - 84.45
RI 0.07 0.04 - 4.76
VT 0.09 1.18 - 2.65
VA 3.13 35.66 - 97.78
OTR Total 13.20 153.86 - 479.55

Table 3-2. Summary of the value of avoided incidems attributed to reduced
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Table 3-2 shows that a CAIR+ program could resufin estimated 167 to 493
million dollars in saved health costs due to avdiderbidity and mortality in 2018.
Over 90 percent of this estimate is based on thefliecalculated from reduced
incidences of premature mortality. Appendix B thgs the estimates of incidence and
value of each morbidity endpoint and mortality studed in this analysis as well as
confidence intervals calculated within BenMAP.

Figure 3-2 indicates that the majority of the CAIR#luced ozone reductions
tend to occur in the South and Southeast regiase® on our analysis, we estimate an
additional 43 million dollars in benefit from rededtincidences of respiratory endpoints
and 520 million to 1.4 billion dollars in benefiom reduced incidences in mortality in
the states outside of the OTR. Overall, CAIR+ Itssn an additional benefit of 560
million to 1.4 billion dollars of benefit in theades outside of the OTR (within the
modeled domain) due to reductions in ozone.

3.2. Benefits from Reductions in PM 5

We utilized the CALGRID model output and 2002 moririg data to estimate
PM, s concentrations in 2018 under a BOTW control saereard a CAIR+ control
scenario. Much like the method used to developguaity grids for ozone, we used the
ratio of the 2002 CALGRID modeling data to eachhsf future year scenarios to adjust
2002 monitoring data. The future year air qualitigs contained information on the 24-
hr average PMs concentrations for each of the future year scesaver the entire year.
The change in 24-hr PMis the only metric used to calculate avoided heaftdpoints
due to reduced exposures to PM

Figure 3-3 shows that while the majority of the RVeductions used in the
calculation of health benefits are expected to potthe southern states, significant
reductions also occur within the OTR. Within théR) the largest P reductions due
to CAIR+ occur in the southern part of the regidmlesthe northern states see a smaller
benefit from the program. The CALGRID modelinggiogs slight increases in Py
along the eastern coast of Massachusetts and ideRbkland. A more detailed
examination of this phenomenon revealed that tleemwdeled scenarios were developed
from IPM model runs that had different (and incstest) reference assumptions (e.g. the
price of natural gas). The result is that a sigaiit increase in coal-fired power
generation in the Northeast was modeled in the GAdéenario that was not a result of
the CAIR+ program itself (these simulated plantsiarthe IPM CAIR scenario as well
as the CAIR+ scenario that used the same assurgptiblowever, when we compare
this scenario to the BOTW scenario that used diffeassumptions (resulting in little or
no new coal generation in the region) we see prapeceased PM2.5 due to the input
assumptions not related to the CAIR+ program.
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Figure 3-3. Average change in 24-hr mean P4 concentration due to
CAIR+ measures during 2018 (Jan. %:-Dec. 31",
ug/m3 (positive numbers indicate a decrease)
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While this calls into question the specific bereefissessment for any given
location, we are confident that the overall regi@stimates of benefits are still valid
given the broad-based reductions required undeC&I&+ program. This analysis
would need to be repeated with air quality scemsaased on consistent IPM
assumptions in order to develop location-specsiineates of health benefits for the
CAIR+ program.

We applied the changes in R¥toncentrations predicted by CALGRID from
Figure 3-3 to estimate the magnitude and valuevoided adverse health endpoints
within the domain. Table 3-3 displays the totaidfé from all OTR states for all the
endpoints calculated within this study. State-#peestimates and confidence intervals
of the estimates are in Appendix B.
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Table 3-3. Summary of the number and value of avogll incidences
attributed to reduced PM; s due to CAIR+ in OTR states.

OTR Totals
Incidences (Mean) Value (mean, Millions of 2000%)

Mortality (Adults ages 30 and older) 228 1433.66
Mortality (Infants less than 1 year of age) 0.38 2.42
Acute Bronchitis (Children, ages 8-12) 319 0.12
Acute Myocardial Infarctions (Adults ages 18 and older) 404 26.65
As_tham Exacerbation Symptoms, Cough (asthmatic 2446 0.38
children, 6 to 18)
As_tham Exacerbation Symptoms, Wheeze (asthmatic 4282 0.67
children, 6 to 18)
Astham I_Exac_erbatlon Symptoms, Shortness of Breath 2708 0.42
(asthmatic children, 6 to 18)
Chronic Bronchitis (Adults 27 years and older) 145 48.80
Emergency Room Visits for Asthma (Children 17 years 166 0.05
and younger)
Hospital Admissions- Congestive Heart Failure (Adults 65

50 0.76
years and older)
Hospital Admissions- Dysrythmia (Adults 65 years and

14 0.22
older)
Hospital Admissions- Ischemic Heart Disease (Adults 65

25 0.66
years and older)

. - . 26 0.20

Hospital Admissions- Asthma (Population under 65 years)
Hospital Admissions- All Cardiovascular not including 87 186
Myocardial Infarction (Adults 65 years and older) '
Hospital Admissions- All Cardiovascular not including 5 1.02
Myocardial Infarction (Adults 18 to 64 years) '
Hospital Admissions- Chronic Lung Disease (Adults 65

22 0.29
years and older)
Hospital Admissions- Chronic Lung Disease (Adults 18-64 1 0.12
years) '
Hospital Admissions- Puemonia (Adults 65 years and

65 1.17
above)
Work Loss Days (Adults 18-65 years) 26716 3.66
Lower Respiratory Symptoms (Children, ages 7-14) 3793 0.71

Table 3-4 indicates that much like ozone, the nigjof the economic benefits of
CAIR+ reductions in PMs are due to reduced mortality in the region. ltuidtddoe noted,
however, that hundreds of emergency room visitsharsgpital admissions would also be
avoided each year. Table 3-4 displays the totaletasg benefit of CAIR+ reductions in
PM_sin the OTR for the three categories of benefitardiovascular endpoints,

respiratory endpoints, and mortality.

Table 3-4. Total estimated value of avoided incide®ss
attributed to reduced PM, s due to CAIR+ in OTR states.

Endpoint OTR Total Value (Millions of 2000%)
Mortality 1436.08
Cardiovascular Symptoms 31.17
Respiratory Symptoms 56.60
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In states outside the OTR, we see significant afdit benefits attributed to
CAIR+ reductions in PMs. Table 3-5 below displays the monetized benefgitates
outside the OTR (but within the modeling domainilatited to reductions in PM.
Overall we estimate that CAIR+ could result in Bikion dollars in benefits to the states
outside of the OTR.

