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EXECUTIVE SUMMARY

EPA has finalized the nitrogen oxides (NOx) State implementation plan (SIP) call rule  The "NOx
SIP call” requires selected castern States to take actions to reduce emussions of NOx that contribute to
nonattainment of ozone standards in downwind States. For the purposes of this analy sis. EPA has modeled
an illustratn e State implementation scenario This Regulators Impact Analysis (RIA) and associated analy ses
are intended to generally mform the public about the potential costs and benefits that may result from this
scenario. but specific State actions will ulumately determine the actual costs and benefits of the NOx SIP call

At the same time that EPA promulgates the NOx SIP call. EPA 1s proposing NOx Federal
implementation plans (FIPs) that mav be needed 1f any State fails to comply with the final NOx SIP call
EPA 15 also proposing a response to Section 126 petitions which were filed by eight northeastern States
asking EPA o address air pollution transported from upwind States Pursuant to Executine Order 12866.
this RIA presents the potential costs. economic impacts and benefits of these rulemakings

The existing 1-hour and new 8-hour national ambient air quality standards (NAAQS) for ozone sct
levels necessan for the protection of human health and the environment  Under the Clean Air Act
Amendments of 1990 (CAAA). attainment of these standards depends on the implementation of State-
specific pollution control strategies contamed i SIPs. i conjunction with EPA promulgation of national
controls for some sources of pollution. to reduce NOx and volatile organic compound (VOC) emissions  The
NOx SIP call creates an effective. efficient and equitable approach for EPA and the States to promote
attammment with the current and new ozonc standards

In the NO~ SIP call. EPA 1s setting ozone season NOx budgets for States that arc in the SIP call
region Innearly all cases. these budgets will require States to seek lower emissions from their sources to
enablc the State to meet 1ts budget level To arrive at what the NOx budgets should be for the States. the
Agency considered alternatinve levels of reductions that States could reasonably require of sclected stationan
sources to reduce their summer NOx emiussions 1n the future  The final set of sources that EPA based the
State NOx budgets on includes large electricity generating umits. industrial boilers and combustion turbines.
stationans internal combustion engines. and cement manufacturing operations  Table ES-1 lists the major
regulatons alternatn es that EPA considered for each of the above sectors when 1t determined State-level NO~
cmissions budgets in the NOx SIP call  The shaded areas in the table show the options that EPA sclected
based largelv on the Agency 's determination (as explamed mn the preamble to this rulemaking) that the ozone
scason NO~ controls for a sector were highly cost-effectin ¢ and could be reasonably implemented in the near
future  For the clectricity generating units and industrial boilers and combustion turbines. the Agency
estimates the costs and emissions changes based on an emissions cap-and-trade program  For the remaining
sectors. EPA based 1ts analvsis on States placing direct controls on the umts covered

In this rule. EPA has offered to administer an emissions trading program for the States  However.
cach State 1s free to join the program. or alternatnely set up their own program to meet their NOx budget
Therefore. the actual NOx SIP call costs could vans from those that EPA estimates for the approach on which
it based the NOx budgets
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Table ES-1
Regulatory Alternatives by Source Category Groupings
for the NOx SIP Call

Non-Electricity Generating Units (non-EGUs)

All Other Stationary Sources--
Emissions Budgets Based on
Highest Ozone Season NOx

Reduction Achievable without a
Source Paving More Than:

Electricity Generating Units
(EGUs)--Emissions Budgets
Based on a NOx Limit of:

Industrial Boilers and
Combustion Turbines--Emissions
Budgets Based on a Reduction
from Uncontrolled Levels of:

(25 th mmBuw” $1.3000n

40%
O 20 b mmBu $2.000%0n

¢ 15 1b mmi3ta in Northeast.
020 b mmBuwn Midwest & 30% $3.000 ton
Southeast

012 I mmi3tu in Northeast.
O 13 Ib mmBtu in Miduwest 60% $4 000 1on
020 Ib'mmBtu in Southeast

0.15 Ib/mmBtu

7%, $5,000/ton
012 1 mmBuu

* Sce Chapter 1 1or a breabdown of the States covered m the NON SIP call

Emission Reductions. Costs, and Cost-effectiveness

Table ES-2 summarizes EPA estimates of the emission reductions. costs. and cost-effectiveness for
the regulaton approach that EPA selccted as the basis for the NOx SIP Call's NOx budgets  (Please note
Since these estimates were calculated EPA has fine-tuned 1ts estimates of the NOx budgets and an addendum
to this exccutiv e summan provides revised emission reduction. cost and cost-effectiveness information)
Onverall. 82% of the emission reductions expected under this regulators alternative are expected to come from
the clectric power industry. at an average ozone season cost-effectiveness of $1.468 perton The table
indicates the estimates of direct control costs for sources including costs associated with emissions
montitoring and reporting  The table also indicates the total administrative costs to State goyemments and
EPA In EPA’s analysis to support this rule. the Agency has shown that for the electric power industr. the
largest source of emissions for which 1t considered controls. a single trading program across the SIP call
region can provide a similar reduction to what direct command-and-control requirements would accomplish.
but do the job at lower cost  For this reason, the Agency is encouraging States to participate in the trading
program that 1t plans to admmmster
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Table ES-2

Estimate of Emission Reductions, Total Annual Costs,
and Cost-Effectis eness in 2007 of the EPA’s Selected Approach to NOx SIP Cali

Average Ozone
Ozone Season Season Cost
Sector NOx Emission Total Annual Cost Effectis ene ;
Reductions (millions 1990S) s Zr 070;
(1,000 tons) per ozone
season ton)
Electricity Generating Units * 938 $1.378 $1.468
Industrial Boilers and Turbines * 104 $133 $1.467
Internal Combustion fngimes 83 $100 $1.215
Cement Manufacturing © 16 $24 $1.438
Adnunistratinve Costs for EGUS $6
Admimistratn e Costs to States and 1PA $2
Total 1141 S1,660° f

* Does not mclude additional monitoring cost« (see later row)

® Includes additional monitoring and other admimistratinve costs associated with participating in the NOx emissions trading program
¢ Includes additronal monitoring and other administrative costs associated with the SIP call rule

¢ Numbers do not add duc 1o rounding

Economic Impacts

EPA considered what the economic impacts could be. if States implemented the regulatory approach
that EPA uscd to calculate the NOx SIP call budgets for electnicits generating umits - Electricity prices could
potentially rise in the NOx SIP call region by as much as 1 6 percent in 2007, 1f the power industn 1s pricing
1its power on the basis of marginal costs 1n a fully competitin e environment  The price increase will be less. 1f
these assumptions regarding the nature of the competitive environment do not hold  There will be more new
electric generation capacity built in response to the rule than will retire early (there will be hittle generation
capacity that closes) On net. EPA expects this NOx SIP call to create more new jobs (from pollution contro)
operations and mncreased natural gas use) than 1t reduces (due to a small decline n forecasted coal demand;

The analy sis of non-EGU sources indicates that fewer than 3% of potentially affected firms
experience costs 1n excess of 1% of rexenues. and just over 2% of potentially affected firms experience costs
in excess of 3% of revenues  EPA also examined the potential affect of the NOx SIP call on small entities
that meet the Small Business Admimistration's defimtion of “small © The Agency adopted several wavs of
mimmizing potential impacts on small entities for the final NOx SIP call rulemaking Of the nearly 1,200
small entities (both EGU and non-EGU) in the NOx SIP call region that have large NOx emissions sources.
only 150 are potentially affected by the SIP call rule. and onlv 41 have potential compliance costs 1n excess of
1% of total revenues EPA expects States to use these results to help them design control strategies that will
reduce or ehminate adverse impacts on small entities
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Benefits

The estimated change n the incidence of health and welfare effects 1s assessed for several modeled
air quality scenarios The estimated changes n incidence are then monetized by multiplying the estimated
change 1 incidence of each endpornt by its associated dollar value of avoiding an occurrence of an adverse
effect These endpoint-specific benefits are then summed across all affected areas to dernve an estimate of
total benefits  Because there arc potentially significant categories for which health and welfare benefits are
not quantified or monetized due to a lack of modehing and economic data. the benefit estimates presented 1n
this anah s1s should be considered incomplete

There are seyeral possible sets of assumptions underlying the benefits estimates in this analysis The
sct of assumptions underh ing the low end estimate represent a conservatiy € approach which assumes that
both human health and the eny ironment are less responsi ¢ to changes mn air pollutants  For example. the low
end assumes that no health effects arc associated with changes in PM. ; concentrations below a threshold of
13, ¢m’ Inaddition. the low end assumes that reductions in NOx cmissions hav¢ less positiv ¢ impacts on
PN air quahty relatnc to the high end case The high end estimate 1s based on a set of assumptions that
represent potenual benefits which would result if human health and the environment are more responsn e (o
reduced pollution levels than estimated 1n the low end  In addition. the high end assumes that reductions n
NO~ emussions have greater posttiv e impacts on PM air quahty relatne to the low end It should be
emphasized that the high and low ends of the plausible range are not the same as upper and lower bounds
For many of the quantitatin e assumpuions imvolved in the analy sis. credible. though less plausible. arguments
could be made for an even higher or lower chowce. which could lead to an even greater spread between the
high end and low end estimates

Table ES-3 lists the anuicipated health and welfare benefits categories that are reasonably assocrated
with reducing the regional transport of NOx. specify ing those for which sufficient quantitatin ¢ information
enists to permit benefit calculations  Because of the mability to monetize some existing benefit categories.
such as changes in pulmonan function and altered host defense mechanisms. some categories are not
included n the calculation of the monetized benefits
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Table ES-3
Ozone, NOx, and PM Benefits from the NOx SIP Call

Benefits of Ozone and NOx Reductions-- Benefits of PM Reductions--
Reductions in: Reductions in:
Quantified
Health Mortahty (short-term exposures) Mortality (long- and short-term exposures)
Hospital admissions for all respiratory illnesses Hospital admissions for
Acute resprraton ssmptoms all respiratory 1llnesses

congestive heart faiture
1ischemic heart disease
Acute and chrome bronchitis
Lower and upper respiratonn symptoms
Minor restricted activity days
Work loss davs

Welfare Commodity crop vield losses Houschold soiling
Commercial torest vield losses Impaired visibihn
Worker productivity josses Nitrogen deposition to estuarine and coastal waters
Unquantified
Health Airvay responsiveness Changes mn pulmonan function
Pulmonan mtlammation Morphological changes
Increased susceptibilitn to respiraton Altered host defense mechanisms
infection Other chronic respiratony disease
Acute inflammation and respiratory cell damage Cancer

Chromie respiratons damage Premature aging of lungs
UV-B (disbenefivy

Welfare Leosvstem and vegetation eftects in Class Matenals damage (other than consumer cleaning
areas (¢ g . national parks) cost savings)
Damages to urban ornamentals (¢ g .grass. Damage to ecosystems (¢ g . acid sulfate
flowers. shrubs and trees in urban areas) deposition)
Frun and vegetable crop losses Nitrates in drinking water
Reduced vields of tree seedhings and non- Brown clouds

commeraal forests
Damage to ecosystems
Matenals damage (other than consumer
cleaning cost savings)
Nitrates i drinking water
Brown clouds
Passie tertilization (disbenefity

Table ES-4 shows the range of total monetized benefits for the main health and welfare endpoint
groups associated with the emussions changes that most closely approxmmate the NOx SIP call budget The
range of values 1n this table 1s intended to represent the plausible range of the benefits that may result from
this rule after accounting for important uncertainties
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Table ES-4

Summary of Benefits in 2007 by Major Category for the

Selected Regulatory Alternatiy e’

(millions of 1990 dollars)

Category “Low ™ Assumption Set “High” Assumption Set
Ovone Health and Weltare $27 $1.353
Agnculwre & Forestn $260 $374
Nitrogen Deposition $238% $238
PM Health and Weltare $373 $2.005
Total S1.100 $4,170

? Potential benefit categories that have not been quantified and monetized are hsted 1n Table ES-3

Comparison of Costs and Monetized Benefits

Cost-benefit analy sis provides a v aluable framework for organizing and evaluating information on

the effects of environmental programs  This benefit-cost comparison s intended to generally inform the

public about the potenual costs and benefits that may result when control strategies to limit NOx emussions
for mitigating regional osone transport are implemented by the States
monetized benefits and total annual costs for the sclected alternative for setting State budgets in the NO~ SIP
call From EPA’s exammation of five major alternatn es for setting the NOx budget. there are several major

conclusions that can be drawn from this RIA

Table ES-3 presents a companison of

J For the “High™ assumption sct. monetized net benefits are positin e and substantial for all regulatory

alternatn cs

As modeled. Regionality 1 1s an inferior alternative. 1 ¢ . even though 0 20 Trading 1s less stringent 1t
achicyes greater benefits at lower total costs

Nct benefits arc greatest at the most stringent regulatony alternative evaluated.1e . 0 12 Trading For
the “High™ assumption set. net benefits are approximately 33 percent higher for the 0 12 Trading
relatne to the 0 13 Trading alternatine  For the “Low™ assumption set. net benefits arc positive only
for the (0 12 Trading alternatne

While net benefits are negative for the “Low ™ assumption set for all but the 0 12 Trading alternatn e.
1t 1s important to remember that while all of the costs are included. many benefit categories could not

be quantified In addition. the "Low™ assumption set estimate assumes that there are no reductions n
premature mortalits associated with ozone reductions Relaxing this one assumption would result 1n

positn e net benefits for all alternatives for the “"Low™ assumption set
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Table ES-3
Comparison of Annual Costs and Monetized Benefits in 2007 Associated with the NOx SIP Call
(millions of 1990 dolars)

Benefits Total Annual Annual Monetized Annual Net
Case Costs Benefits* Benefits
“Low " Assumption Set $1.660 $1.100 ($360)
“High™ Assumption Set $1.660 $4.170 $2.510

*There are many benefits of the NOv SIP call that EP.\ was not able to quantify or monetize

Limitations

Comparing the benefits and the costs provides onc framework for policy makers and the public to
assess policy alternatines  Not all the potential costs and benefits can be captured in any analvsis
EPA 1s generally able to estimate reasonably well the costs of pollution controls based on today's control

technology and assess the important impacts when 1t has sufficient information for 1ts analvsis EPA
compiled through the OTAG process and from many other sources sufficient information for this
rulemaking There are. howeyer. important limitations in the RIA analvsis

. EPA 15 increasingly able to estimate benefits from pollution controls. but EPA believes that
there are mamy important bencfits that 1t can not quantifs or monetize that are associated
with the NOx SIP call. including many health and welfare effects. There are also potential

disbenefits that arc not quantified. including passie nitrogen fertilization and UV-B

screening

. EPA must emplov different pollutant models to characterize the effects of alternatin e
policies on relevant pollutants  Not all atmospheric models have been wideh validated
against actual ambient data The Agency has chosen the best available models for its

application needs 1n this RIA and tried to make the most reasonable assumptions possible in

using them for predicting air quality changes

. There arc some data hmitations in some aspects of the RIA. despite the Agency s extensine
cfforts to compile nformation for this rulemaking While they exist. EPA believes that it has
used the models and assumptions that are made to conduct 1ts analy s1s 1n a reasonable way
bascd on the available evidence. but this should be kept in mind when reviewing various

aspects of the RIA s results

. Another factor that adds to the uncertainty of the results 1s the potential for pollution control
mnovations that can occur over time It 1s impossible to estimate how much of an impact. 1f
any. new technologies that are just now emerging mav have in lowering the comphance costs
for the NOx SIP call. which goes mnto effect in 2003 We can only recognize their possibie

influence
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. There 15 the uncertainty regarding future costs that exists duc to the flexibility that occurs
under the crmissions cap-and-trade program that EPA 1s encouraging the States to set up
The anahvsis that EPA has done to date has been fairly consen ath e in considering the
electnic power industn and large industrial boilers and combustion turbines operating
separately under their own trading programs  In reality. they should enter the same trading
pool and there should be greater efficiency and lower costs that result