Table 3-5. Total estimated value of avoided incide®s
attributed to reduced PM, s due to CAIR+ in states outside of OTR.

Total Value from States Outside OTR
Endpoint (Millions of 2000%)
Mortality 4185.95
Cardiovascular Symptoms 74.34
Respiratory Symptoms 165.57

3.3. CAIR+ Benefits Discussion

Based on our analysis of modeled concentratio2918 using BenMAP, we
estimated benefits from reductions of ozone and £Mthe OTR due to CAIR+ control
measures. We estimated a total value in 20185 lillion dollars from reductions in
PM, s exposure and a total value in the five month ozmeson in 2018 of 167 to 492
million dollars from reductions in 0zone exposuf@verall, the we estimate that the
CAIR+ program could result in 1.7 to 2.0 billionlidos in 2018 due to reduced adverse
health endpoints from exposures to 2Mnd ozone in the OTR. In states outside the
OTR, we estimated a benefit of 560 million to likidn dollars due to ozone reductions
and 4.4 billion dollars due to PMreductions- a total benefit of 5.5 to 5.8 billidallars.
Across the entire modeled domain (Eastern US) weated a total benefit to the
program of 6.7 to 7.8 billion dollars.

While the majority of the reductions in BMand ozone occur in the south and
southeast regions, a large benefit is also acaled) the East Coast. States showing the
largest benefit to these programs are along th#neouportion of the OTR including
Maryland, Virginia, New York, and New Jersey. FeWwenefits are seen in the northern
states such as Maine and New Hampshire as prajedtidicate that compliance with
CAIR+ tends to reduce power plant emissions toeatgr extent in the southern states.
In addition, the use of inconsistent input assuamgito the two IPM runs used to create
the different air quality scenarios result in estied increases of PMwithin some grid
cells. Some small increases in ozone in urbartimtscan be attributed to reduced
nighttime NOx scavenging. However, such increasa®wmall and limited in spatial
scale while the overall program results in largebemefits to the broader region.
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4. SO, CONTROL MEASURES IN MANE-VU

We analyzed a second set of control scenariosresipect to potential health
benefits based on four control strategies aimeddaicing regional haze at Class | areas
in the MANE-VU region. These programs include tseparate but linked low-sulfur
content fuel initiatives (the S1 and S2 strategig® BART provisions of the Regional
Haze Rule, and controls on EGUs at the 167 stadst hikely to affect MANE-VU
Class | areas (167 EGU strategy). This chapteewesthe control strategies in more
detail, describes the potential emissions redustiand describes the potential health
benefits of each strategy and the combination.

4.1. Reduced sulfur fuel content (S1 and S2)

The MANE-VU states have agreed through consultattorpursue a low sulfur
fuel strategy within the region. This phased sggtwould be implemented in two steps;
however, both components of the strategy are folbeimplemented by 2018. We have
analyzed both steps of the program as separategts, but it is the combined benefit of
implementing the program that is relevant to thestjon of program benefits.

The S1 strategy requires the lowering of fuel-gutiontent in distillate (#2 oil)
from current levels that range between 2,000 aBd@ppm down to 500 ppm by weight.
It also restricts the sale of heavier blends aftited oil (#4 fuel oil and #6 bunker fuels)
that have sulfur content greater than 0.25 persaifiir and 0.5 percent sulfur by weight,
respectively. The S2 strategy further reducesukedulfur content of the distillate
fraction to 15 ppm sulfur by weight. The residaglis maintained at the same S1 level
for this strategy.

The S1 strategy and S2 strategy are to be implexdentsequence with slightly
different timing for “inner zone” statésnd the remainder of MANE-VU. All states,
however, have agreed to pursue reductions thatdaake place no later than 2018.
Thus for the purposes of this analysis, we havenexad the benefits of the S1 and S2
strategies separately below.

Based on the fuel sulfur limits within the S1 st@t, we estimated a decrease of
140,000 tons of S£Oemitted from distillate combustion and 40,000 tohSQ; from
residual combustion in MANE-VU. Figure 4-1 disptaye resulting average change in
24-hr average Pl between the baseline case (OTB/OTW) and the doras® where
the S1 fuel strategy has been implemented.

We used the concentration changes in Figure 4-Yeatmoderive health benefits
and their associated valuation using BenMAP. Tdhleand Table 4-2 display the total
number of reduced incidences and value of reduggdances within MANE-VU,
VISTAS, and MWRPO. Because the S1 fuel sulfur progonly affects sources within
MANE-VU, that region sees the largest PMeduction and the greatest health benefits.

2 The inner zone includes New Jersey, Delaware, Xesk City, and potentially portions of eastern
Pennsylvania.
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Figure 4-1. Average change in 24-hr PMs due to S1 emission reductionguf/m?)
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Table 4-1. Avoided incidences attributed to reduce®M, s due to S1 fuel sulfur control.

Endpoint MANE-VU VISTAS MWRPO
Mortality (Adults ages 30 and older) 513 32.1 8.7
Mortality (Infants less than 1 year of age) 0.77 0.07 0.02
Acute Bronchitis (Children, ages 8-12) 754 50.9 12.9
Acute Myocardial Infarctions (Adults ages 18 and older) 145 9.6 2.49
Asthma Exacerbation Symptoms, Cough (asthmatic children, 6 to 18) 812 78.7 15.9
Asthma Exacerbation Symptoms, Wheeze (asthmatic children, 6 to 18) 1421 137.7 27.74
Qighrl%a)l Exacerbation Symptoms, Shortness of Breath (asthmatic children, 899 871 1755
Chronic Bronchitis (Adults 27 years and older) 337.5 22.1 5.61
Emergency Room Visits for Asthma (Children 17 years and younger) 44.8 6.84 1.64
Hospital Admissions- Congestive Heart Failure (Adults 65 years and older) 16.1 1.38 0.34
Hospital Admissions- Dysrythmia (Adults 65 years and older) 5 0.33 0.08
Hospital Admissions- Ischemic Heart Disease (Adults 65 years and older) 8.6 0.65 0.15
Hospital Admissions- Asthma (Population under 65 years) 10 0.59 0.13
Hospital Admissions- All Cardiovascular not including Myocardial

Infarction (Adults 65 years and older) 29.5 2.25 0.52
Hospital Admissions- All Cardiovascular not including Myocardial 14.7 13 0.22
Infarction (Adults 18 to 64 years) ) ) )
Hospital Admissions- Chronic Lung Disease (Adults 65 years and older) 7 0.61 0.14
Hospital Admissions- Chronic Lung Disease (Adults 18-64 years) 3.7 0.32 0.07
Hospital Admissions- Puemonia (Adults 65 years and above) 20.5 1.86 0.48
Work Loss Days (Adults 18-65 years) 8795 849 167

Lower Respiratory Symptoms (Children, ages 7-14) 1245 122 25
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Table 4-2. Value of avoided incidences attributedotreduced PM s
due to S1 fuel sulfur control (millions of 2000%).