. Quahtative and more detailed discussions of the above and other uncertamnties and
limitations are included 1n the analvsis  Where information and data exists. quantitative
characterizations of these uncertamties arc included However. data limitations prevent an
overall quantitatny ¢ esimate of the uncertainty associated with final estimates  Nevertheless.
the reader should keep all of these uncertainties and hmitations in mind when reviewing and
interpreting the results

. Despite the above hmitations. EPA believes that the RIA provides evidence that the benefits
resulting from the NOx SIP call will be up to two and one-half times the costs

Addendum to Executive Summary

In responsc to comments. EPA has revised the State NOx budgets that 1t set for the electric power
industny on the basis of 13 Ibs/mmBtus 1n the final davs of the rulemaking process The SIP call region
budget was lowered from 364 thousand tons of NOx during the ozone season to 5344 thousand tons of NOx
The Agencey also decided to create a “comphiance supplement pool™ for use 1n 2003 and allow banking with
flow controls n the trading program that EPA 1s encouraging States to undertake

For the adjustment of the NOx budget to 544 thousand tons for the electricity gencrating units. the
Ageney estimates that there will be a reduction of ozone season NOx emissions by 938 thousand tons i 2007
at an annual cost of $1.440 nullion  Thus 1s an average cost-effectineness of $1.503 per ton of NOx
reductions during the osone scason  The total ozone scason NOx emission reductions from the NOx SIP call
if the States implement the program the way EPA used to set the budget 1s 1.161 thousand tons

An adjustment to the emissions imventory for the non-EGU sources was also made as a result of
public comments  The reanalysis following these emission myentory adjustments indicated only munor
changes 1n the costs  Benefit estimates are not recalculated for either adjustments to the NOx budget or
emission 1y entory . but the conclusions drawn from the RIA are not expected to differ significanth
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Chapter 1. INTRODUCTION AND BACKGROUND

1.1 Introduction

This document presents a Regulators Impact Analysis for the final NOx SIP call rule. which
addresses regional transport 1ssues related to ozone attamment' This rule requires certain States to take
action to reduce emussions of mitrogen oxides (NOx) that contribute to nonattainment of ozone standards in
downwind States® This RIA also satisfies the analvtical requirements for the proposed NOx Federal
Implementation Plan (FIP) and Clean Air Act (CAA) section 126 petition actions. The proposed FIP may be
needed 1f amy State fails to revise 1ts SIP to comply with the final NOx SIP call  The proposed action under
CAA section 126 responds to petitions filed with EPA by cight Northeastern States requesting that EPA
provide relicf from enmssions sources in several upwind States that may be contributing to ozone
nonattainment 1n the petitioning States’

The Clean Air Act (CAA) requires States to demonstrate attainment of the National Ambient Air
Quality Standards (NAAQS) for ozonc  Many States havc found 1t difficult to demonstrate attamment of the
ozone NAAQS duce to the widespread regional transport of ozone and 1ts precursors. NOx and yvolatile
organic compounds (VOCs) The Ozone Transport Assessment Group (OTAG) was estabhished 1in 1995 to
undertake an assessment of the regional transport problem in the Eastern half of the United States OTAG
was a collaboratn ¢ process among 37 affected States. the District of Columbia. the US Environmental
Protection Agency (EPA). and interested members of the public. including environmental groups and industn
representatines

OTAG concluded that regional reductions i NOx emissions arc needed to reduce the transport of
osone and its precursors  OTAG recommended that major sources of NOx emussions (utility and other
stationany sources) be controlled under State NOx budgets. and also recommended dey elopment of an
emussions trading program

After areview of OTAG's analysis. findings. and recommendations. EPA proposed a rule to limit
summer scason NOx cmissions in a group of States that the Agency believes are significant contributors to
ozone mn downwind arcas  In a November 7. 1997 Notice of Proposed Rulemaking (NPR). EPA made a

" This document 1s the second volume a two volume set Volume 1 covers the estimated costs and economic
impacts of the final NOx SIP cali rule

* Ground level (or tropospheric) ozone 1s an air pollutant that forms when its two primary components, oxides
of mtrogen and \olatile organic compounds . combine 1n the presence of certain meteorological conditions  Ozone 1s
associated with a vanety of ady erse effects both to human health and to the environment  For more information on these
adverse effects refer to Chapter 4 of this RIA

3 Unless necessany to provide specific emphasis. the term “NO~ SIP call” will be used (rather than “FIP™ or
“section 126 petiions”) throughout this report when referring to the regulatory framework that 1s analyzed and reported
in this RIA See section 1 4 for additional detail on the analvtical relationship between these three regulatory actions

* NOn emussions reductions were proposed for 22 States and the District of Columbia
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determination that transport of osone from certain States m the OTAG region” makes a significant
contribution to nonattainment. or interferes with the maintenance of attainment. with the ozone NAAQS m
downwind States (FR 1997a) EPA proposed a summer season NOx budget (in tons of NOx) for each of
these States  These States will be required to amend therr State Implementation Plans (SIPs) through a call-m
procedure estabhished in Section 110 of the Clean Air Act Amendments of 1990 (CAAA) Ina Mav 1998
Supplemental Notice of Proposed Rulemaking (SNPR). EPA made technical corrections to the State NOx
budgets. and deyeloped a proposed trading rule to provide for emissions trading (FR 1998a) The SNPR also
included an analysis of the air quality impacts of the proposed rule The State NOx emussions budgets.
trading rule. and related provisions are now being promulgated as a final rule

A technical background support document prepared for the November 7. 1997 NPR estimated costs
and crmissions reductions associated with an assumed strategy that States might take to achieving the
proposed budgets (EPA. 1997a) These analvses were updated to reflect technical corrections to the
population of sources and growth estimates on which the State-specific budgets were based and assess the
effects of the proposed trading svstem. 1n an analy sis supporting the April 1998 SNPR (EPA 1998a)

This document provides the supporting Regulators Impact Analysis (RIA) for the final rule This
analysis expands and updates the preyvious analyses. to reflect the provisions of the final rule and to provide
analvsis of the potential benefits and economic impacts as well as the costs. emissions reductions and air
quahty 1mpacts associated with the rule

The remaining sections of this chapter address the {ollowing topics

12 Releyant requirements of the Clean Awr Act.

13 Overview of the NOv SIP call rulemaking.

14 Relationship between the NOx SIP call. FIP. and section 126 actions.

15 Statement of need for the NO~ SIP call.

16 Admunistratiy ¢ requirements addressed by this RIA.

17 Structure of the RIA and organization of this document. and

18 References for Chapter ]

1.2 The Clean Air Act

The 1970 Clean Air Act Amendments required EPA to 1ssue. pertodically review. and, if necessan .
revise. NAAQS for ubiquitous air pollutants (Sectrons 108 and 109) States are required to submit SIPs to
attain those NAAQS. and Section 110 of the CAA hists mimmum requirements that SIPs must meet
Congress anticipated that all areas would attain the NAAQS by 1975 In 1977. the CAA was amended to
provide additional time for areas to reach the NAAQS and included the requirement that States reach the

* The OTAG region consists of 37 States east of 104° W longitude
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NAAQS for osone by 1982 or 1987 In addition. the 1977 amendments included provisions that required
SIPs to consider adyerse downwind effects and allowed downwind States to petition for tighter controls on
upwind States that contribute to their NAAQS nonattainment status

In 1990. the Clean Air Act was again amended This section outlines requirements of the 1990
Clean Air Act Amendments (CAAA) related to NOx reductions and the NOx SIP call The discussion
includes the ozone and NOx requirements and a review of the guidehines for new or ady anced air emissions
control technologies

1.2.1  Ozone Requirements

The CAAA mcluded provisions designed to address the continued nonattainment of the existing
ozone NAAQS. specified requirements that would applv if EPA revised the existing standard. and addressed
transport of air pollutants across State boundaries

In 1991 and 1992. arcas not 1n attainment with the 1-hour ozone NAAQS were placed n one of five
classifications. based on the degree of nonattammment  Requirements for moving toward attainment, including
definitions of “major source™ for VOCs and NOx. attainment dates and new source offset ratios. were
estabhished for cach of the five classificattons Within an area known as the Northeast Ozone Transport
Region (OTR). all sources ecmitting 50 tons or more of ozone forming pollutants a vear arc defined as “major
sources.” regardless of their current attainment classification  Certamn emissions limits apply to major
sources. and ¢\ en more stringent requirements apply for new major sources in nonattainment areas

Since passage of the 1990 CAAA. EPA has revised the NAAQS for ozone EPA 1s required to
review the NAAQS at least evers five vears to determine whether. based on new rescarch. revisions to the
standards arc necessan to continuc to protect human health and the environment As a result of the most
recent review. EPA revised the NAAQS for both particulate matter and ozone The previous ambient air
quality standard for ozone was 0 12 ppm based on I-hour averaging of monitoring results The revised
standard was sct at 0 08 ppm based on an 8- hour averaging period The 1-hr standard remains m effect until
EPA determines that a given arca has air quality meeting its 1-hour standard This 1s necessary to ensure
continued progress mn those arcas and a smooth transition between the two standards

On Julv 10. 1997, President Chinton 1ssued a directive to EPA on the implementation strategy for the
new ozone and particulate NAAQS The goal of the implementation strategy 1s to provide flexible. common-
sensc. and cost-cffectin e means for communitics and businesses to comply with the new standard The EPA
has 1ssued proposed guidance for public comment on implementation of the revised standards (August 24.
1998. 63 FR 43060) Additional guidance will be proposed in October 1998 The August and October
guidance will be combined and 1ssued as one document in December 1998 The implementation strategy
includes

Endorsement of a Regional Approach Citing EPA’s work with the OTAG. the implementation
strategy notes that ozone needs to be addressed as a regional problem. The Directive indicates that.
based on OTAG recommendations. EPA will propose a rule to provide a flexible. common-sense,
and cost effective means for communities and businesses to comply with the new standards The
strategy states that EPA will encourage and assist the States to dev elop a regional emussions cap-and-
trade svstem, modeled on the current acid rain program, as a way to achieve reduction in NOx
emissions at lower cost
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Transttional Classificanons Arcas that attain the 1-hour standard but that do not attain the new 8-
hour standard will be ehgible for a specific “transitional ~ classification. if they participatc n a
regional strategy and/or submut carly plans addressing the new standard EPA will revise 1ts rules for
new source review (NSR) and conformuty so that States will be able to comply with the new
standards with onh munor revisions to the existing programs n such transitional areas  Arcas which
will achiev ¢ attamnment as a result of the regional strategy need not implement any additional local
controls Arcas that will not achieve the 8-hour standard even with the regional strategy are eligible
for transitional status 1f they submut revised SIPs in the vear 2000 demonstrating attainment of the 8-
hour standard on the same schedulc as the regional transport requirements

Cost-Efrective Implementation Strategies EPA will encourage States to design strategies for both
the PM and osone standards that focus on getting low cost reductions and that limit the cost of
control to under $10.000 per ton for all sources EPA will encourage market-based strategies 1o
lower the cost of attainment and stimulate technology mnovation

The NOx SIP call. therefore. playvs an important role in the implementation strategy for the new ozone
NAAQS. by insututing a regional strategy that will encourage cost-cffectin e attainment of the new standard

1.2.2 NOx Control and Ozone Reduction

To address the CAAA provisions regarding continued nonattainment of the existing ozone NAAQS.
EPA’s post-1994 attainment strategy guidance for the 1-hour ozone standard called for continued emisstons
reductions within osone nonattainment arcas together with a national assessment of the ozone transport
phenomenon Recognizing that no individual state or jurisdiction can effectinvely assess or resolve all of the
1ssucs relevant to osonc transport. the Environmental Council of States (ECOS) formed a national work
group to address osone pollution” OTAG was established to assist states east of the Mississipp1 River to
attain federal ozone standards and to develop regional strategies to address regional transport problems = The
multi-state. multu-stakcholder OTAG process included mput from State and local governments. industn
environmental groups. and the Federal government  The stated goal of OTAG was to

Idenufs and recommend a strategy to reduce transported ozone and 1its precursors which. 1n
combination with other measures. will enable attainment and maintenance of the national ambient
osone standard i the OTAG region A number of criteria will be used to select the strategy
includmg. but not hmited to. cost effectin encss. feasibility . and impacts on ozone levels (OTAG.
1993)

OTAG s work included dey clopment of a comprehensiv e base-vear (1990) enussions inventon for
usc in all OTAG analyses The imventors contained information provided by the States and reviewed by
OTAG for point. arca. and mobile sources State-specific growth factors were used to project emissions for
the vears 1999 and 2007. which represent the CAAA attainment dates for certain nonattainment areas

¢ ECOS 15 a national orgamzation of environmental commussioners with members from the 30 States and
territories

Information on OTAG and copies of documents produces by the group can be accessed on-line at
http /Avww epa gov/tin/otag
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Bascline 2007 emissions were also adjusted to reflect the effect of various controls required under existing
rcgulaton programs or expected from futurc programs

OTAG then conducted modeling of NOx and ozone across the OTAG region for several scenarios
using geographic and atmospheric models

Stratcgs Modeling OTAG Strategy Modeling was done 1n several phases. and included analy s1s of
more than 235 emussion control strategics OTAG found that domain wide emissions of NOx i the 2007
bascline arc approximately 12 percent lower than 1990 and emissions of VOC are approximately 20 percent
lower Thus. exising CAA programs are expected to produce a reduction 1n 0zone concentrations in many
nonattainment arcas However. the analy sis showed that some areas currently in nonattainment will hikely
remain so 1n the future and that new 8-hour nonattainment and/or maintenance problem areas may develop as
a result of economic growth in some arcas

Geographic Modehng OTAG conducted geographic modeling to 1solate the effects of NOx
reductions on specific subregions Among other results. OTAG found that a regional strategy focusing on
NOx reductions across a broad portion of the region will help mitigate the ozone problem in many arcas of
the East Further. a regional NOx enussions reduction strategy coupled with local NO~ and/or VOC
reductions may be needed to achieve attamment and maintenance of the NAAQS in the region

This analyses conducted by OTAG (OTAG 1997). as well as EPA’s analy ses in support of the new
ozone NAAQS (EPA 1997b). showed the important role that reducing NOx enussions plays 1n the reduction
of ozone levels The extensn ¢ air quality modehing performed by OTAG ndicated that both ozone and NOx
can be transported long distances. up to 500 miles While reductions mn either NOx and VOCs may reduce
osone 1n localized urban areas. only NOx reductions would result in lower ozone levels across the region
The OTAG analyscs showed a correlation between the magmitude and location of NOx reductions and the
magnitude of reductions in ozone levels m downwind areas OTAG. therefore. reached the following
concluston