MANE-VU VISTAS MWRPO

Mortality (Adults ages 30 and older) 3230 202 55
Mortality (Infants less than 1 year of age) 4.86 0.47 0.12
Acute Bronchitis (Children, ages 8-12) 0.28 0.02 0.005
Acute Myocardial Infarctions (Adults ages 18 and older) 9.55 0.63 0.16
Asthma Exacerbation Symptoms, Cough (asthmatic children, 6 to 18) 0.13 0.01 0.002
Asthma Exacerbation Symptoms, Wheeze (asthmatic children, 6 to 18) 0.22 0.02 0.004
Qighrlga)l Exacerbation Symptoms, Shortness of Breath (asthmatic children, 014 001 0.003
Chronic Bronchitis (Adults 27 years and older) 114 7 2
Emergency Room Visits for Asthma (Children 17 years and younger) 0.01 0 0
Hospital Admissions- Congestive Heart Failure (Adults 65 years and older) 0.25 0.02 0.005
Hospital Admissions- Dysrythmia (Adults 65 years and older) 0.08 0.01 0.001
Hospital Admissions- Ischemic Heart Disease (Adults 65 years and older) 0.22 0.02 0.004
Hospital Admissions- Asthma (Population under 65 years) 0.08 0 0.001
Hospital Admissions- All Cardiovascular not including Myocardial

Infarction (Adults 65 years and older) 0.63 0.05 0.011
Hospital Admissions- All Cardiovascular not including Myocardial

Infarction (Adults 18 to 64 years) 0.34 0.03 0.005
Hospital Admissions- Chronic Lung Disease (Adults 65 years and older) 0.1 0.01 0.002
Hospital Admissions- Chronic Lung Disease (Adults 18-64 years) 0.04 0 0.001
Hospital Admissions- Puemonia (Adults 65 years and above) 0.37 0.03 0.009
Work Loss Days (Adults 18-65 years) 1.24 0.1 0.021
Lower Respiratory Symptoms (Children, ages 7-14) 0.23 0.02 0.005

Table 4-3 displays the total value of the S1 prognmaeach of the three RPOs.
Implementation of this fuel strategy aimed at regichaze improvement could result in
almost 3.5 billion dollars of benefit to the MANEW\states. Additionally, this strategy
could result in 270 million dollars of health bemhéd the states within the VISTAS and
MWRPO states.

Table 4-3. Total value of avoided incidences attrilted to reduced PM 5
due to S1 fuel sulfur control (millions of 20003%).

Endpoint MANE-VU VISTAS MWRPO
Mortality 3234 203 55
Cardiovascular Symptoms 10.5 0.71 0.2
Respiratory Symptoms 117 7.7 2

The S2 fuel strategy further reduces the sulfuteatof distillate from 500 ppm
to 15 ppm while keeping the sulfur limits on resitlails to 0.25 percent and 0.5 percent
for No. 4 and No. 6 oils, respectively. By loweyithe distillate fuel sulfur limit from
500 ppm to 15 ppm we estimate an additional rednaif 27,000 tons of Smissions
in MANE-VU from distillate combustion in 2018. Rige 4-2 displays the average
change in 24-hr Pl calculated from CMAQ modeled concentrations betwibe S1
scenario and the S2 scenario. The change refleetsredicted change in Bildue
solely to the change from 500 ppm to 15 ppm dadéll Due to a high baseline fuel
sulfur level, the incremental change in Pioncentration is much smaller between 500
ppm and 15 ppm than the baseline to 500 ppm I®l=srved in the S1 scenario.
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Figure 4-2. Average change in 24-hr PMs due to
S2 emission reductions, relative to Sjug/m°)
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Table 4-4 and Table 4-5 display the additional thelaénefits that can be realized
from the S2 portion of the fuel strategy. Tablé idicates that almost 450 million
dollars in health benefits could be accrued wittsarfuel sulfur strategy in MANE-VU.
An additional 28 million dollars in benefits coudé found in the VISTAS and MWRPO
states.
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Table 4-4. Avoided incidences attributed to reduceé@M; s due to
15 ppm fuel sulfur control relative to 500 ppm suldir limit.
Endpoint MANE-VU VISTAS MWRPO
Mortality (Adults ages 30 and older) 68 35 0.8
Mortality (Infants less than 1 year of age) 0.11 0.01 0.002
Acute Bronchitis (Children, ages 8-12) 103.9 5.6 12
Acute Myocardial Infarctions (Adults ages 18 and older) 18.99 1.06 0.22
Asthma Exacerbation Symptoms, Cough (asthmatic children, 6 to 18) 107 8.7 14
Asthma Exacerbation Symptoms, Wheeze (asthmatic children, 6 to 18) 188 15.2 2.4
Asthma Exacerbation Symptoms, Shortness of Breath (asthmatic children, 6 to
18) 119 9.6 15
Chronic Bronchitis (Adults 27 years and older) 46.1 25 0.54
Emergency Room Visits for Asthma (Children 17 years and younger) 5.91 0.76 0.14
Hospital Admissions- Congestive Heart Failure (Adults 65 years and older) 2.09 0.153 0.03
Hospital Admissions- Dysrythmia (Adults 65 years and older) 0.65 0.036 0.01
Hospital Admissions- Ischemic Heart Disease (Adults 65 years and older) 1.12 0.072 0.01
Hospital Admissions- Asthma (Population under 65 years) 1.33 0.065 0.012
Hospital Admissions- All Cardiovascular not including Myocardial Infarction 3.83 0.249 0.04
(Adults 65 years and older)
Hospital Admissions- All Cardiovascular not including Myocardial Infarction
(Adults 18 to 64 years) 1.92 0.144 0.02
Hospital Admissions- Chronic Lung Disease (Adults 65 years and older) 0.91 0.067 0.01
Hospital Admissions- Chronic Lung Disease (Adults 18-64 years) 0.49 0.035 0.006
Hospital Admissions- Puemonia (Adults 65 years and above) 2.66 0.21 0.042
Work Loss Days (Adults 18-65 years) 1175 94 14
Lower Respiratory Symptoms (Children, ages 7-14) 165 13 2
Table 4-5. Value of avoided incidences attributedotreduced PM s due to
15 ppm fuel sulfur control relative to 500 ppm suléir limit (millions of 2000$).
MANE-VU VISTAS MWRPO
Mortality (Adults ages 30 and older) 430 20 5.3
Mortality (Infants less than 1 year of age) 0.69 0.05 0.01
Acute Bronchitis (Children, ages 8-12) 0.04 0.002 0.0005
Acute Myocardial Infarctions (Adults ages 18 and older) 1.25 0.07 0.01
Asthma Exacerbation Symptoms, Cough (asthmatic children, 6 to 18) 0.02 0.001 0.0002
Asthma Exacerbation Symptoms, Wheeze (asthmatic children, 6 to 18) 0.03 0.002 0.0004
?;;hma Exacerbation Symptoms, Shortness of Breath (asthmatic children, 6 to 0.02 0.002 0.0002
Chronic Bronchitis (Adults 27 years and older) 15.55 0.83 0.18
Emergency Room Visits for Asthma (Children 17 years and younger) 0.002 0 0
Hospital Admissions- Congestive Heart Failure (Adults 65 years and older) 0.03 0.002 0.0005
Hospital Admissions- Dysrythmia (Adults 65 years and older) 0.01 0.001 0.0001
Hospital Admissions- Ischemic Heart Disease (Adults 65 years and older) 0.03 0.002 0.0003
Hospital Admissions- Asthma (Population under 65 years) 0.01 0.001 0.0001
Hospital Admissions- All Cardiovascular not including Myocardial Infarction 0.08 0.005 0.001
(Adults 65 years and older)
Hospital Admissions- All Cardiovascular not including Myocardial Infarction
(Adults 18 to 64 years) 0.04 0.003 0.0004
Hospital Admissions- Chronic Lung Disease (Adults 65 years and older) 0.01 0.001 0.0002
Hospital Admissions- Chronic Lung Disease (Adults 18-64 years) 0.01 0 0.0001
Hospital Admissions- Puemonia (Adults 65 years and above) 0.05 0.004 0.001
Work Loss Days (Adults 18-65 years) 0.17 0.011 0.002
Lower Respiratory Symptoms (Children, ages 7-14) 0.03 0.003 0.0004
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Table 4-6. Total value of avoided incidences attrited to reduced PM s due to
15 ppm fuel sulfur control relative to 500 ppm suléir limit (millions of 2000$).

Endpoint MANE-VU VISTAS MWRPO
Mortality 431 22 5
Cardiovascular Symptoms 1.38 0.08 0.02
Respiratory Symptoms 16 0.85 0.19

To determine the full benefit of the fuel stratesgoeing considered relative to the
OTB/OTW baseline, we can look at the combined benéthe S1 (500 ppm distillate
and 0.25/0.5 percent residual oil) strategg the S2 (15 ppm distillate) strategy. Table
4-7 shows the total value of avoided incidencestired to OTB/OTW from a 15 ppm
fuel sulfur limit program. The CMAQ and BenMAP nedthg results suggest that this
fuel program could result in 3.8 billion dollarshenefits for MANE-VU and an
additional 300 million dollars in benefits for tMeSTAS and MWRPO states.

Table 4-7. Total value of avoided incidences attrilted to reduced PM s due to
15 ppm fuel sulfur control relative to OTB/OTW (millions of 2000$).

Endpoint MANE-VU VISTAS MWRPO
Mortality 3665 225 60
Cardiovascular Symptoms 12 1 0
Respiratory Symptoms 133 9 2

4.2. Best Available Retrofit Program (BART)

To assess the impacts of the implementation oBthRT provisions of the
Regional Haze Rule, we included estimated redustaomicipated for 14 BART-eligible
facilities in MANE-VU in the 2018 CMAQ modeling alyais. An initial survey of state
staff indicated that these 14 units would posditgycontrolled under BART alone.

These states provided potential control technokogied levels of control, which were in
turn incorporated into the 2018 emission inventmmgjections. The survey approach can
be found in NESCAUM (2007b). Figure 4-3 displays tocations of the modeled

BART sources and estimated S@ductions expected in 2018.
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Figure 4-3. Potential reductions from BART-eligiblesources in the
MANE-VU region (tons)

Potential tons of SO2
Reduced by BART
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We applied the S£reductions at these 14 facilities relative to 2048
OTB/OTW emissions inventory. Figure 4-4 showsdklierage change in 24-hr BM
concentrations within the modeling domain usedaiowdate the health benefits.

Figure 4-4. Average change in 24-hr PMs due to
BART emission reductions fig/m®)
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Table 4-8 and Table 4-9 display the avoided inaigsrand value benefit
predicted from BenMAP. As expected, the majorityhe benefits are found in MANE-
VU as the emissions reductions occur in thesesstaigased on our BART analysis, we
expect 38,000 tons of S@ be reduced in MANE-VU at the 14 sources expktie
control based on BART alone. Table 4-8 and Tahkl® 4how that the reductions in O
at these 14 sources can result in 200 avoidedencis in mortality and a total monetary
benefit of 1.8 billion dollars in 2018.

Comparing across RPOs, we see that reductions RifBsdurces in the MANE-
VU region could result in benefits within other RECReducing 38,000 tons of S&t
five MANE-VU states could give an added benefiR60 million dollars in VISTAS
states and 80 million dollars in MWRPO states ih&0

Table 4-8. Avoided incidences attributed to reduce®M- s due to BART.