Regional NOx reductions are effectin e in producing ozone benefits. the more NOx reduced.
the greater the benefit Ozone benefits are greatest where emission reductions are made and
diminish with distance Eleyated and low level NOx reductions are both effectine (OTAG
1997 pp 51-32)

Based on the evidence of the relationship between NOx enussions and regional ozone levels. OTAG
recommended that a range of NOx controls be applied in certain arcas of the OTAG region A wide varicty of
sources arc responsible for NOx emussions. including electricity generating units. other (non-utility )
stationan sources. area sources. non-road mobuile sources. and highway vehicle sources OTAG did not
suggest any one “right” approach to reducing major source NOx emussions However. OTAG developed a
number of specific recommendations for EPA pertinent to the NOx SIP call. including the following ©

® Summaries of the OTAG findings and recommendations are provided in OTAG 1997

Page 1-3



. OTAG-related controls should be implemented in the ~fine gnd™ states *

. The range of utihty NO~ controls should fall between Clean Air Act controls and the less stringent of
83?0 reduction from the 1990 rate (Ib/mmBtu) or 0 15 lbs of NOx /mmBtu summer hecat mput

J The stringency of controls for individual large non-utility point sources should be established in a
manner cquitably with utility controls. and RACT shouid be considered for individual medium non-
utility point sources where appropnate ' OTAG recommended that EPA calculate statewide NOx
tonnage budgets based on a specified relationship between control levels for coal-fired power plants
and control targets (emission reduction percentages) for large and medium non-utility point sources

. OTAG stated that market-based approachces are recogmveed as having a number of benefits in relation
to tradtional command and control regulations. and that States hav e the option to select market
systems that best suit their needs They described two basic approaches that States might use to
implement NOx emissions market sy stems. and recommended that a joint State/EPA Workgroup be
formed to devclop design features and implementation provisions for market sy stems that could be
sclected by the States

OTAG also madc recommendations that EPA devclop and adopt avariety of specific national regulations that
were assumed for the modeling to result in reduced emissions of VOCs and/or NOx. and to reach closure on
the Tier 2 Motor Vehicle Studs

The recommendations resulting from the extensn e analvsis and air quahty modeling conducted by
OTAG have plaved a major role m the design of the NOx SIP call

1.2.3  Title I'V NOx Requirements

Tutle IV of the CAAA requires annual reductions in NOx enussions  The Acid Rain NOx Program
under Tutle IV incorporates a two-phased strategy to reduce NOx ermussions  In the first phase. starting
Januany 1. 1996. some Group 1 boilers (1 ¢ . dry bottom wall-fired boilers and tangenually fired boilers) are
required to comply with specific NOx emission hmitations  In the sccond phase. starting Januany 1. 2000.
the remaiming Group | boilers must comply with more stringent NOx emission himuts = Further. Group 2

 The fine gnd states melude those modeled usimg UAM-V at a gnd resolution of 12 hkm® Al other areas
consuitute the coarse grid which 1s modeled at a gnd resolution of 36 km™  Coarse gnid states are Flonda. Lowisiana.
Tenas Arkansas. Oklahoma. Kansas. Nebrasha. North Dakota. South Dakota. and Minnesota

' OTAG provided specific defimtions of large and medium point sources. for purposes of their
recommendations

' The affected dry-bottom wall-fired boilers must meet a imutation of 0 50 Ibs of NOx per mmBtu averaged
over the vear. and tangenually fired boilers must achieve a limitation of 0 43 1bs of NOx per mmBiu. again averaged
over thevear (FR 1993)

** Annual averages of 0 46 1b/mmBtu for dn -bottom wall-fired boilers and 0 40 Ib/mmBtu for langentialh

tired boifers
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boilers (1 ¢ . wet bottom wall-fired boilers. ¢y clones. boilers using cell-bumer technology . and \ ertically fired
boilers) must comph with recently established emission limuts '

Comphance results for 1996 show that. from 1990 to 1996. the Phase 1 affected population’s
average NOx enussion rate declined by 40 pereent  Overall NOx emussion reductions between 1990 and
1996 for the affected boilers totaled about 340.000 tons. 1 ¢ a reduction of 33 percent (EPA. 1997¢) In
Phasc II . about 1 17 mullion tons per yvear of NOx reductions are projected to result from the Acid Rain NOx
Program requirements (EPA. 1996)

In developing State budgets for the NOx SIP call. EPA considered the NOx reductions commutted o
by Title IV NOx Program requirements

1.2.4 New Source Performance Standards

The EPA 15 under court order to promulgate a new source performance standard (NSPS) on fossil-
fucl-fired utilitn and industrial boilers n September 1998. and subpart GG of Part 60 regulates NO~x
emissions from combustion turbines  The final standards revise the NOx cmission hmits for steam
generating units n subpart Da (Electric Utihty Steam Generating Units) and subpart Db
(Industrial-Commercial-Insuitutional Steam Generating Units)  Only those electricity generating umits and
industnal steam gencrating units for which construction. modification. or reconstruction 1s commenced after
Julv 9. 1997 would be affected by these revisions

The NO~ enussion hmit n the final rule for new subpart Da units 1s 201 nanograms per joule (ng/J)
[1 6 Ib/megawatt-hour (MWh)] gross energy output regardless of fucl type For exasting sources that become
subject to subpart Da through modification or reconstruction. the NOx emussion hmit 1s 0 135 1b/mullion Btu
heat nput  For subpart Db units. the NOx emussion limit being proposed 1s 87 ng/J (0 20 1b/mithion Btu)
heat input from the combustion of any gascous fuel. iquid fucl. or sohd fuel. however. for low heat releasc
rate units firing natural gas or distillate oil. the current NO\ emission hmit of 43 ng/J (0 10 Ib/mullion Btu)
heat input 1s unchanged

In devcloping the State budgets for the NO~ SIP call. EPA considered the potential NOx reductions
attributable to this NSPS

"* The himits are 0 68 Ib/mmBtu for cell burners. 0 86 Ib/mmBtu for cvelones greater than 135 MWe {1 &4
Ib/mmBtu for wet bottom boilers greater than 65 MWe. and 0 80 Ib/mmBtu for vertically fired boilers (FR 1990a
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1.2.8  Reasonably Available Contro! Technology Requirements

In the 1977 amendments to the CAA Congress required that all SIPs for nonattainment arcas contain
rcasonably available control measures (RACM) or reasonably available control technology (RACT) In the
1990 Amendments to the Act. Congress created RACT requirements spectifically for ozone nonattainment
arcas under the 1-hour standard (sec subpart 2 of part D of title 1). Since 1977. EPA has defined RACT for
ozonc as the lowest emission limitation that a particular source 1s capable of meeting by the application of
control technology that is rcasonably available considering technological and economic feasibility - The EPA
historically has mterpreted the RACT requirement 1n ozone nonattaimment areas to apply independent of a
State’s abihits to demonstrate that an area will attain the ozonce standard. with certain exceptions

In the osone-specific RACT requirement enacted in 1990. States were required to correct all existing
deficiencies in RACT rules in marginal nonattaimnment arcas to ensure the rules were adopted consistently on
anational basis In addition. all nonattainment areas classified moderate and aboy ¢ were required to adopt
RACT for cach source categon for which EPA 1ssued a Control Techniques Guidehine (CTG)  Over the
vears. EPA has issued CTG documents to assist the States in determiming RACT for VOCs  Each CTG
contams information on av ailable air pollution control techniques and provides a “presumptive norm™ for
RACT for a specific source categors  Finallv. RACT for controling NOx was also required in certam
nonattainment arcas classified moderate and abovc

In dev eloping implementation guirdance for the revised 8-hour NAAQS. EPA 1s addressing the
RACM/RACT requirement under subpart ! of part D of title 1. rather than subpart 2 The EPA has proposed
implementation guidance for the revised ozone NAAQS which addresses seyeral 1ssues. including
RACM'RACT The proposed policy states that “For the 8-hour ozone NAAQS. if the [nonattainment] arca
1s able to demonstrate attainment of the standard as expeditious!y as practicable with emission control
measures 1n the SIP. then RACM/RACT will be met and additional measures would not be required as being
rcasonably avatlable 7 (August 24, 1998. 63 FR 43060) The policy will be finalized by December 31, 1998

1.2.6  Northeast Ozone Transport Region

Scction 184 of the CAAA delincated a mulu state ozone transport region (OTR) in the Northeast and
required specific additional NOx and VOC controls for all arcas in this region (not onls nonattainment arcas)
Scction 184 also established the Osone Transport Commuission (OTC) for the purposc of assessing the
degree of osone transport in the OTR and recommending strategies to mitigate the interstate transport of
pollution The OTR consists of the States of Connecticut. Delaware. Maine. Man land. Massachusetts. New
Hampshire. New Jersey. New York. Pennsylvama. Rhode Isiand. Vermont. parts of northern Virginia. and the
District of Columbia The OTC was first convened in 1991 and began analvsis and ey aluaton of ozone
reduction stratcgics for the region  They concluded that regional reductions of NOx emissions are
particularly important in reducing ozone The OTR States confirmed that they would implement RACT on
major stationary sources of NOx. and agreed to a phased approach for additional controls. bevond RACT. for
power plants and other large fuel combustion sources

This agreement. known as the OTC Memorandum of Understanding (MOU) for stationary source
NON~ controls was approved on September 27. 1994 All OTC States. except Virginia. are signatories to the
OTC NOxMOU The OTC NOx MOU establishes an emissions trading svstem to reduce the costs of
compliance with the control requirements
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In devcloping State budgets for the NOx SIP call. EPA considered the NOx reductions committed to
by the OTR states in the OTC NOx MOU. along with the OTAG recommendations discussed above

1.3 Overview of the NOx SIP Call Rulemaking

EPA relied extensivels on the OTAG analvses and recommendations in developing the NOx SIP cali
As recommended by OTAG. the rule establishes ozone season’ NO~ emuission budgets for 22 States and the
District of Columbia '™ The 23 junisdictions will be required to amend their SIPs by the vear 2000. to allocate
emissions control requirements among sources and to develop comphiance programs for each affected source
categon to ensure that the NOx budget 1s met  These compliance programs should mclude necessan
poliution control mecasures. monitoring. reporting. and accounting procedures to ensurc Source ¢missions arc
not exceeding the State’s NOx budget. and enforcement requirements

Consistent with OTAG's recommendation that NOx emissions reductions be achieved primarily
from large stanionan sources 1n a trading program. EPA 1s encouraging States to consider additional controls
on clectricity generating units and other Jarge stationan sources as a strategy for meeting statewide budgets
State budgets were deyeloped using assumptions consistent with such a strategn  The budget for cach State
was deycloped for components of major source categories For non-road and highwav vehicle sources.
budgets are based on estimates of the effectineness in cach State of national measures that EPA 1s taking to
control erussions {rom mobile sources For electricity generating units and other stationan sourccs. the
budgets arc bascd on apply ing further reasonable controls A major factor in determining controls 1s the cost-
effectin eness of control measures

EPA also followed OTAG s recommendation mn urging States to consider implementing market
based svstems to reduce the costs of comphing with the new hmits on NOx emussions  EPA 1s encouraging
the States and the Distriet of Columbaa to join a trading program admuntstrated by EPA. which 1s reflected in
a model NOx Budget Trading Rule This trading svstem would place a collectine cap on NOx emussions from
electricity generating units and other large boilers and combustion turbines. and provide for trading of
allowances simular to the CAAA Title IV SO- Allowance Trading Program alreads in place

Chapter 2 of Volume 1 of this report describes a number of regulatony alternatives that EPA
considered 1n the development of this final rule  Chapter 2 of Volume 2 describes the regulatory alternaties
that EPA used 1o model arr quahity effects for the purpose of estimating benefits of the final rule

" The ozone season for this rule 1s the period May 1 - September 30
" The States covered by the rule include Alabama. Connecticut, Delaware. Georgia. llinous. Indiana.

Kentucky, Man land. Massachusetts. Michigan. Missoun. New Jerser. New York. North Carolina. Ohio. Pennsyh ama.
Rhode Island. South Carolina. Tennessce. Virgima. West Virgima, and Wisconsin
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1.4 Relationship Between NOx SIP Call, FIP, and Section 126 Petitions

In conjunction with promulgating the NOx SIP call. EPA has begun efforts to respond to petitions
filed by c1ght northeastern States (FR 1998b) These petitions were filed under section 126 of the CAA.
which authorises States to petitton EPA to address air pollution transported from upwind States  The
petiions request that EPA make a finding that NOx emissions from certamn major stationan sources
sigmficantly contributc to ozone nonattainment problems in the petitioning States If EPA makes such a
finding. the Agency would be authorized to establish Federal emissions imits for these sources The
petitions recommend control levels for EPA to consider In an April 30. 1998 Advanced Notice of Proposed
Rulemaking (ANPR) (63 FR 24058). EPA presented a schedule for taking actions on the petitions, made a
prchiminany 1dentification of upwind sources that may significantly contribute to 1-hour and 8-hour ozone
nonattainment problems in the petitioning States (using information de eloped for the NOx SIP call NPR).
and requested comment on legal and policy 1ssues raised by section 126 of the CAA  In responding to the
section 126 petitions. EPA intends to be consistent with the approaches taken in the NOx SIP call

At the same time that EPA promulgates the NOx SIP call rule. EPA 1s proposing NOx Federal
Implementation Plans (FIPs) that may be neceded if anv State fails to comphy with the final NOx SIP call rule
The FIP requirements arc intended to be consistent with the approaches taken in the final NOx SIP call.
ncluding a proposed federal NOx Budget Trading Program for electric utility sources and other large
industrial boilers and combustion turbines

Since the final NOx SIP call and the proposed FIP and section 126 petition actions arc generally
consistent 1n the manner 1n which they assess affected emissions sources. EPA 1s preparing only a single RIA
for all threc actions  Even though the facts of the analy sis contamed mn this report do not differ significant!y
for any of the three actions. the results have shghtly different interpretations  In the case of the final NO\ SIP
call. the results in this report are illustrativ ¢ of potential benefits that may result from the SIP call The NOx
SIP call 1tself does not directhh impose regulators requirements on emissions sources Instead, the SIP call
requires States to develop strategies to meet the State NO~ budgets contained n the final NOx SIP call rule
States have discretion on which emissions sources to control to realize the required reductions

However. the FIPs. 1f needed. and the section 126 petition responses will directly impose regulaton
requirements on emissions sources EPA 1s proposing to regulate sources under the FIP and section 126
petiion actions with strategies that are modeled 1n this RIA  In these cases the results presented in the RIA
reflect potential outcomes from direct federal regulation. and. depending on the outcome of the final actions.
have a higher probability of reflecting the actual outcome of the rules

The proposed section 126 actions will potentially affect only a subset of the sources potentially
affected by the broader NOx SIP call - Sources in Georgia. South Carolina. and Wisconsin are not affected by
the proposed section 126 rule  Therefore. the benefits associated with the proposed section 126 rule are
likely to be smaller than for the final NOx SIP call  Since Georgia. South Carolina. and Wisconsin are
affected under the final NOx SIP call. and would be subject to a final FIP 1f thev fail to comply with the
provisions of the final NOx SIP call. EPA did not see the need to separately address the potentially smaller
benefits for the proposed section 126 rule
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1.5 Statement of Need for the NOx SIP Call