MANE-VU VISTAS MWRPO
Mortality (Adults ages 30 and older) 209 30.4 11.6
Mortality (Infants less than 1 year of age) 0.315 0.068 0.026
Acute Bronchitis (Children, ages 8-12) 308 47.5 17.3
Acute Myocardial Infarctions (Adults ages 18 and older) 61.7 9.05 3
Asthma Exacerbation Symptoms, Cough (asthmatic children, 6 to 18) 343.6 73.46 19.2
Asthma Exacerbation Symptoms, Wheeze (asthmatic children, 6 to 18) 601.4 128.56 33.6
éighina? Exacerbation Symptoms, Shortness of Breath (asthmatic children, 380.4 81.33 212
Chronic Bronchitis (Adults 27 years and older) 137.37 20.54 7.49
Emergency Room Visits for Asthma (Children 17 years and younger) 19.18 6.38 1.99
Hospital Admissions- Congestive Heart Failure (Adults 65 years and older) 6.83 L3 0.41
Hospital Admissions- Dysrythmia (Adults 65 years and older) 2.11 0.31 0.1
Hospital Admissions- Ischemic Heart Disease (Adults 65 years and older) 3.65 0.61 0.18
Hospital Admissions- Asthma (Population under 65 years) 4.19 0.55 0.16
Hospital Admissions- All Cardiovascular not including Myocardial Infarction 125 212 0.62
(Adults 65 years and older)
Hospital Admissions- All Cardiovascular not including Myocardial Infarction
(Adults 18 to 64 years) 6.29 122 0.27
Hospital Admissions- Chronic Lung Disease (Adults 65 years and older) 2.97 0.58 0.17
Hospital Admissions- Chronic Lung Disease (Adults 18-64 years) 1.59 0.3 0.09
Hospital Admissions- Puemonia (Adults 65 years and above) 8.7 1.76 0.58
Work Loss Days (Adults 18-65 years) 3694 788.3 202.5
Lower Respiratory Symptoms (Children, ages 7-14) 531 114 30
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Table 4-9. Value of avoided incidences attributedot
reduced PM s due to BART (millions of 2000%).

MANE-VU VISTAS MWRPO
Mortality (Adults ages 30 and older) 1319 191 73
Mortality (Infants less than 1 year of age) 1.98 0.431 0.163
Acute Bronchitis (Children, ages 8-12) 0.12 0.018 0.006
Acute Myocardial Infarctions (Adults ages 18 and older) 4.07 0.596 0.19
Asthma Exacerbation Symptoms, Cough (asthmatic children, 6 to 18) 0.05 0.011 0.003
Asthma Exacerbation Symptoms, Wheeze (asthmatic children, 6 to 18) 0.09 0.02 0.005
Qi;h:gj)l Exacerbation Symptoms, Shortness of Breath (asthmatic children, 0.06 0.013 0.003
Chronic Bronchitis (Adults 27 years and older) 46 6.9 25
Emergency Room Visits for Asthma (Children 17 years and younger) 0.005 0.002 0.001
Hospital Admissions- Congestive Heart Failure (Adults 65 years and older) 0105 0.02 0.006
Hospital Admissions- Dysrythmia (Adults 65 years and older) 0.03 0.005 0.001
Hospital Admissions- Ischemic Heart Disease (Adults 65 years and older) 0.09 0.016 0.005
Hospital Admissions- Asthma (Population under 65 years) 0.03 0.004 0.001
Hospital Admissions- All Cardiovascular not including Myocardial Infarction 0.27 0.045 0013
(Adults 65 years and older)
Hospital Admissions- All Cardiovascular not including Myocardial Infarction
(Adults 18 to 64 years) 0.14 0.028 0.006
Hospital Admissions- Chronic Lung Disease (Adults 65 years and older) 0.04 0.008 0.002
Hospital Admissions- Chronic Lung Disease (Adults 18-64 years) 0.02 0.003 0.001
Hospital Admissions- Puemonia (Adults 65 years and above) 0.16 0.031 0.01
Work Loss Days (Adults 18-65 years) 0.52 0.094 0.026
Lower Respiratory Symptoms (Children, ages 7-14) 0.099 0.021 0.006

Table 4-10. Total Value of avoided incidences attsuted
to reduced PMy s due to BART (millions of 2000%$).

Endpoint MANE-VU VISTAS MWRPO
Mortality 1321 192 73
Cardiovascular Symptoms 4.5 0.7 0.2
Respiratory Symptoms 48 7 3

CMAQ and BenMAP modeling suggest that approximateBybillion dollars of
benefits from avoided adverse health outcomes doiletalized from BART in MANE-
VU. Although all the BART sources we modeled wexeated in MANE-VU, emission
reductions at these units resulted in an estin2f@dmillion dollars of health benefit in
the VISTAS and MWRPO states.

4.3. 167 EGU Strategy

The MANE-VU states have recognized that®@issions from power plants are
the single largest contributing sector to the vigjbimpairment experienced in northeast
Class | areas. The $@missions from power plants continue to dominlageinventory.
Sulfate formed through atmospheric processes frOmegissions are responsible for
over half the mass and approximately 70-80 peragtite extinction on the worst
visibility days (NESCAUM, 2006a,b). In order toseme that EGU controls are targeted
at those EGUs with the greatest impact on visiiitMANE-VU, a modeling analysis
was conducted to determine which sources those wefist of 167 EGU stacks was
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identified (MANE-VU, 2007) that includes the 100dast impacts at each MANE-VU
Class I site during 2002. MANE-VU is currently askfor 90 percent control on all
units emitting from those stacks by 2018 as padooisultations within MANE-VU and
with other RPOs.

The 167 EGU strategy, if implemented, could leathtge reductions in SO
emissions due to installation of stack control textbgies such as S@crubbers. To
determine the possible health benefits of this E®hbtrol program, we modeled 2018
emissions for the 167 EGUs in the Northeast, Sasthand Midwest at levels equal to
10 percent of their 2002 emissions. We used CMéa@odel sulfate concentrations in
2018 after implementation of this control programa @onverted sulfate concentrations
to PM, 5 concentrations. Figure 4-5 displays the averagage in 24-hr Pl seen
between the OTB/OTW baseline and the EGU stackabpitogram.

Figure 4-5. Average change in 24-hr PMs due to 167 EGU emission reductions

Average Change in 24hr
PM2.5 due to 167 EGU
-0.3-0
0-0.15
0.15-0.25
0.25 - 0.35
I 0.35-047
& B 0.47 - 0.63
I 0.63 - 0.94
I 0.94 - 1.83

Figure 4-5 shows that significant reductions of RMre predicted for the
MANE-VU region. Table 4-12 describes the number aalde of avoided incidences
estimated from BenMAP based on this reduction in, RMDf the four regional haze
programs discussed, we see the largest beneiituaéd to the 167 EGU stack control
program.
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Table 4-11. Avoided incidences attributed to reducePM; 5 from 167 EGU strategy.