The following sections discuss the statutory authonty and legislative requirements of the NOx SIP
call. health and welfare effects of NOx emussions. and the basis for the regulatory actions of the NOx SIP
call

1.5.1 Statutory Authority and Legislative Requirements

Section 110(a)(2)(D) provides that a SIP must contamn provisions preyenting 1ts sources from
contributing significantly to nonattamment or interfering with maintenance of the NAAQS 1n a downwind
Statc  This section apphies to all pollutants covered by NAAQS and all areas regardless of their attainment
designation Section 110(k)(3) authorizes EPA to find that a SIP 1s substantially inadequate to meet any
CAA requirement. as well as being inadequate to mitigate interstate transport as described in Sections 184
and 176A Such a finding would require States to submut a SIP revision to correct the inadequacy within a
specified pertod of time

1.5.2  Health and Welfare Effects of NOx Emissions’®
NO~ emussions contribute to the formation of ozone during the summer season Ozone 1s a major
component of smog and 1s harmful to both human health and the environment  Research has shown the
following health effects of ozone
. Exposure to ambient ozone concentrations has been linked to ncreased hospital admissions for
respiratony allments. such as asthma Repeated exposure to ozone can make people more susceptible

to respiratons infection and lung inflammation. and can aggra ate preexisting respiratory discascs

. Children arc at rish for the effects of ozonc because they are active outside during the summer

months when ozonc levels are at their highest  Adults who are outdoors and moderately active during

the summer months are also at ish These indinviduals can experience a reduction mn lung function
and increased respiratons symptoms. such as chest pamn and cough. when exposed to relatively low
ozone levels during periods of moderate exertion

. Long-term exposures 1o ozone can cause repeated inflammation of the lung. impairment of lung
defense mechanisms. and irres ersible changes in lung structure. which could lead to premature aging
of the lungs and/or chronic respiratory illnesses such as emphysema and chromic bronchitis

. Several peer reviewed epidemiology studies recently pubhished suggest a possible association
between ozone exposure and mortality . though several other studies find no sigmficant association

Ozone has also been shown to adversely affect vegetation. ncluding reductions in agricultural and
commercial forest vields. reduced growth and decreased survivability of tree seedlings. and increased tree and
plant susceptibility to disease, pests and other environmental stresses

'* A comprehensive discussion of health and environmental 1ssues related to NOx appears in EPA. 19974
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NO~ emussions also contribute to fine particie matier formation (PM). Exposure to airborne PM has
a wide range of adverse health effects  The key health cffects associated with PM include 1) premature
mortality . 2) aggray ation of respiratory and cardioy ascular diseasc (as indicated by increased hospitai
admussions and emergency room \isits. school absences. work loss dayvs. and restricted activity days). 3)
changes in lung function and increased respiratory symptoms. 4) changes to lung tissues and structure. 5)
altered respirators defense mechanisms. and 6) chronic bronchitis Most of these effects have been
consistently associated with ambient PM concentrations. which have been used as a measure of population
exposure. N a number of community eprdemiological studies  Although mechamisms by which particles
causc effects haye not been elucidated. there 1s general agreement that the cardio-resprratony system s the
major target of PM effects Particulate matter also 1s associated with welfare effects. which include visibility
impairment. sothng. and matenials damage

Based on 1ts review of the scientific evidence. EPA established standards for PM. . and retained the
standards for PNl The EPA revised the secondan (welfare-based) PM NAAQS by making them 1dentical
to the pniman standards

Finallv. NOx emissions contribute to a wide range of health and enyvironmental problems
mdependent of their contribution to ozone or PM formation Among these problems are acid deposition.
nitrates 1n the drinking water. and nutrient loading m waterwayvs. particularly in sensitiv e coastal estuarics
where air deposition 1s a major portion of nitrogen loadings

1.5.3  Need for Regulatory Action

The exasting and revised ambient air quality standards for ozone set levels necessany for the
protection of human health and the emvironment  Under the CAA. attainment of these standards depends on
the implementation of State-specific pollution control strategies contained in SIPs to reduce NOx and volatile
organic compound emissions. 1n conjunction with EPA promulgation of national controls for some sources of
pollution

It 1s clear that. even with planned national measures 1n place. several States cannot bring existing
nonattamment arcas into compliance with the current ozonc standard. or avoid the application of very costly
local control measures. unless the transport of ozone from other upwind areas 1s reduced  Furthermore. many
States will find 1t hard. if not impossible. to avoid nonattamment with the revised ozone NAAQS. or come
into attamment with 1t 1n the future. unless mitigation of the ozone transport problem occurs  This dilemma
has raised concerns over the fairness of downwind areas having to cope with the pollution coming from arcas
upwind The current regulaton framework requires States to develop SIPs that demonstrate arr quality
impror ements sufficient to reach specific attamment levels  States have no control over neighboring States’
actions. and may be unable to mect their air quality goals due to pollutants transported across State lines
The contribution of upwind sources outside of nonattainment areas creates a dilemma for States seeking to
reach air quahity goals

States could develop local ozone mitigation strategies to address the impact of transported ozone.
However. local efforts could lead to undesirable outcomes Some States might dexelop SIPs that do not
achicve compliance 1n some serious and sev ere ozone nonattainment areas. because the States would deem
local measures needed to achieve attainment as too draconian
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The NO~ SIP call 1s designed to mitigate these problems through a coordinated Federal and State
cffort to address regional osone transport  This rule will create a more effective. efficient and equitable
approach for EPA and the States to promote attainment with the current and new ozone NAAQS

1.6 Requirements for this Regulatory Impact Analysis

This section describes various legislative and executiy e requirements that govern the analvtical
requirements for Federal rulemakings. and describes how each analvtical requirement is addressed in this
RIA

1.6.1 Executive Order 12866

Exccutine Order 12866. “"Regulatory Planning and Review™ (FR. 1993). requires EPA to provide
the Office of Information and Regulators Affairs of the Office of Management and Budget with an
assessment of the costs and benefits of significant regulatony actions A “sigmficant regulatory action™ 1s
defined as “any regulatory action that 1s hikely to result in a rule that may

. Har ¢ an annual effect on the economy of $100 million or more or adversels affect in a material wav
the cconomy . a sector of the economy . productivity. competition. jobs. the enyvironment. public health
or safcty. or State. ocal. or tribal governments or communitics.

. Creatc a serious mconsistency or otherwise mterfere with an action taken or planned by another
agencey .
4 Materially alter the budgetany impact of entitlements. grants. user fees. or loan programs or the rights

and obhgations of recipients thereof. or

. Raise novel legal or pohicy 1ssues ansing out of legal mandates. the President’s prionities. or the
principles set forth in the Executive Order™ (FR. 1993)

For any such regulatory action. the Agency must provide a statement of the need for the proposed action.
must examine alternati ¢ approaches. and must estimate social benefits and costs

EPA has determined that the NOx SIP call 15 a sigmificant regulators action because its effect on the
cconomy 15 expected to exceed $100 mufhon per vear  This yolume of the RIA provides the bencfits
information required by E O 12866 for a significant regulatony action. Volume 1 fulfills the associated cost
and economic impact requirements

1.6.2  Regulatory Flexibility Act and Small Business Regulatory Enforcement Fairness Act of 1996

The Regulatory Flexability Act (RFA) of 1980 (PL 96-354) requires that agencies conduct a
screenming analy s1s to deterrine whether a regulation will have a significant impact on a substantial number of
small entitics. including small businesses. governments and organizations If a regulation will have such an
mmpact. agencies must prepare a Regulaton Flexibilitv Analvsis. and comply with a number of procedural

Page 1-13



requirements to solieit and consider flexible regulatony options that mimimize ady erse economic impacts on
small entitics  The RFA's analy tical and procedural requirements were strengthened by the Small Business
Regulators Enforcement Fairness Act (SBREFA) of 1996

For reasons explamed more fully i the Federal Register notice for the final NOx SIP call. 1t 1s EPA's
position that thc RFA as amended by SBREFA does not apph to the final NOx SIP call. because the rule
does not impose direct requirements on ermssions sources  States will ulimately decide what emissions
hmits are imposed for specific sources However. the EPA has determined that the RFA as amended by
SBREFA does apph to both the proposed FIP and section 126 actions  Thereforc. EPA has examined the
potential for small entity 1mpacts to provide pohcy makers and States with additional decision information

The RFA and SBREFA require use of definitions of “small entities . including small businesses.
governments and non-profits. published by the Small Business Administration (SBA) "™ Screening analy ses
of economic 1mpacts presented mn Volume 1 of the RIA examine potential impacts on small entities

1.6.3 Unfunded Mandates Reform Act

The Unfunded Mandates Reform Act (UMRA) of 1995 (PL 104-4) was enacted to focus attention on
federal mandates that require other governments and private parties to expend resources without federal
funding. to ensure that Congress considers those costs before imposing mandates. and to encourage federal
financial assistance for intergoy crnmental mandates  The Act establishes a number of procedural
requirements  The Congressional Budget Office 1s required to inform Congressional committees about the
presence of federal mandates 1n legislation. and must estimate the total direct costs of mandates i a bill in
anmv of the first five vears of a mandate. 1f the total exceeds $30 milhon for intergoyvernmental mandates and
$100 million for private-sector mandates

Section 202 of UMRA directs agencies to provide a qualitatin e and quantitative assessment of the
anticipated costs and benefits of a Federal mandate that results 1n annual expenditures of $100 million or
more The assessment should include costs and benefits to State. local. and tribal governments and the
private sector. and idenufy any disproportionate budgetany impacts  Section 203 of the Act requires agencies
to 1dentif and consider alternati es. including the least costly. most cost-cffectine. or least burdensome
alternati ¢ that achiey es the objectines of the rule

EPA has not rcached a final conclusion as to the apphcability of the requirements of UMRA to the
NO~ SIP call rule EPA has determined that UMRA docs affirmativels apply to both the proposed FIP and
proposed section 126 rules  Volume lof this RIA presents a summary of analyses of the potential impacts of
the NOx SIP call on State and local governments. to support compliance with section 202 of UMRA  This
anah s1s includes administratiy e requirements of State and local goyernments associated with revising SIPs
and collecting and reporting data to EPA It also includes the comphance and admmistrative costs to
emissions sources owned by government entities  In addition. EPA has prepared a more detailed written
statement consistent with the requirements of section 202 and section 2050f the UMRA and placed that
statement 1n the docket for this rulemaking

" Where appropriate. agencies can propose and justfy alternative defimitions of “small entity " This R1A relies

on the SBA defimtions
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1.6.4 Paperwork Reduction Act

The Paperworh Reduction Act of 1993 (PRA) requires Federal agencies to be responsible and
publicly accountable for reducing the burden of Federal paperwork on the public  EPA has subnutted an
Information Collection Request (ICR) to the Office of Management and Budget (OMB) in compliance with
the PRA The ICR explains the need for additional information collection requirements and provides
respondent burden estimates for additional paperwork requirements to State and local governments
assoctated with the NOx SIP call

1.6.5 Executive Order 12898

Executnne Order 12898. "Federal Actions to Address Environmental Justice in Minority Populations
and Low-Income Populations.” requires federal agencies to constder the impact of programs. policies. and
activitics on munority populations and low-income populations  Disproportionate ady erse impacts on these
populations should be avoided  According to EPA guidance. agencies are to assess whether minority or low-
income populations face risk or a rate of exposure to hazards that 1s significant (as defined by the National
Environmental Policv Act) and that “appreciably exceeds or 1s hikely to appreciably exceed the risk or rate to
the general population or other appropriate compartson group ~ (EPA. 1996b) This guidance outlines EPA's
Environmental Justice Strategy and discusses environmental justice 1ssues. concerns. and goals identified by
EPA and environmental justice adyocates in relation to regulatons actions

The NO~ SIP call 1s expected to provide health and welfare benefits to castern U S populations.
rcgardless of race or income  Chapter 3 of this RIA presents information on the changes in potential ozone
and P\ exposure for white and non-white populations and low mcome populations. and compares these
relatn ¢ changes to the general populations

1.6.6  Health Risks for Children

Exccutive Order 13043, “Protection of Children from Environmental Health Risks and Safety
Rishs.” directs Federal agencies developing health and safety standards to include an ey aluation of the health
and safety effects of the regulations on children  Regulatony actions covered under the Executinne Order
include rulemakimgs that arc economicalls significant under Exccutine Order 12866. and that concern an
emvironmental health nisk or safety nisk that the agency has reason to believe may disproportionatels affect
children EPA has developed internal guidelines for implementing the E O 13045 (EPA. 1998b)

The NOx SIP call 1s a “significant economic action.” because the annual costs are expected to
exceed $100 million Both NOx and ozone formed by NOx are known to affect the health of children and
other sensitin e populations. which were addressed in the development of the new ozone NAAQS However.
the NOx SIP call 1s not expected to have a disproportionate impact on children Chapter 3 of this RIA
presents information on the changes in potential ozone and PM exposure for persons under the age of 18
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1.7 Structure and Organization of the Regulatory Impact Analysis

The potential costs. economic impacts and benefits havc been estimated for this rulemaking The
flow chart in Figure 1-1 summarizes the analytical steps taken in deyeloping the results presented 1n this RIA

Figure 1-1
Flowchart of Analytical Steps

Model Air Quality
|

Select Control Strategies

' N
COSTS BENEFITS
Estimate Control Cost Estimate Post-Control Air Quality
l l
Estimate Small Business and Other Estimate Human Health
Economic Impacts and Welfare Effects

|

Estimate Monetized Value of
Health and Welfare Effects

The assessment of costs. economic 1mpacts. and benefits consists of multiple anahtical components.
dependent upon emissions and air quality modeling  In order to estimate baseline air quality in the vear 2007,
emission imventories are developed for 1995 and then projected to 2007. based upon estimated national
growth m mdustrnn carmings and other factors  Current CAAA-mandated controls (¢ g . Title 1 reasonabh
available control measures. Title IT mobile source controls. Title Il air toxics controls. Title I'V acid rain
sulfur dioxide (SO- ) controls) are applied to these emissions to take account of emuission reductions that
should be achieved in 2007 as a result of implementation of the current PM and ozone requirements  These
2007 CAA cmussions 1n turn are mnput to several air quality models that relate emission sources to arca-
specific pollutant concentrations  This modeled air quality 1s used as the base against which several
alternativ ¢ control options are measured and cost estimates developed Given the estimated costs of the
alternatn e regulatony control options. the potential economic 1mpacts of these estimated costs on potentially
affected industny sectors 1s subsequently analvzed Potential health and welfare benefits are also estimated
from modeled changes 1n air quahity as a result of control strategies applied mn the cost analvsis  Finally.
benefits and costs are compared
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The RIA anah scs have been constructed such that benefits and costs are estimated incremental to
those derned from the effects of implementing the CAAA m the vear 2007 These analy ses provide a
“snapshot” of potential benefits and costs of this rulemaking in the context of implementation of CAA
requirements between now and 2007 and the air quahity effects that denive from economic and population
growth

States have discretton 1n how they achieye their NOx budgets. and different States may choosc
different strategics The RIA must. therefore. be based on assumptions about how the States will choose to
implement the NOx SIP call requirements  Consistent with EPA’s recommendation that States focus on
major stationan sources. this RIA assumes that States impose additional controls — incremental to those
already required by other national programs that address NOx emissions — only for major stationary sources.
and that States implement the cap-and-trade sy stem for electricity gencrating umts and industnial boiler and
turbine sources  This assumption is tlustrative of one cost-effective approach States could take to meeting
the NOx SIP call budgets  States may choose different allocations of controls across major stationan sources
than assumed here. or may choose to impose additional controls on arca or mobule sources as well  Costs and
economic impacts would differ from those estimated 1n this RIA to the extent that States” compliance
strategies differ from the RIA assumptions

Analvsis of costs. changes in enussions. and economic 1mpacts 1s conducted separately for two
groups of sources electricity generating units and other stationary sources The Integrated Planning Model
(IPM) allows analvsis of trading and industry -level adjustments for electricity generating umt sources Other
stationan sources arc anah zed separately . using assumptions about baseline conditions and control costs that
arc generally consistent with the IPM modeling assumptions used for clectricity gencrating units

Predicted changes in emussions duc to the additional controls for electricity generating umits and other
stationan sources arc then combined to estimate changes n air quality and to calculate the benefits of the
NOx SIP call  The esumation of benefits from environmental regulations poses special challenges  These
include the difficults of quanuifsing the incidence of health. welfare. and environmental endpomnts of concern.
and the difficulty of assigning monetized \ alues to these endpoints  As a result. many categories of potential
benefits have not been monetized at all. and those that have been are ginen inranges  Specifically. this RIA
has adopted the approach of presenting a “plausible range™ of monetized benefits to reflect these
uncertainties by selccting alternatn ¢ values for each of several key assumptions  Taken together. thesc
alternati ¢ sets of assumptions define the range for the monetized benefits categories

The remainder of the RIA 1s organized in the following chapters and appendices

. Chapter 2 presents a discussion of the regulatory alternatiyes modeled for the benefits analvs:s of
this rulemaking.