Endpoint MANE-VU VISTAS MWRPO
Mortality (Adults ages 30 and older) 994 323 334
Mortality (Infants less than 1 year of age) 1.52 0.67 0.74
Acute Bronchitis (Children, ages 8-12) 1424 450 485
Acute Myocardial Infarctions (Adults ages 18 and older) 301 96 51
Asthma Exacerbation Symptoms, Cough (asthmatic children, 6 to 18) 1699 732 324
Asthma Exacerbation Symptoms, Wheeze (asthmatic children, 6 to 18) 2976 1282 568
gighzgl Exacerbation Symptoms, Shortness of Breath (asthmatic children, 1881 810 359
Chronic Bronchitis (Adults 27 years and older) 641 203.6 213
Emergency Room Visits for Asthma (Children 17 years and younger) 97 63.3 32
Hospital Admissions- Congestive Heart Failure (Adults 65 years and older) 34.3 14.2 L
Hospital Admissions- Dysrythmia (Adults 65 years and older) 10.5 3.4 1.7
Hospital Admissions- Ischemic Heart Disease (Adults 65 years and older) 18.1 6.73 32
Hospital Admissions- Asthma (Population under 65 years) 20.5 5.56 2.8
Hospital Admissions- All Cardiovascular not including Myocardial Infarction 62.3 2327 111
(Adults 65 years and older)
Hospital Admissions- All Cardiovascular not including Myocardial Infarction
(Adults 18 to 64 years) 31.03 12.62 49
Hospital Admissions- Chronic Lung Disease (Adults 65 years and older) 14.87 6.33 3.1
Hospital Admissions- Chronic Lung Disease (Adults 18-64 years) 7.85 3.14 1.6
Hospital Admissions- Puemonia (Adults 65 years and above) 43.72 19.18 10.1
Work Loss Days (Adults 18-65 years) 18392 7895 3474
Lower Respiratory Symptoms (Children, ages 7-14) 2610 1128 490

Table 4-12. Value of avoided incidences attributetb reduced

PM, s due to 167 EGU strategy (millions of 20003$).

Endpoint MANE-VU VISTAS MWRPO
Mortality (Adults ages 30 and older) 6261 2035 2107
Mortality (Infants less than 1 year of age) 9.61 4.23 4.64
Acute Bronchitis (Children, ages 8-12) 0.53 0.17 0.18
Acute Myocardial Infarctions (Adults ages 18 and older) 19.84 6.33 3.36
Asthma Exacerbation Symptoms, Cough (asthmatic children, 6 to 18) 0.27 0.11 0.05
Asthma Exacerbation Symptoms, Wheeze (asthmatic children, 6 to 18) 0.46 0.2 0.09
gighzgl Exacerbation Symptoms, Shortness of Breath (asthmatic children, 0.29 013 0.06
Chronic Bronchitis (Adults 27 years and older) 216.2 68.7 71.93
Emergency Room Visits for Asthma (Children 17 years and younger) 0.03 0.02 0.01
Hospital Admissions- Congestive Heart Failure (Adults 65 years and older) 053 0.22 011
Hospital Admissions- Dysrythmia (Adults 65 years and older) 0.16 0.05 0.03
Hospital Admissions- Ischemic Heart Disease (Adults 65 years and older) 0.47 0.17 0.08
Hospital Admissions- Asthma (Population under 65 years) 0.16 0.04 0.02
Hospital Admissions- All Cardiovascular not including Myocardial Infarction 133 0.49 0.24
(Adults 65 years and older)
Hospital Admissions- All Cardiovascular not including Myocardial Infarction
(Adults 18 to 64 years) 071 029 011
Hospital Admissions- Chronic Lung Disease (Adults 65 years and older) 0.2 0.08 0.04
Hospital Admissions- Chronic Lung Disease (Adults 18-64 years) 0.08 0.03 0.02
Hospital Admissions- Puemonia (Adults 65 years and above) 0.79 0.34 0.18
Work Loss Days (Adults 18-65 years) 2.6 0.9 0.41
Lower Respiratory Symptoms (Children, ages 7-14) 0.49 0.21 0.09

The CMAQ and BenMAP modeling suggests that 6.%doiltlollars in benefit
could be realized in MANE-VU in 2018 by adoptingoappriate controls at 167 EGU
stacks (Table 4-13). Because this control straeedgnds to sources in the VISTAS and
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MWRPO states, we see significant benefits to pdmuia within those states. Due to
controls at these sources, we estimate 2.1 bitlalars in benefits for the VISTAS states
and 2.2 billion dollars in benefits for the MWRPtes. The majority of this estimate
lies in the number of avoided mortalities as wénegste this program to reduce premature
mortality by 1,600 cases across the three RPOs.

Table 4-13. Total value of avoided incidences attyuted to reduced
PM, s due to 167 EGU strategy (millions of 20003$).

Endpoint MANE-VU VISTAS MWRPO
Mortality 6271 2040 2112
Cardiovascular Symptoms 22 7 4
Respiratory Symptoms 222 71 73

4.4. Summary of Regional Haze Program Benefits

While regional haze programs are designed to ingrasibility at Class | areas,
significant health benefits can also occur in MANB-with improved air quality. Table
4-14 displays the mean value of reduced adverdéhhreradpoints in MANE-VU for the
four haze programs.

Table 4-14. Total value of avoided incidences atbuted to reduced PM s due to
regional haze programs in MANE-VU (millions of 2008).

Endpoint S1 S2* BART EGU 4-Program Total
Mortality 3234 | 431 1321 6271 11246
Cardiovascular Symptoms 11 1 4 22 38
Respiratory Symptoms 117 16 48 222 401

* Avoided incidences are relative to S1.

Of the four programs, we estimate the 167 EGUegrato have the greatest
benefits for the region. This program focuses @UE that are the largest uncontrolled
emitters of S@and considerable improvement in air quality caekult with their
control. The first phase of a sulfur-in-fuels ltation (S1) leads to almost 3.4 billion
dollars of health benefit in MANE-VU. Controllinge fuel-sulfur content to 15 ppm
(S2) could lead to an additional 431 million dadlam benefit, bringing the total benefit
relative to OTB/OTW to 3.7 billion dollars of beiitef The BART estimate is based on
controls at 14 units likely to be controlled un@#RT alone and with no other program
that would satisfy the BART requirement. CMAQ @&ehMAP modeling suggest that
controls at these units could lead to 1.4 billi@lats of benefit in MANE-VU.

Looking across all regional haze programs, we ed8ra four program total of
11.7 billion dollars in health benefits to MANE-MVib 2018. We base this benefits
estimate on a 15 ppm fuel sulfur control, BART col#t on 14 units in MANE-VU, and
stack controls at 167 EGUs in the East, SouthaadtMidwest. Additionally, 4.9 billion
dollars of health benefit are estimated for théestavithin VISTAS and MWRPO in 2018
due to implementation of these haze control straseg
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5. BENEFITS ANALYSIS OF THE PROPOSED OZONE
NAAQS

5.1. Overview and Input Assumptions

To assess the benefits of alternative ozone stdadESCAUM estimated the
magnitude and value of avoided adverse health endpihat would result in attaining a
range of proposed ozone primary NAAQS in 2018. pingose of this benefits analysis
is to estimate what additional benefits can bewsatiby reducing ozone levels to various
attainment levels beyond levels reached by a sfiidetual and hypothetical control
programs — in this case the “Beyond On The Way” B programs and the “Clean
Air Interstate Rule Plus” (CAIR+) program — thaatsis in the Ozone Transport Region
(OTR) have considered in planning efforts to atthmcurrent 8-hour ozone NAAQS.