. Chapter 3 describes the methodology used to estimate baseline and post-control air quality impacts.
. Chapter 4 presents the analvsis of the benefits of the rule. and
. Chapter 3 provides an integrated summan of costs and benefits. and compares costs and benefits for

the NOx SIP call as a whole
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Where appropnate. each chapter includes a discussion of limitations of the analysis A senies of appendices
follow Chapter 3 and proyide more detailed descriptions of specific methodologies and results
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Chapter 2. REGULATORY ALTERNATIVES AND EMISSIONS IMPACTS

This chapter explains the various regulatory alternatnes considered in the benefits analvses  Scction
2 | provides bachground on the elements that differentiate the alternatives that were considered. and Section
2 2 provides mformation on the emissions impacts used to generate air quality changes for the benefits
analh ses

21 Elements Considered in Developing Regulatory Alternatives

EPA"s NO~ SIP call sets summer NOx enussions budgets for eastern States that the Agency has
found signtficantly contribute to the nonattainment by other States of the pre-existing ozone standard (1-
hour) and will contribute 1n the future to nonattainment by other States with the revised ozone standard (8-
hour) EPA relied heavily on its estimation of the NOx reductions that the electric power industny and other
stationan sources could provide cost-effectively in setting the State budgets  Other factors. such as the
feasibility of implementing controls m a reasonable time frame. also influenced the Agency ‘s final decisions
To estimate the cost-effectiv eness of controls for various sources. the Agency considered several ways that
controls could be implemented 1n the SIP call region However. States can place controls on thetr sources of
NOn~ enmussions differently than the approach that EPA used in the budget setting process. 1if they can show
that control strategy will provide the same level of NOx reduction in the SIP call region

This secuion describes the clements that make up the various regulatony alternatinv es considered for
this analysis  The regulaton alternatin es used in the benefits analy sis (described in Section 2 2) represent
various combimations of these clements  Some elements of the rule remain the same {or all the options
considered  Other elements are considered in van ing combinations. including stringencs of controls.
geographic scope. affected sources and design of the trading system  For all options anals zed. the timing of
regulaton requirements was also considered. as this issue 1s critical in terms of feasibihity of compliance and
attamnment of both the pre-existing ant the revised ozone standard

2.1.1  Type of Control

EPA had 1o decide on the types of regulaton approaches that the Ageney wanted States to consider
mn thair efforts to lower NO~ crmissions from various source categorics  EPA used those approaches m
estimating the cost-effectiveness of ozone scason NOx controls at various levels for different tpes of
sources  OTAG recommended that the Agency consider controls that allow for emissions trading. rather
than traditional command-and-control regulation OTAG's analysis of trading programs had shown that
there could be considerable savings from this tvpe of approach for the electric power industn (OTAG.
1997)

EPA also demonstrated the potenual savings from a NOx emissions trading program that could
result mn 1ts regulatony analvsis for the proposed NOx SIP call (EPA. 1997a) That analysis showed that 1n
2003 a command-and-control program for the electric power industry would cost about 30 percent more than
a trading program in the NOx SIP call region For that reason, the Agency has focused heavily on developing
rcgulatory approaches that States can usc collectinelv that are based on allowance-based NOx emissions
trading It was also clear from OTAG analvsis and EPA’s own work that further savings and flexibility



could be gamed from allowing banking as part of a trading program  EPA’s regulaton analysis over the last
vear has also considered banking options for inclusion in the Model Trading Rule for States (EPA. 1997b)

2.1.2  Geographic Scope

After considering OTAG's recommendations and other relevant information. EPA identified 22
States plus the District of Columbia (1 ¢ . 23 junisdictions) as significantly contributing to nonattaimnment with.
or interfering with maintenance of. air quahty standards in a downwind State  The SIP call region 1s shown in
Figure 2-1 and consists of Alabama. Connecticut. Delaware. District of Columbia. Georgia. llhnoss. Indiana.
Kentucky . Massachusetts. Man land. Michigan. Missour1. North Carolina. New Jersey. New York. Ohio.
Pennsy Ivania. Rhode Island. South Carolina. Tennessee. Virgima. West Virginia. and Wisconsin

The final rule reflects State NOx budgets that are developed using the same reglon-wide stringency
targets and region-wide analh ses of cost-effectiveness for all 23 junisdictions  EPA also considered dividing
the SIP call region into two or three subregions in an effort to make a distinction among the States that may
contribute the most 1o the ozone transport problem and those where the wind patterns mas be less likely to
affect air quahity in the other States  The SIP call region was divided into two regions--Northeast and
Southeast. or into three regions--Northeast. Midwest. and Southeast  Different Ievels of stringency arc then
apphed mn the different regions. as described below

The two region arca consists of Connecticut. Delaware. District of Columbia. Massachusetts.
Marvland. New Jersey. New York. Ohio. Pennsylvania. Rhode Island. Virgima. and West Virgima in the
Northeast. and Alabama. Georgia. Hhnois. Indiana. Kentucky . Michigan. Missouri. North Carolina. South
Carolina. Tenncssce. and Wisconsin in the Southeast

The three region arca consists of Connecticut. Delaware. District of Columbia. Mary land.
Massachusetts. New Jersey. New York. Pennsy Ivania. and Rhode Island 1n the Northeast. Illinois. Indiana.
Kentucky . Michigan. Missourt. Ohio. Virgima. West Virgimia. and Wisconsin in the Midwest. and Alabama.
Georgia. North Carolia. South Carolina. and Tennessce mn the Southeast
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[Figurc 2-1
States Included in EPA™s NOx SIP call

5 | Other States 1n the NOx SIP Call
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2.1.3 Potentiallv-Affected Sources

EPA has developed State budgets based on the effects of additional controls (beyond those alrcads
required by the CAAA-related or reflected in existing SIPs) onh for major stationary sources of NOx
emissions These sources include (1) electricity generating utility boilers. (2) industrial. commercial and
mnstitutional boilers. (3) combustion turbines. (4) reciprocating internal combustion engines. (4) cement
manufacturing operations. and (5) other industrial processes that emit NOx  Only existing or planned
CAAA-related controls are considered 1n calculating budgets for other sectors (area and mobile sources) that
contribute to NOx emussions  States ultimately haye discretion to determune which sources to regulate to
achier ¢ the budget level

The analvses of benefits in this RIA are based on a range of assumptions about which major
stationan sources will actually be targeted for additional controls by the States in implementing the NOx SIP
call The primary assumption in this anal sis 1s that States will allocate NOx emissions reduction
requircments to the largest electricity gencrating utility boilers. industrial. commercial and insututional
boilers. combustion turbines. cement manufacturing units. and internal combustion engines

Large clectricity generating units are defined as those generating more than 23 megawatts (MW)
Large industrial boilers. combustion turbines. reciprocating internal combustion engines. and other industrial
NOx sources arc those capable of firng greater than 250 mmBtwhour. or that emut greater than onc ton of
NO~ per summer day

2.1.4  Stringency of Control Level

In order to develop a cost-cffective NON reduction strategy as a basis for establishing State budgets.
EPA considered v arious emission reduction levels for the affected sources for the summer ozone season
defined as Mav 1 through Sceptember 30 For the electricity generating units (EGUs). EPA considered
emussions budgets based on emission limits of 0 12 Ib/mmBtu. 0 15 Ib/mmBtu. 0.20 Ib/mmBtu. and 0 23
Ib/mmBtu  For the large industnal boilers and combustion turbines. EPA considered a uniform percent
enussion reduction from uncontrolled projected 2007 emussion levels ranging from 40 percent to 70 percent
For the remaming large nonutilits sources. EPA considered source categor -specific control levels
corresponding to cost-cffectineness cut-offs ranging from $1,500/ton to $3.000/ton

Taking into consideration the emussion reductions and associated costs projected under cach of the
above scenanos. EPA identified cost-effectin e NOx reduction strategies  Based on the reduced emissions
achicved by this strategy. EPA then established State-specific budgets for ozone season NOx emussions
Alternativ ¢ budgets arc calculated for the different stringency levels considered for EGUs  The details of
NOx budget development can be found in the budget technical support document (EPA. 1998b)

" Limuts for each electnein generating unit are expressed as a specific NOx hmit of pounds of NOX per mmB3tu
of summer heat mnput projected for 2007. the vear which was the focus of OTAG’s analvs:s (the vear for which an
qualitt modehng was done)
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2.1.5  Effective Dates

States subject to the NO~ SIP call must submit revised SIPs by September 1999 The affected
sources m the States must implement NOx controls by May 2003, and EPA will assess how cach State’s SIP
has actually performed in 2007

2.1.6 Emissions Budget Trading System Design

To allow for use of the most cost-effectin ¢ emission reduction alternati ¢s. an emissions budget
trading program 1s an optional component of the NOx SIP call Each of the States subject to the NOx SIP
call arc encouraged to participate i this model NOx Budget Trading Program and thereby provide a
mechanism for sources to achiey e cost-effectine NOx reductions  The trading unit 1s a NOx Allowance, equal
to one ton of emutted NOx  Details of the trading program are described in the Federal Register notice
accompanying the final rule

Under the NO~ Budget Trading Program. cach of the participating States would determine how its
scasonal State trading program budget 1s allocated among 1ts sources Each source would be given a certain
quantuty of NOx allowances If a source’s actual NOx enusstons exceed 1ts allocated NOx allowances. the
source may purchase additional allowances Conversels. 1f a source’s actual NOx emissions are below its
allocated NO~ allowances. then 1t mayv sell the additional NOx allowances  Such a program creates a
competitin ¢ market for NOx allowances that encourages use of the most efficient means for reducing NOx
emissions

For purposes of this analy sis. trading mas occur among any of the sources within the entire SIP call
region or within cach of the subregions  Where subregions arc des eloped for the SIP call region. only intra-
regional (within the region) trading 1s allowed

Banking would allow sources that do not usc all of their NOx allowances for a given yvcar to save
them for later use  1f banking 1s allowed. however. mechanisms such as flow controls can be put 1n place to
limit the level of exceedance of the emissions cap  Flow controls restrict the use of the banked NOx
allowances by restricting their use at certain times or within certain arcas  For example. a restriction may be
placed on the banked allowances that allows only a set amount to be used duning a defined ime penod

For this RIA. EPA analyzed avanety of trading options. and trading with banking only for the 13
trading option. where banking begins after the start of the program in 2003 Banking of “earh 7 reductions
was not modeled for the 0 13 option because carhier IPM analy sis suggested that owners of eicctricity
generating units would want to use 1t to a vens himited degree to lower the costs of future compliance (EPA.
1997) The following considerations were part of the 1997 analyvsis

. Beginning 1 2003 (and each v ear thercafter). the fossil fuel-fired electricity generating units over 23
MW 1n the SIP call region are assumed to hold NOx allowances during the summer ozone season

equal to 489 thousand tons

. Electricity generating umts could trade allowances without restrictions or bank them for later use or
salc to another generation umt  Trading could occur within the entire SIP call region

. Analvsis with and without flow controls
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EPA’s anah s1s 1n 1997 was conducted using the 1996 version of the Integrated Planning Model (IPM)  This
model 1s described in EPA. 1996 EPA's analysis shows that on strict economic grounds. (1 € . under
mimimization of the total direct operating costs over the simulation period) mited banking was forecasted by
the IPM based on the scenarios described above However. EPA belieyes that some banking. which the IP)
could not estimate. should occur when some power plants overcontrol their NOx emissions in order to bank
allowances for use mn vears 1n which units experience utilization greater than forecasted More discussion of
this 1ssuc can be found 1in Chapter 6 of Volume 1 of this RIA

22 2007 Emissions Estimates for Air Quality Modeling

The mitial step 1n the assessment of changes in air quality attributable to each regulatory alternative
1s the dey clopment of future year 2007 emussions estimates  These estimates generally start off with 1995
emissions data. which are then grown to 2007 Table 2-1 identifies the emissions inputs used for the air
qualits models These include mitrogen onides (NOv). volatile organic compounds (VOC). sulfur dioxide
(SO.). dirccth emitted particulate matter (primary PM, and PM. (). carbon dioxide (CO). and ammoma
(NH.) RADM and RPM work n tandem and therefore require the same emussions inputs  Emissions are
estimated onhy for the geographic arca covered by each air quality modeling domarn. which n each casc 1s
roughly equivalent to the 37 casternmost states  Air quahty estimation 1s not restricted to the smaller SIP call
region because the SIP call regulatory alternatives may result in shufis in power generation, and hence shifts in
emissions. among utility sources located mside and outside the SIP call domain  The broad 37 state arca
modcled for air quality purposes more clearly captures the effects of any modeled shifts in power gencration
All ermissions estimates were developed using information that was accurate as of March 1998. before final
NO~ SIP call emissions im entories and control alternatiy es were established  The emissions inventories and
control alternatin es proposed in the origimal November 7. 1997 and supplemental May 11. 1998 Federal
Register notices have changed as a result of public comments recen ed on both proposal notices These
changes are not reflected n the air quality modeling results used n the benefits analy sis

The subsections that follow briefly describe emissions development for each emissions sector.
including electricity gencrating utility point sources. other stationary pont sources. area and non-road mobile
sources. highway mobile sources. and non-anthropogenic sources A final subsection 1dentifies differences
between the air qualitn modeling emissions imventony and the final emissions inyventony . and discusscs the
implications for interpreting the air quality results used 1n this analysis

Table 2-1
Emissions Inputs for Air Quality Models
Air Quality Model Emissions Inputs
UAM-V tupical summer dav hourly VOC and NO~
RADM-RPM warm season (May - September) and cold season (October - Apnil) NOx, S0O,, SO,. CO,
VOC, and NH,
S-R Matriy annual NO\, SO.. CO. VOC. NOx. primary PM,,. pnmarv PM, .. and NH,
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2.2.1  Electricity Generating Unit Point Source Emissions