Future and current year ozone modeling was perfoiomyehe New Hampshire
Department of Environmental Services using thef@alia Photochemical Grid Model
(CALGRID). The model output reflects expected lpozone concentrations in 2018
after implementing a suite of assumed BOTW cordti@tegies in the OTR and the
CAIR+ program in the eastern United States. Theeafishis hypothetical control
scenario is meant to create a base case in whecmdldeled region meets or is close to
meeting the current ozone NAAQS. Use of projectashe levels in 2018 in a scenario
attaining the current 8-hour NAAQS (0.08 ppm) asaaditributing to a revised primary
ozone NAAQS that portion of monetized health basdfiat would occur in any event
from meeting the current NAAQS. The hypotheticaasures incorporated in the base
case, however, are not necessarily the actual mesasube adopted by individual states
for attaining the present ozone NAAQS.

Using the CALGRID modeled concentrations (CALGRIDBdeling domain
described in Section 2.1) that have included alTBOmeasures and CAIR+ as our
baseline, we estimated the benefits of attainingetlalternative 8-hour standards, 60 ppb,
70 ppb, and 75 ppb {4highest daily 8-hour max) in the OTR using the.U.S
Environmental Protection Agency’s (EPA’s) Environmted Benefits Modeling and
Analysis Program (BenMAP). BenMAP can currentllyy back monitored ozone data to
user specified standards and calculate the heattbfits of the rollback. To take
advantage of BenMAP’s rollback capabilities, weorgfatted the CALGRID model
output data to a monitor format that the tool woakdept. This was done by first
generating a file that contained modeled valueslidhe monitors in our domain for the
period of May 15 through September 15. Each mositwurly modeled values were
defined as the 2018 CALGRID modeled concentratfonghe grid cell in which the
monitor resides. In addition to monitors that athg existed, we supplied modeling data
for grid cells with more than 25,000 people notteaning a monitor. This was done by
adding a new monitor at the center of the grid. cell

In our comparisons of 2002 CALGRID modeled data 2002 monitored data,
we found that the model generally underestimateditoeed ozone concentrations. We
therefore expect that our approach of using sotedgeling data to represent
concentrations in 2018 will give a conservativenaate of the benefits of attainment
(i.e., underestimate the monetized health benefiEs)ythermore, we do not include
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consideration of health benefits from reductionne particulate matter (PM) that
may occur as a result of reductions in ozone peecar

The 2018 CALGRID modeling data was rolled backaoteof the various health
standards using BenMAP’s quadratic rollback methdlde quadratic rollback method is
based on an algorithm developed by Horst and [L9®%), where large values are
reduced proportionally more than small values wjugt achieving the standard. We set
a background level of 40 ppb, which specifies tbgipn of the ozone concentration that
was not be affected by the rollback. Our assunzex® background is higher than the
policy relevant background used by the EPA of 0.1218.035 ppm (72 FR 37857), thus
is conservative and will tend to underestimate niaad health benefits.

BenMAP’s rollback method occurs in two steps. tritscalculates each
monitor’s 4" highest 8-hr max value and determines whethemibitor is in or out of
attainment of the specified standard. It then tgpsea list of target metric values for
each monitor by rolling back each day’s 8-hr malkigaising the quadratic method to
meet the attainment standard. In the second B&pVIAP rolls back the hourly values
at each monitor on each day to arrive to a sebaflia concentrations that meet the target
metric value calculated in the first step. Theraltanethod therefore gives new hourly
values at each monitor that place it in attainnoénbe defined standard.

After rolling back the monitor values to the defirstainment standard, the
monitor concentrations were interpolated to a 12gkitt in BenMAP using the Voronoi
Neighbor Averaging algorithm. We then calculatee benefits of the rollback within
each grid cell and aggregated these benefits aeautsstate within the domain.

The health benefits of the model data rollbackcateulated by applying
concentration response functions. These functideisyed from published
epidemiological studies, calculate the health respdrom a change in ozone
concentration, taking into account the populatiotniv each grid cell and the baseline
incidence rate. For our analysis, we chose fiudies on ozone mortality and 14 studies
on respiratory-based adverse health endpointsjdimgy hospital admissions due to
respiratory disease, emergency room visits dusttovaa, school absence days, and
decreased worker productivity. Using the reducettences attributed to improved air
quality, BenMAP calculates the value of reducti@mg a variety of Cost of lliness
(COI) and Willingness to Pay (WTP) valuation funcis available within BenMAP.
Table 2-1 in Section 2.8.1 describes the studieased in this rollback analysis.

5.2. Results

Applying the health impact and valuation functisa®stimated changes in ozone
concentrations gave estimates in reductions inradveealth effects and the associated
value of this reduction. Tables Table 5-1 throtighle 5-3 show the estimated
reductions in incidences attributed to attaining¢éhozone standards beyond
implementation of CAIR+ and BOTW measures for thstfixt of Columbia and each
state belonging to the Ozone Transport Region.leTadd through Table 5-6 show
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estimated value of these reductidnBor incidence results, we have presented each non
mortality health endpoint separately (with a consldimcidence for respiratory hospital
admissions in the elderly and children under 2 ye&rage) while mortality is shown as
the range of the five mortality studies used. hia valuation tables, we have presented
the combined value of all non-mortality health emidgs and the range of estimates from
the five mortality studies used in this analysis.

Table 5-1. Rollback from 2018 CAIR+ to 60 ppb
Ozone Standard, Estimated Avoided Incidences

Hospital Admissions, All Loss of Income Due to Mortality
ER Visits, Respiratory Endpoints, >64 School Loss Decreased Worker [|(Range of Five
State Asthma Years and <2 Years Days Productivity Studies)
CT 9.3 79.7 21,933 103,880 3.8-19.3
DE 25 25.2 6,316 69,363 1.1-58
DC 2.3 20.7 4,145 11,509 1.1-52
ME 0.2 3.2 602 25,807 0.2-0.8
MD 23.9 234.4 55,316 337,687 | 10.6-47.3
MA 9.9 84.8 24,077 117,724 3.8-21.6
NH 0.8 6.9 1,993 17,097 0.3-1.6
NJ 33.0 290.0 80,844 358,430 | 14.1-73.3
NY 36.3 309.2 89,418 336,746 | 13.8-78.1
PA 39.6 396.5 89,286 921,220 [ 24.4-104.3
RI 1.9 16.8 4,611 27,456 0.8-4.4
VT 0.0 0.1 20 444 0-0
VA 23.9 235.0 56,209 445,286 10 - 45
OTR Total 183.5 1,702.5 434,770 2,772,649 | 84 -406.7
Table 5-2. Rollback from 2018 CAIR+ to 70 ppb
Ozone Standard, Estimated Avoided Incidences
Hospital Admissions, All Loss of Income Due to
ER Visits, | Respiratory Endpoints, >64 | School Loss Decreased Worker Mortality (Range
State Asthma Years and <2 Years Days Productivity of Five Studies)
CT 5.3 46.1 12,982 54,523 2-115
DE 14 13.9 3,552 34,442 0.6-3.2
DC 1.6 14.9 3,045 7,821 0.8-3.9
ME 0.0 0.4 70 3,919 0-0.1
MD 15.4 157.0 37,628 200,285 6.7-32.1
MA 2.1 19.0 5,125 27,980 0.8-4.9
NH 0.1 0.8 209 2,222 0-0.2
NJ 18.8 171.8 48,642 202,596 7.9-444
NY 13.1 117.4 34,045 108,546 5-29.6
PA 22.4 228.4 53,610 480,424 13.2 - 62.6
RI 0.7 6.8 1,877 11,201 03-1.8
VT - - - - 0-0
VA 13.8 137.4 33,568 219,802 5.3-255
OTR Total 94.8 913.8 234,352 1,353,762 42.7 - 219.7

% The entry for Virginia in each of the tables is fioe entire state, thus includes incidences andetized
benefits beyond the DC metropolitan portion of Vfifg within the Ozone Transport Region.



Public Health Benefits of Reducing Ground-level Ozone & PM2.5 in the Northeast Page 5-4

Table 5-3. Rollback from 2018 CAIR+ to 75 ppb
Ozone Standard, Estimated Avoided Incidences

Hospital Admissions, All Loss of Income Due to
ER Visits, Respiratory Endpoints, >64 | School Loss Decreased Worker Mortality (Range
State Asthma Years and <2 Years Days Productivity of Five Studies)
CT 34 29.2 8,251 33,192 13-7.2
DE 0.8 7.8 2,031 18,085 0.3-1.8
DC 1.4 12.4 2,557 6,425 0.6-3.2
ME 0.0 0.0 1 25 0-0
MD 11.8 120.7 29,178 142,763 5-24.7
MA 0.2 2.1 572 3,772 0.1-06
NH 0.0 0.2 52 540 0-0
NJ 12.3 113.1 32,303 134,709 5.1-29.5
NY 7.1 64.2 18,735 53,422 2.7-16.2
PA 14.8 150.1 35,947 300,149 8.6 -41.7
RI 0.2 1.7 469 3,710 0.1-05
VT - - - - 0-0
VA 9.7 94.8 23,469 134,217 3.5-16.9
OTR Total 62 596 153,565 831,008 27.3-142.4
Table 5-4. Rollback from 2018 CAIR+ to 60 ppb
Ozone Standard, Estimated Value of Avoided Incideres
Total Value of Avoided Respiratory Endpoints-
Hospital Admissions >64 Years and <2 Years,
Asthma ER Visits, School Loss Days, Decreased Mortality- Range of Five
State Worker Productivity (Millions of 2000$) Studies (Millions of 2000$)
CT 2.78 23.99 - 121.97
DE 0.85 7.18 - 36.42
DC 0.60 7.16 - 33.07
ME 0.12 1.21-5.21
MD 7.44 66.89 - 298.59
MA 3.00 23.89 - 136.18
NH 0.25 1.83 - 10.07
NJ 10.13 88.74 - 462.5
NY 10.89 86.8 - 492.55
PA 13.11 153.72 - 658.38
RI 0.59 5.3-27.74
VT 0.00 0.03-0.18
VA 7.55 62.89 - 283.66
OTR Total 57.30 529.62 - 2566.52
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Table 5-5. Rollback from 2018 CAIR+ to 70 ppb
Ozone Standard, Estimated Value of Avoided Incideres

Total Value of Avoided Respiratory Endpoints-
Hospital Admissions >64 Years and <2 Years, Asthma
ER Visits, School Loss Days, Decreased Worker Mortality- Range of Five
State Productivity (Millions of 2000$) Studies (Millions of 2000$)
CT 1.61 12.91 - 72.26
DE 0.47 3.67 - 20.38
DC 0.43 4.9 -24.39
ME 0.01 0.15 - 0.67
MD 4.96 42 - 202.68
MA 0.65 5.36 - 30.7
NH 0.03 0.2-1.11
NJ 6.00 49.7 - 279.88
NY 4.10 31.45 - 186.69
PA 7.59 83.22 - 395.06
RI 0.24 2.03-11.34
VT 0.00 0-0
VA 4.38 33.37 - 160.99
OTR Total 30.48 268.96 - 1386.14
Table 5-6. Rollback from 2018 CAIR+ to 75 ppb
Ozone Standard, Estimated Value of Avoided Incideres
Total Value of Avoided Respiratory Endpoints- Hospital
Admissions >64 Years and <2 Years, Asthma ER Visits,
School Loss Days, Decreased Worker Productivity (Millions Mortality- Range of Five
State of 20003%) Studies (Millions of 2000$)
CT 1.02 8.08 - 45.73
DE 0.26 2.02 -11.47
DC 0.36 4.02 - 20.48
ME 0.00 0-0.02
MD 3.80 31.6 - 155.93
MA 0.07 0.64 - 3.55
NH 0.01 0.05-0.27
NJ 3.96 32.47 - 186.15
NY 2.24 17.01-102.4
PA 5.00 53.99 - 263.19
RI 0.06 0.52 - 2.89
VT 0.00 0-0
VA 3.01 21.86 - 106.62
OTR Total 19.79 172.25 - 898.72

The results above show that adopting an ozone NAAIE075 ppm (i.e., the

upper limit of EPA’s proposal) after CAIR+ couldstdt in an estimated 27 to 142
avoided premature deaths over the 2018 ozone seaftmnOTR. When added to the
benefits from avoided morbidity endpoints, we estiéna monetary benefit of 192 to 918
million dollar