EPA developed projections of 2007 NOx and SO. enussions from clectricity generating units
(EGUs) using the latest version of the Integrated Planning Model (U'S EPA. 1998a) The CO and VOC
profiles for each EGU arc added based on data from EPA’s National Emission Trends (NET) inventon
projections  Primany PM , and primary PM., . are derived using IPM-generated ash content data and the Jatest
AP-42 emussion factors (U'S EPA. 1998¢) AP-42 emussion factors are also used to derne NH; emussions
These emissions estimates arc made for the 2007 base case and cach control altenatn e

2.2.2  Non-EGU Point Source Emissions

EPA dex cloped projections of 2007 NOx and VOC emussions using information gathered by the
O-one Transport Assessment Group 1n 1997  These projections were later revised based on more recent
information. ncluding public comments submutted on the proposed NOx SIP call Emuissions of SO.. priman
PM. . priman PM. .. and NH; are taken from EPA’s NET projections™ These emussions estimates arc made
for the 2007 basc case and each control alternatine

2.2.3 Area and Mobile Source Emissions

All arca source. non-road mobile source. and highway mobile source enussions are taken directhy
from EPA’s NET projections  Emussions are devcloped for all countics and then allocated to UAM-V and
RADM gnid cells  Additional reductions n arca and mobile source emissions are not part of the control
alternatn es. therefore emissions estimates arc made for these source categories only for the 2007 base casc

2.2.4 Natural Emissions

Natural enussions come from geogenic. biogenic. and wild fire sources  For some pollutants. natural
crussions comprise a significant fraction of total emissions  For example. man-made emissions of ammonia
arc a small component of total ammonia emussions  The majority of the ammonia that enters the atmosphere
1s produced by the biological decomposition of organic material in soils. plant residues. and wastes from
amimals and humans (NAPAP. 1991) Biogenic VOC emussions are deyeloped based on EPAs Biogenic
Emissions Imventon System (BEIS) (Pierce et al . 1990) Natural sources of PM emussions (1 e . wind
crosion) are taken from the NET  Additional reductions in natural emissions arc not part of the control
alternatn es. therefore emissions estimates for these sources are made only for the 2007 basc casc

2.2.5 Summary of 2007 Emissions Projections
Table 3-2 summarizes the major control requirements that are accounted for in the 2007 Base Case

emissions projection These include all federal motor vehicle controls and nonattainment area (NAA)-related
controls required by the Clean Air Act. additional reductions from large stationary NOx sources required by

2 - . aepn
© EPA"s NET does not currently include estimates of primary PM; . Primany PM. « emissions are estimated
from primary PM.. emussions using regionally derived relanonships between PM,, and PM;
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the Osone Transport Conumssion 1n the northeast U.S . and a national low emission vchicle (NLEV)
standard starting in model year 1999

The control requirements included 1n the alternati e policy scenarios modeled for air qualinn
purposcs. and hence for the purpose of estimating benefits. arc shown in Table 2-3  The tables in Appendin
B provide additional information on the emissions associated with the scenarios that are modeled for the
benefits analyses  Since the scenarios modeled differ shightly from the regulatony alternatives ey aluated in the
cost analvses (0 135 trading for EGUs. and 60%/$5.000 for non-EGUs) in Volume 1of this RIA. Table 2-3
also indicates the controls associated with preferred regulatons alternatin e upon which EPA based the final
emissions budgets  The air quality changes associated with the set of control requirements in the actual fing!

emissions budgets have not been estimated 1n this analysis

Table 2-4 provides some perspective on the potenual differences between the emissions reductions
associated with the air qualits modehing alternativ es and the cost analvsis alternatives  The table indicates the
percent change 1n NOx emussions associated with the air quality scenarios that are modeled for the benefits
analyses. and the percent changes associated with similar alternatives modeled n the cost analsses  The
RADM-RPM reductions for the warm scason are generally higher than the annual reductions for the S-R
Matrix input - The scasonal RADM-RPM reductions and the annual S-R Matrix reductions can be reconciled
by considering the simple linear combination of RADM-RPM warm and cold scason emussions  For mstance
for the 0 15 trading alternatn ¢. the lincar combination of the warm and cold season reductions is 24 7%

(37 1%*53/12 ~ 13 896*7/12). which 1s vers close to the annual S-R Matrix reduction of 24 0%

Oncrall. the emission reductions associated with the air qualits modeling inputs are larger than the
emission reductions associated with the cost analvses  For most of the regulatony alternatives. the difference
in modeled point source NOx reductions across the 37 states 1s about 3% The difference for EGU sources 1s
small. around 2°,. but the difference for non-EGU sources 1s much larger at about 10% As indicated in
Table 2-3. this 1s because the air qualitn modeling inputs for non-EGU sources are based on the proposed
cmissions budget level. the final emissions budget for non-EGU sources 1s less stringent than proposcd
budget  The actual benefits associated with the preferred regulatory alternatine and the final emissions
budgets will depend exactly on the specific scasonal and geographic distribution of emissions changes
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Table 2-2
2007 Base Case Projection Control Requirements by Major Sector

Major Sector

Major Base Case Requirements

EGU Pomnt
Sources

Tide IV Phase I and Phase [T NO~ and SO, hmits for all boiler tipes

230 ton Prevention of Significant Deterioration (PSD) and New Source Performance Standards
(NSPS) for NONNO.. VOC CO. and SO.

RACT and New Source Review (NSR) NON limats for all non-waned NAAs

Phase | of the Ozone Transport Commussion (OTC) NO\ memorandum of understanding (MOU)

Non-EGU Pomt
Sources

VOC and NO, RACT for all NAAS (except NO~x waners)
New control techmique guidelines (CTGs) for VOC
O1TAG Level 2 NO~ controls across OTAG States

MACT standards (primanly atiects VOCO)

Arca Sources

VOC and NON RACT requirements

New CTGs for VOC

MAC T Standards primanly affects VOO

PALONAA controls

Onboard vapor recoveny (vehicle retueling--VOC)

Stage 1T vapor recoven svstems (VOC)

Federal rules (consumer/commercial product limits. architectural and industrial mamtenance
(AIND coating hmuts) (VOU)

Nomroad NMobilo
Nources

Federal Trer 2 and 3 - 50 hp compression 1gmition {C1) engine standards (VOC. NOx. PM)
Federal Trer 1 and 2 < 50 hp Cl engine standards

Federal Phase 1 and 2 small 1<] 9 kw) spark 1gmiion (SD engine standards (CO.VOC. NO\. PM)
Federal focomotive standards (VOC . NON PN

Federal 30 hp Clmanne engine standards ( VOC NON PV

Federal spark 1gnition recreational marine engine standards (VOC. NOxN PM)

Highway Mobile

Sources

lier 1 tailpipe standards «CO- VOC NON. PAD

49-State (national ;) LEV program (CO VOC. NON PM,

2004 heavy duty diesel (HDID ) engine standards (NOx. VOC
Phasc 2 Reid vapor pressure (RVP) Imits (CO NON. VOO

[N programs tor ozone (VOC NON) and carbon monontde (CONAAS
Federal reformulated gasoline tor Oy NAAS (CO. VOC. NON SO.)
Diesel tuel sultur content limits (50.)

Oxygenated fuel in CO NAASCO)

Onboard refueling vapor recoven (VOU

Stage 2 refueling vapor recovenn (VOC)

F.nhanced evaporation emission standards (VOC)
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Table 2-3

Summary of Regulatory Alternatives for the 2007 Air Quality Modeling:
NOx Control Requirements by Major Sector

Major Sector

Control Requirements by Alternative

0.25 Trading

0.20 Trading

Regionality 1

0.15 Trading

0.12 Trading

Preferred
Alternative

a

FGU Pomnt Sources

Fmissions budget
based on 0 25
Ib/mmB U himt

I'missions budget
based on 020
thanmB U linut

Fmissions budget
hased on 0 15
I/mmB LU it in
NI+ and 020
I/ mmB it
MW/S]: P

F'misstons budpat
bascdon 00 15
Ib/mm3 LU funnt

I'missions budget
basedon 012
Ib/mmB3 1Y it

Famisstons budget
bascdon 0 15
Ib/mml13 U Lt

Non-1:GU Poimnt
Sources

O6O% (UAM-V) or
T0% (RPM/S-R)
reduction for >250
mmBtu/hour mput

capacity, RAC T for

all other sources
> tpd*

70% reduction for
=250 mumBtu/hour
mput capacity,
RACT for alt other

soutees =1 tpd

70% rcduction for
>250 mmBtu/hour
mput capacity.
RACT for all other

sourees 1 (pd

TO% reduction for
~>250 mmBtu/hour
mput capacity.
RAC! tor all other

sourees -1 (pd

70% 1eduction for
>250 mmBtu/hour
input capactty,
RACT for all other

sources > 1 tpd

6O% reduction for
borlers and turbimes,
90% reduction for
reeiprocating [C
cngines, 30%
reduction for cement
kilns?

Arca

No additionat contiol requirements

Nonroad Mobile
Sources

No additional control requirements

Highway Mobule
Sources

No additional control requirements

* Al LGU control requirements apply to fosal-fucl fired units greater than 25 MW
® NE. dtates melude Connecticut. Delaware, District of Columbia, AMassachusetts, Maryland, New fersey New York, Ohio, Pennevlvamia, Rhode Iland. Virginia and Wedt Virgima MW/SE states include
Alabama_ Georgia, lthnos, Indiana, Kentucky. Michigan, Missourt North Carohina, South Carohna fennessee, and Wisconan Emissions trading is altowed withn cach regron but not across tegions
© A 600 reduction strategy was used in the UAM-V and RADN modelimg To save additional time for the 8-R Matris modehing, 4 70% reduction strategy swas used to be consistent wath the remaming

regulatory alternatives

Al non-LGU pomt source requirements for the preferred alternative apply to sources

and cement manafacturing, the enmsston reduction requirements correspond to the highest reduction achievable for the source categors at less than $5.000 per o7one scason ton
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Table 2-4
Percent Change from 2007 Base Case in 37-State NOx Emissions

L Major Sector [ 0.25 Trading 0.20 Trading Regionality 1 0.15 Trading 0.12 Trading
0Ozone Season NOx Corresponding to UAM-V Inputs

1:GU Sources 2601 23533 -390 -1 =192
Non-EGU Sources 219 -2717 277 277 -277
Total Pomt Sources =247 327 S35 2 -38 R -4l 8
Warm Season Annualized NOx Corresponding to RADM-RPM Inputs

1:GU Sources -257 47T A8 -137 185
Non-1:GU Sources -15% -260 2259 =259 =258
Lotal Pomnt Sources =220 3S -33 8 -371 -401
Cold Season Annualized NOx Corresponding to RADM-RPM Inputs '

1GU Sources -9 1 -9 -9 1 -92 -94
Non-1:Gl) Sources -16 0 2263 2263 -263 -2613
Total Pomt Sources -1 8 -15 8 -158 -158 -159
Annual NOx Corresponding to S-R Matrix Inputs

1GU Sources -159 -198 213 =236 258
Non-1:GGUJ Sources =245 245 =245 =245 =245
Total Pomt Sources -193 216 2206 =240 =253
Ozone Season NOx Corresponding to Cost Analyses

LGU Sourees <249 337 =372 -423 -470
Non-1:GU Sources " 171 -171 171 171 -171
‘Total Point Sources 2221 277 300 -333 -362

* The RADM-RPM uses seasonal enmissions mputs The warm scason i defined as the S months May - September and the cold season i defined as the 7 months October - Apnil A wmiple Tincar combimation

of the S-month and 7-month NOx reductions will vicld an approxmation of the annual NOX reductions
" The NOX reduction estimates for the non-F.GU sources 1« based on the 60° 45,000 per ton alternative, which 18 deseribed as the “preferred alternative™ in 1able 2-3
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Chapter 3. AIR QUALITY IMPACTS

This chapter describes the methods for estimating air quality for the 2007 base case and several
alternatin¢ pohicy scenarios  EPA has estimated the air quality changes that have been inked to health.
welfare. and ecological benefits, including changes 1n ambient particulate matter (PM,, and PM. ), ambient
ozone. nitrogen deposition. and visibility degradation  First. emussion levels corresponding to the base case
and alternative policy scenarios are estimated. and this data 1s used to run air quality models Using the
methods 1dentified and described m Chapter 4. air quality changes are then associated with human
populations and ecosy stems to estimate changes n health and welfare effects

EPA has usecd a regional-scale version of the Urban Airshed Model (UAM-V) to estimate ozone air
qualiy  The Regional Acid Deposition Model (RADM) 1s used to estimate mtrogen deposition  To estimate
PM air quality and visibilits degradation. EPA has used both the Regional Particulate Model (RPM) and a
Source-Receptor Matrix (S-R Matrix) based on the Climatological Regional Dispersion Model (CRDM)
Two different PM models are used because the results of each model can be interpreted to represent the range
of atmosphenc chemistry that may exist in the vear 2007 The results of RPM are used to represent a future
eastern U S atmosphere where acid sulfate levels are still high enough to control atmospheric chemistny . and
more specifically ammonium nitrate particle formation In this circumstance. reductions in NOx emissions
may result in non-lincar responses 1n total fine particle levels. involving both decreases and increases’ The
results of the S-R Matrix are used to represent a future eastern U S atmosphere where acid sulfate levels do
not dominate particle formation chemustny  In this case. reductions in NOx emissions would be expected to
result more directhy 1in reductions in PM

Section 3 1 covers the estimation of ozone air quality using UAM-V  Section 3 2 covers the
estimation of partuculate matter air qualits using RPM. and section 3 3 discusses the S-R Matrix  Section 3 4
discusses the esuimation of mtrogen deposttion using RADM  Finally. section 3 5 covers the estimation of
visibility degradation using both RPM and the S-R Matrnix

3.1 Ozone Air Quality Estimates

The EPA has used the emissions mputs discussed in Chapter 2 with a regional-scale version of the
Urban Airshed Model (UAM-V) to estimate ozone air qualitn  UAM-V was the primany modeling tool relicd
on by the OTAG process that provided the foundation for the NOx SIP call Because 1t accounts for spatial
and temporal v ariations as well as differences 1n the reactivity of emussions. the UAM-V 1s 1deal for
evaluating the arr-quality effects of emission control scenarios

Model inputs are prepared from obsen ed meteorological. emissions. and air quality data for the
episode day s using prognostic meteorological modeling and/or diagnostic and interpolative modeling
techniques The model 1s then applied with these inputs. and the results are evaluated to determine model
performance Once the model results have been evaluated and determined to perform within prescribed
levels, the same base-case meteorological mputs are combined with modified or projected emission
inventories to simulate possible alternative future emission scenarios

" See Appendi\ D for a more thorough discussion of non-linear chemistny and fine particle formation
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For this study. EPA uses the UAM-V modeling system for the eastern U'S  The modeling syvstem 1s
applicd for a basc-ycar of 1993 and for se eral future-ycar scenarios. including a 2007 baseline and scveral
control strategy options  The UAM-V modeling sy stem requires a variety of input files that contain
mformation pertamning to the modehng domain and simulation period These include gridded. day -specific
emissions estimates and meteorological fields. imtial and boundary conditions. and land-use information

3.1.1  Modeling Domain

The modeling domain for this application 1s 1dentical to that used by OTAG 1n their modeling
analyscs  The domain encompasses most of the eastern U S and conststs of two grids. as illustrated i Figure
3-1 The horizontal resolution for the mner grid. or fine grnid. which is the shaded arca of Figure 3-1.1s
approximately 12 km. this grid consists of seven vertical lavers  The horizontal resolution for the outer grd.
which 1s the unshaded arca of Figure 3-1.1s approximately 36 km. this grid consists of fin ¢ vertical
lavers The top of the modeling domain 1s 4000 meters above ground ievel

3.1.2  Simulation Periods

The four OTAG multi-day simulation periods are used in this study to prepare the future-yvear ozone
profiles These include the following 31 davs 4-11 July 1988. 16-21 July 1991.22-29 Julv 1993. and 4-18
Julv 1993 (the start-up days for each simulation period are not histed here) Al four simulation peniods are
characterized by high ozone concentrations in one or more portions of the eastern U S . numerous
exceedances of the 1-hour National Ambient Air Quahty Standard for ozone were recorded during cach of the
periods

3.1.3  UAM-V Model Qutput

Standard output from the UAM-V modeling system includes (1) hourh . gnidded surface-laver ozone
concentrations (provided as hourly averages). (2) mstantancous osonc values for all grid cells and lavers for
cach hour of the simulation. and (3) detailed information on the sub-grid-scale plume-in-gnid treatment  For
this study. hourly. gridded. surface-lay er ozone concentrations were extracted from the file containing hourly
average osonc values  This information was used 1n the calculation of adjustment factors as described in the
followng section
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Figure 3-1
UAM-V Modeling Domain
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3.1.4 Converting Episode Estimates to Full-Season Profiles

The UAM-V runs gencrate surface laver hourly average ozone yvalues for each of the 31 episode davs
for a total of 744 hourly predictions for cach model grid cell  These predictions are used 1n conjunction with
actual 1993 obsen ations to generate ozone \ alues for the entire ozone season -

This procedure uses observed hourly ozone data obtained from EPA’s AIRS monitor database for
1995 Individual monitors are mapped onto the gridded UAM-V output. and the concentrations of the
corresponding grid cells are used to calculate an adjustment factor for cach monitor-yvear-scenario The
adjustment factor at monitor ; 1s calculated as

Mean(( ONC, 3067 o, Opmn—O 04)

Mean(Conc, -0 04)

Adjustment faclor} =

Base veur

where Conc 15 the estimated hourly ozone concentration at monitor ). in ppm. for the indicated v car and
policy option The adjustment factor 1s calculated only for concentrations aboy e continental background.
which 1s assumed to be 0 04 ppm

The estimated 2007 hourls osone concentrations are obtained as follows

Cone g o o T (Conc . 199e = 004) x (Adjusiment Factor)y -~ 004
Jor Cone -, oo > 004
(0”(‘ new . 2057 polic, opron - (OHC: howr 1998
Jor Conc , oo < 004

* The 5-month ozone season for this analsis 1s defined as May to September for health benefits For
agnicultural benefits for some crops. the relevant growing season extends mto April and mto October and November In
this analys1s. no changes m ozone concentrations are assumed to occur outside the 5-month ozone season However. the
ozone metric (SUMO6) used 1o estimate certain crop vield benefits requires that the baseline level of ozone
concentrations be estimated for months outside the 3-month ozone season
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Therefore. values less than 0 04 ppm arc assumed 1nsensiti e to control strategies and are not adjusted

Thesc air quality modeling procedures result 1n a set of estimated hourly ozone levels for cach
existing monitor for even hour m 2007 for the baseline and for each policy option Certamn hourly
observations arc 1dentical n all scenarios (specifically hours outside the ozone season and 1993 obser ations
below 0 04 ppm) Hours with ozone levels above 0 04 1n the base year have new predicted values based on
the a\erage change 1n the UAM-V modeling results for the four modeled July periods

3.1.5 Extrapolating from Monitored to Unmonitored Grid Cells

Gn en monutor-specific hourly ozone data. ozonc measures (e g . daily average) for each gnd-cell arc
obtamed m two steps (1) hourly data are com erted to an ozonc measure of interest. such as the daily average.
and (2) monitor-specific 0zone measures arc used to estimate ozone measures at each grnid cell  The
coniersion from hourh data to ozone measures of mnterest 1s straightforward The estimation of ozone
measurcs at cach grid cell uses a comvex pols gon interpolation procedure method

The conmvex polvgon method interpolates air
quality estimates from the monitors to the center of each Diagram 1: Convex Polygon
population grid cell  The convex polygonis a
generalization of the planar interpolation method Rather @ :
than limit the selection of monitors to. sav. three. the i
com ex poly gon method 1dentifies the set of monitors that @

best “surrounds” the center of each gnid cell  The result of
the conven poly gon method 1s 1ltustrated 1n Diagram 1 i i
The sct of monitors that best surround the gnd cell are x
determined by identifving which monitor 1s closest
(considering both angular dircction and horizontal
distance) in each direction from the gnd cell center The
set of monitors found using this approach will form a
com ex poh gon around the grid cell center  The ‘ ‘
agnicultural and forest effects analy sis also uses air quality
interpolated using the convex polvgon method However.
calculating the benefits for these welfare categories 1s best accomplished by using air quality data at the
county level. rather than the gnid cell level  Therefore. the conves poh gon approach 1s used to esumate the
ozone levels at the county centroid locations for these analyses

In an effort to avoid extrapolating from monitored grid cells that are too far remoyed from the
unmonitored cell to be representative, vet still maintain relati elv complete geographic coverage of the UAM-
V modeling domain. monutors are dropped from the set of defimng monitors for a population grid cell if the
monitor is greater than a 200 km  Grid-cells that have no monitors within 200 km are dropped from the
health effects analvsis  An exception to this rule is made for the analysis of agricultural and forest effects
which uses the SUMO6 index at the county level * Since ozone monitors are generally located 1n areas of
greatest population density. rather than in rural areas where crop and forest land are more densc, the 200 km

* The SUMOG 1s a crop exposure index which sums the ozone concentration for every hour that exceeds 0 06
ppm. within a 12-hour period from 8 00AM 108 00P M
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rule docs not provide sufficient coverage in many rural counties in the OTAG region  Therefore. for the
SUMO6 data set a 1.000 km range 1s used for amy county that 1s not within 200 km of a momitor  This affects
214 counties. primanihy thosc on the western edge of the region. including all of South Dakota After
determining the final set of surrounding monitors. the location's air quahty level is calculated as an imerse-
distance weighted avcrage of the selected monitors

3.1.6  Ozone Air Quality Results

A summan of the ozone air quality profiles used to assess the benefits of alternative policy scenarios
1s presented in Table 3-1  The average change n davtime hourly ozone values across the entire UAM-V
model domain ranges from -0 0003 ppm to -0 0008 ppm across alternatives The population-weighted
avcrage change across the same model domain ranges from -0 0004 person-ppm to -0 0007 person-ppm
The SUMO6 index used 1 the agriculture and forest benefits analvsis indicates a range of changes from -9 to
-16 percent

Population-wecighted changes 1n predicted 1-hour average and 8-hour average concentrations above
the level of cach ambient air quality standard are presented mn Appendix B These changes are estimated for
the total exposed population and for various subpopulations. imncluding minonty groups. children. the elderly.
and the impoyenished  In the SIP call states. the predicted decline in total population exposure above the 1-
hour osone standard ley el ranges from 31%0 to 74% The predicted decline 1n total population exposure
aboy ¢ the &-hour ozonc standard level ranges from 31%to 31%

Table 3-1
Summary of UAM-V Derived Hourly Ozone Air Quality for Daylight Hours (7am to 7pm)
During the Ozone Season

Change Relative To 2007 Base Case®
2007 Base 0.25 0.20 0.15 0.12
Statistic Case Trading Trading Reg. 1 Trading Trading
Minmmum (ppm (rO230 -0 6020 -0.0027 -00029 -0 0029 -0 0036
Masimum ppm: (r0O5:2 {0003 0 000X 00004 0 0004 0 0004
Spatial Average (ppm 00426 -0 0nhs - 000G -0 0007 -00007 -0 0008
};‘\"zfl";“(;x\: nﬂg;iﬂ . 00411 -0 0004 -0 0063 00006 -0 0006 -0 0007
SUMOG © 2535 =237 312 -3 28 -367 -4 14

* The change 1~ defined as the control case value minus the base case value

® The base case mimimum (maximum) 1s the value for the county with the lowest (highest) seasonal 7amto 7 pm average where the season is defined
as May through September  The change relative to the base case pichs the mummum (maximum) from the set of changes in all counties

¢ Calculated by summung the product of the projected 2007 county population and the estimated 2007 county seasonal ozone concentration. and then
dividing by the total population

¢ SUMO6 15 defined as the cumulative sum of hourly ozone concentrations over 0 06 ppm that occur from 8am to 8pm 1 the months of May through
September (s noted. the other statistics n this Table are for the hours of 7am to 7pm )
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Notc that only ozone concentrations during day hght hours are assumed to be affected by the control
strategies © UAM-V predictions of changes in nighttime values have not been validated 1n this analysis. and
therefore EPA has assumed no changes in mghttime values  Benefit values are therefore potentially
understated to the extent that the pohicy alternatines evaluated 1n this analy sis result in improvements 1n
nighttime y alues. and to the extent that nighttime values arc associated with health and weifare effects

The air quahty technical support document for this RIA (Abt Associates. 1998) contamns maps
showing the base casc ozone concentrations and ozone concentration changes for each of fiv ¢ regulatony
alternatn es (0 25 Trading. 0 20 Trading. Regionalits 1. 0 15 Trading. and 0 12 Trading) These maps only
com ey information about the 5-month ozone season used for the health benefits analysis

3.2 PM Air Quality Estimates Using RPM

Ambient concentrations of PM are composed of directly emutted particles and of secondary acrosols
of sulfatc. nitrate. ammonium. and organics The EPA has used the emissions mputs discussed 1n section 3 1
with both the Regional Particulate Model (RPM) and the Source-Receptor Matrix (S-R Matrix) to estimate
PM air quahty  Relative to the S-R Matrin. RPM 1s designed to more realistically account for the complex
chemical interactions that take place in the atmosphere in the secondany formation of PM  This section
discusses the usc of RPM and section 3 4 discusses the S-R Matrnix

RPM 15 an “Eulerian™ model that functions 1n tandem with the Regional Acid Deposition Model
(RADM) RPM predicts the chemustry . transport. and dynamucs of the secondany aerosols of sulfate. mitrate.
ammonium. and organics An evaluation of RPM predictions of sulfate. mitrate. and ammonium against the
Clean Air Status and Trends Network (CASTNet) was performed and RPM's predictions were deemed
rcasonable for policy assessment purposes RPM predictions of organic aerosol were not used because RPM
has a large under prediction for organics. the sources of which have not yet been thoroughly characterized
Inputs to RPM include RADM-processed fields of water and RADM-predicted fields of oxidants. nitric acid
(for total nitrate). and ammonia (for total ammomnia) The field of total mitrate 1s partitioned between
particulate nitrate and mitric acid. depending on numerous factors. including the availability’ of ammomnia.
relatin e acid sulfate levels. and ambient temperature RPM also uses a subset of the RADM emussions mputs
and the RADM mecteorological fields as mputs

32.1 Modeling Domain

The RPM domain 1s also the same as RADM. covering the eastern U S and southern Canada from
James Bay to the Florida Kevs (see Figure 3-2) The RPM grid size and vertical resolution 1s the same as
RADMs. 80-km and 15 lavers up to the top of the free troposphere. respectively. with the lowest layer
having a nominal height of 40 meters This relatively large gnd areas (e g.. compared to UAM-V) 1s though
reasonable for estimating large scale deposition, but introduces uncertainty in estimating the location of PM
changes that are related to estimating health effects m the benefits analvsis

*In the UAM-V analvsis, davtime hours are 700 AM 107 00 P M
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(RADM-RPM and S-R Matriv) used to estimate visibilits improyements produces estimates of the
impror ements at all locations throughout the SIP call region  Howener. there are no direct valuation studics
av ailablc for these other areas

To explore the potential magnitude of the value of improved visibility outside the Preservation
Values Study 's Southeast region. valuation information about the demand for visibility 1n the Southeast from
the Presen ation Values study 1s used to approximate the value of visibility improyements at national parks
outside the Southeast In order to account for geographic variabiitv in WTP. the Preservation Values
valuation method divided the recreational areas of the United States mto three regions  Separate values were
estimated for houscholds Iiving 1n each region. as well as for households living in other parts of the United
States for visibility improvements mn each region In-region respondents placed mgher values on visibility
impro\ ements at a local recreational area than out-of-region respondents  The lowest resident and non-
resident values for any national parks examined in the Preservation Values study was for visibility 1n the
Southeast The out-of-region values n the Southeast will be used as an approximation of the value of national
parks in the Central and Northeastern U S that are impacted by the NOx SIP call

For the low Central and Northeastern recreational visibility estimates. out-of-region values per
houschold for the Southeastern non-indicator parks (equal to 60 percent of the total value per deciview. or
$2 40) arc used to approximate the value to populations both outside and inside the Central and Northeastern
US of visibihity at Central and Northeastern national parks  Out-of-region values are used for both sets of
populations to avoid the possibility of double-counting benefits alrcads accounted for 1n the calculation of
residential visibility benefits Non-indicator park values are used to account for the fact that indicator parks
in a region mayv has ¢ umque values relatiy ¢ to non-indicator parks and therefore v alues for these indicator
parks arc not appropnate to transfer to non-indicator parks For the high Central and Northeastern
recreational visibility estimates. out-of-region values per household for the Southeastern non-indicator parks
arc uscd to appronimate the value to populations outside the Central and Northeastern U S of visibility at
Central and Northeastern national parks. and in-region v alues per houschold for the Southeastern non-
indicator parks are used to approximate the valuc to populations within the Central and Northeastern U S
The sum of monetan benefits for Southeast and Central and Northeastern visibilits benefits will be used 1n
the calculation of total benefits

Table 4-28 presents the recreational visibility v alues for national parks outside the Southeast Table
4-28 includes both unadjusted visibility values and v alues adjusted based on the ayerage adjustment factor of
0 82 for the RADM-RPM set  As described 1n the beginning of this section. recreational vistbihity results
generated using the S-R Matrix do not need to be adjusted  Recreational visibility benefits are predicted to be
reduced when using the S-R Matrnix gencrated visibility changes This 1s duc to predicted increases in PM in
Minnesota and Maine. where two of the major parks outside the Southeast are located

Total low-end recreational visibility benefits (Southeast plus Northeast) using RADM-RPM
generated visibility changes range from $24 million for the 0 25 trading alternative to $71 mullion for the
0 12 trading alternatine  Total RADM-RPM based high-end recreational visibility benefits range from $29
mulhion for the 0.25 trading alternative to $835 mulhion for the 0 12 trading alternative Total S-R Matrix based
low-end recreational visibility benefits range from $3 mullion for the Regionality 1 alternative to $22 mithon
for the 0 12 trading alternative Total S-R Matrix based high-end recreational visibility benefits range from
$2 mullion for the Regionality 1 alternative to $21 million for the 0 12 trading alternative
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ndicator parh alonc Prior to providing their values. respondents were instructed that “These questions
concern onlv visibility at national parks in the Southeast and assume there will be no change 1n visibility at
national parks n other regions  Other houscholds are being asked about visibility, human health and
vegetation protection in urban areas and at national parks mn other regions™ Therefore, the estimated
valuation functions for the Southeastern National Parks arc specifically designed to be in addition to any
value for urban visibihts  Note that the total value of recreational visibility improvements 1n Southcastern
National Parks 1s the sum of the value for indicator and non-indicator parks The high Southeast recreational
visibility estimatc applies the “m-region” value for Southeastern visibility changes to the total population
inside the Southeastern region. and the ~out-of-region” value for Southeastern visibility changes to all other
populations i the US The total in-region WTP per household 1s $6 50 per deciview change. while the total
out-of-region WTP per household 1s $4 per deciview change

To take mto account the possibility that the study did not fully account for double-counting. the low
Southcast recreational visibilits estimate will apply values of non-Southeast residents for Southeastern
National Parks to populations both 1n and out of the Southeast region The out-of-region value should not
include anv valuc for improy ed residential visibilits . because non-Southeast residents. by defimtion. Ine
outside the region. and thus arc not included n the Southeast residential visibility calculation

Table 4-27 presents estimates of monctary benefits arising improyements 1n recreational visibility
due 10 reductions in PM associated with the five regulatons alternatives for the NOx SIP call Table 4-27
includes both unadjusted visibility values and values adjusted based on the ayerage adjustment factor of 0 82
for the RADM-RPM sct  As described in the beginning of this section. recreational visibility results
generated using the S-R Matrix do not need to be adjusted

Table 4-27
Monetary Benefits from Improyed Visibility in National Parks in the Southeast
Associated with the NOx SIP Call

Monetary Benefits (millions 1990S)
RADM-RPM
Regulatory Alternative S-R Matrix
Unadjusted Adjusted
Low High Low High Low High

012 Irading $04 §77 $52 $63 $21 $22
015 Trading $36 $43 $30 $35 $15 $15
Regionahty 1 $40 $49 $33 $40 $11 $10
0 20 Trading $36 $43 $£30 $35 $14 $14
0 25 Trading $28 $34 $23 $28 $12 $11

The SIP call will impact visibihity at other national parks than the specific parks examined in the
Presen ation Values Study’s Southeast region  Visibility conditions will improve at additional national parks
and recreation areas in the Southeast, as well as parks in the Northeast and Midwest  The air quality mode!l
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Residential Visibility

The residential visibility valuation estimate 1s dern ed from the results of an extensive visibility study
(McClelland et al . 1991) A household WTP value 1s derived by dividing the value reported in McClelland et
al by the corresponding hypothesized change in deciview. vielding an estimate of $14 per umit change in
decnview  This WTP value 1s apphied to all households i any area estimated to experience a change in
visibility

Table 4-26 presents estimates of monetary benefits arising from improvements 1n residential
visibihity due to reductions in PM associated with the five regulatory alternatives for the NOx SIP call. Table
4-26 ncludes both unadjusted visibility values and values adjusted based on the average adjustment factor Of
0 82 for the RADM-RPM set and 0 65 for the S-R Matrix set

Table 4-26
Monetary Benefits from Improyed Residential Visibility Associated with the NOx SIP Call
Monetary Benefits (millions 19908S)
Regulatory N A S-R Matri
Alternativ e RADM-RPM - atria
Unadjusted Adjusted Unadjusted Adjusted

012 Tradmg $14d4 $118 $92 $60
015 Trading $34 $28 $59 £38
Regionalin ] $42 $34 $4] $27
0 20 Trading $46 $38 $48 $31
{25 Trading $30 $25 $46 $30

Recreational Visibility

The value of visibility 1mproyements in certain National Parks m the Southeast 1s based on the
results of a 1990 Cooperatin e Agreement project jomntly funded by the EPA and the National Park Senvice.
“Presen ation Values For Visibilits Protection at the National Parks™ Based on that contingent valuation
study of visibihty improvements. Chestnut (1997) calculates a houschold willingness to pay (WTP) for
vistbility mmproy ements. capturing both use and non-use recreational values. and accounts for geographic
vanations mn the willingness to pav  This method was used in the PM and ozone NAAQS RIA analysis, and
1s adopted for the SIP call benefits analysis

The Preservation Values studv examined the demand for visibilhity in three broad regions of the
countn . but only the Southeast region is directly relevant for the SIP call Respondents both inside and
outside the Southeast region were asked their willingness to pay to protect visibility at four National Parks in
the region Shenandoah, Mammoth Cave. Great Smoky Mountains, and Everglades National Parks Photos
from Shenandoah (the “indicator park™ in the Southeast region) were provided as part of the survey
mnstrument  Respondents were first asked for their value for preserving “only visibilits at National Parks in
the Southeast”™ They were later asked to state what portion of their stated total value was for visibility at the
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Tablc 4-23 presents estimates of monctary benefits arising from the avoided household soiling
associated with the five regulaton alternatines for the NOx SIP call  Household soiling benefits are not
affected by the threshold assumption

Monetary Benefits from Reduced HouZ::lid4Si?ling Associated with the NOx SIP Call
Monetary Benefits (millions 1990S)
Regulatory Alternative RADM-RPM S-R Matrix
012 Trading $26 $11
0 135 Trading $10 $7
Regionahty 1 $10 $6
020 Trading $10 $6
025 Trading $7 $6

44.5  Visibility

Visibility effects arec measured in terms of changes i deciview. a measure useful for comparing the
effects of air quality on visibility across a range of geographic locations  This measure 1s directly related to
two other common visibility measures visual range (measured 1 km) and light extinction (mecasured 1n km™)
The decnview measure characterizes visibihity 1n terms of perceptible changes 1n haziness independent of
bascline conditions  Based on the deciview measure. two types of valuation estimates are applied to the
expected visibilits changes residential visibility and recreational visibiliny

Visibility 1s a function of the ability of gases and acrosols to scatter and absorb ight RPM only
computes the loss of visibility due to sulfates. nitrates. organic matter. and clemental carbon. but not other
vanables. such as coarse PM and fine soil By not including thesc other terms. the resulting estimates of
WTP for residential and recreational visibility improvement are overestimated Based on the full suite of
variables available at IMPROVE sites. the WTP estimates should. on average. be multiplied by 0 82 to
correct for this bias  The range of correction factors is from 0 40 to 1 00. depending on the sitc and to a
lesser extent the policy alternatine  Simularly. when calculating residential visibility, the S-R matrix estimate
includes terms for sulfates. nitrates and coarse PM. but does not include organic matter and other variables
The results from the IMPROVE monitors suggest that to correct this bias. the WTP estimates should be
multiplied by 0.63 at the mean. with the correction factors ranging from 0.28 to 1.00  Note that the S-R
matrix recreational \isibility estimates include the full suite of visibihity vanables. so no correction 1s
necessary
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Table 4-24 presents estimates of monetary benefits arising from the avoided costs of mitrogen
remon al for the 12 estuaries with directh modeled nitrogen deposition changes and for the full set of 43 East
Coast estuarics including extrapolated benefits associated with five regulatory alternatives for the NOx SIP
call Estimates in Table 4-24 assume that 10 percent of mitrogen deposited over the watershed reaches the
estuan . costs for non-study estuaries are equal to the average of the costs for the three case studies. and
benefits are applied only to nutrient-sensitiv e estuaries

Table 4-24
Monetary Benefits Associated with the NOx SIP Call from Avoided Costs
of Nitrogen Removal in Eastern Estuaries

Monetary Benefits (millions 1990S)
Regulatory Alternative
12 Modeled Eastern Estuaries Extrapolation to 43 Eastern Estuaries
012 Trading $129 $248
015 Trading $123 $238
Regionahty ] 5115 $221
020 Trading $109 $210
025 Irading $79 $152

4.4.4 Household Soiling Damage

Welfare benefits also accrue from avoided air pollution damage. both aesthetic and structural. to
architectural materials and to culturallh important articles At this time. data limitations preclude the abihity
to quantifs benefits for all materials whose deterioration may be promoted and accelerated by air pollution
exposure  However. this analysis addresses one small effect n this category. the soiling of households by
particulate matter

Assumpuons regarding the air quality indicator are necessary to ¢y aluate the concentration-response
funcion PM , and PM. . arc both components of TSP However. 1t 1s not clear which components of TSP
causc houschold soiling damage The Criteria Document cites some evidence that smaller particles may be
primarils responsible. in which casc these estimates are consen atine

Several studies have provided estimates of the cost to households of PM soiling  The study that 1s
ated by ESEERCO (1994) as one of the most sophisticated and 1s relied upon by EPA in 1its 1988 Regulaton
Impact Analvsis for SO. 1s Manuel et al (1982) Using a household production function approach and
houschold expenditure data from the 1972-73 Bureau of Labor Statistics Consumer Expenditure Survey for
over twenty cities 1n the United States. Manuel et al estimate the annual cost of cleaning per pg/m® PM per
household as $1.26 (50 48 per person times 2.63 persons per household) This estimate 1s low compared
with others (e g . estimates provided by Cummings et al , 1981, and Watson and Jaksch, 1982, are about
eight times and five times greater. respectively) The ESEERCO report notes. however, that the Manuel
estimate 1s probably downward biased because 1t does not include the time cost of do-it-yourselfers
Estimating that these costs may comprise at least half the cost of PM-related cleaning costs. they double the
Manuel estimate to obtain a point estimate of $2 52 (reported by ESEERCO 1n 1992 dollars as $2 70)
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a\v atlable. more complete estimates of the commercial and ecological benefits of reduced atmospheric
deposition of mtrogen can be mcorporated into regulatory analyses

The fixed capital costs for non-point controls mn the case study estuaries 1s ranged from $0 61 to
$43 27 per pound for agricultural and other rural best management practices and from $35 to $142 64 per
pound for urban nonpoint source controls (stormwater controls. reservoir management. onsite disposal
svstem changes. onsite BMPs) Using these as a base. the total fixed capital cost per pound (weighted on the
basis of fractional relationship of nitrogen load controlled for the estuary goal) is calculated for each of the
case-study estuaries and applied 1n the valuation of their avoided nitrogen load controlled The weighted
capital costs per pound for the case-study estuaries are $32 88 for Albemarle-Pamlico Sounds. $22 31 for
Chesapeake Bay. and $88 25 for Tampa Bav®. For the purposes of this analysis. EPA assumes that estuaries
that hay ¢ not vet established nutrient reduction goals will utilize the same types of nutrient management
programs as projected for the case study estuaries  For the other nine estuaries. an average capital cost per
pound of mitrogen (from the three case-estuaries) of $47 65/1b ($105/kg) 1s calculated and applied. this cost
may understate or overstate the costs associated with reductions in these other estuanies  The other nine
estuarics generalhy represent smaller. more urban estuancs (like Tampa Bay ). which typically have fewer
technical and financial options av ailable to control nitrogen loadings from nonpoint sources This may result
1n higher control costs more simular to the Tampa Bay case  On the other hand. these estuanies may have
opportunitics to achieve additional point source controls at a lower costs  Also. increased public awareness
of nutrification 1ssues and technological innovation max. n the future. result 1n States finding lower cost
solutions to nitrogen remon al

The 12 estuaries directly anals zed represent approximatels 48% of the estuarine watershed area
along the East Coast (there are 43 East Coast estuaries of which 10 were in the sample. and 31 Gulf of
Menico estuaries of which 2 are in the sample) Because NOAA data indicate that approxtmatehy 89%

(92 6% by watershed arca plus surface area) of East Coast estuaries are highly or moderately nutnient
sensitive. 1t 1S reasonable to expect that estuaries not included 1n this analyvsis would also benefit from reduced
deposition of atmospheric mitrogen  Total benefits from the 12 represcntative estuarics are scaled-up to
include the rematnder of the nutrient sensitive estuaries along the East Coast (92 6% of all East Coast
estuarics) on the basis of estuany watershed plus water surface area  Since the 12 representatn ¢ estuaries
account for 48 pereent of total eastern estuarine area. estimates are scaled up by multiplyving the estimate for
the 12 estuarics by 2 083 and then taking 92 6 percent of this estimate to adjust for nutrient sensitivity

All capital cost estimatcs are then annualized based on a 7% discount ratc and a tyvpical
implementation horizon for control strategies  Based on information from the three case study estuanes. this
tvpicallv ranges from 3 to 10 vears  EPA has used the midpoint of 7 5 years for annualization. which vields
an annualization factor of 0 1739 Non-capital installation costs and annual operating and maintenance costs
are not included n these annual cost estimates  Depending upon the control strategy . these costs can be
significant  Reports on the Albemarle-Pamlico Sounds indicate. for instance. that planning costs associated
with control measures comprises approximately 15% of capital costs Information received from the
Association of National Estuary Programs indicates that operating and maintenance costs are about 30% of
capital costs. and that permitting. monitoring. and inspections costs are about 1 to 2% of capital costs For
these reasons. the annual cost estimates may be understated

“ The value for Tampa Bay 1s not a true weighted cost per pound, but a midpoint of a range of $58.54 to
$117 65 developed by Apogee Research for the control possibilities (mostly urban BMPs) in the Tampa Bav estuary
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cstuaries are chosen because of the availability of necessany data and their potential representativeness  This
analysis uses the following data for each estuary (1) total nitrogen load from all sources. (2) direct mtrogen
load from atmospheric deposition to the estuary surface. (3) indirect nitrogen load from atmospheric
deposition to the estuany watershed and subsequent pass-through to the estuary itself. (4) established
mitrogen thresholds and reduction goals adopted by the community. and (5) costs associated with using
agrecd upon non-point water pollution control technologies

Atmospheric nitrogen reductions are valued 1n this anals sis on the basis of avoided costs associated
with agreed upon controls of nonpomnt water pollution sources Benefits are estimated using an average.
locally -based cost for nitrogen remon al from water pollution (EPA. 1998) Valuation reflects water pollution
control cost avoidance based on average cost/pound of current non-point source water pollution controls for
nitrogen in three case study estuaries  Albemarle/Pamlico Sounds. Chesapeake Bay. and Tampa Bay  Taking
the weighted cost/pound of these av ailable controls assumes States will combine low cost and high cost
controls. which could inflate avoided cost estimates

In arccent advison statement. the EPA’s Science Advisors Board (SAB). charged with reviewing
the benefits methodology for the §812 Prospective report on the benefits and costs of the Clean Air Act
Amendments. raised concerns about the use of the avoided cost approach to value reduced ecosystem
damages Specifically. they 1dentified a kev requirement which should be met in order for avoided costs to
appronimate environmental benefits  This requirement 1s that there is a direct link betwcen implementation
of the air pollution regulation and the abandonment of a separate costly regulators program by some other
agency. 1¢ a state environmental agency - Reductions in nitrogen deposition from the NOx SIP call are
expected to impact estuaries all along the eastern seaboard and the Gulf Coast  Many of the estuaries in these
arcas arc currently being targeted by nitrogen reduction programs duc to current impairment of estuarine
water quality by excess nutrients  Some of the largest of these estuaries. mncluding the Chesapeake Bay. have
cstablished goals for mitrogen reduction and target dates by which these goals should be achieved  Using the
best and most easily implemented existing technologies. many of the estuaries will not be able to achicyve the
stated goals by the target dates  For example. the Chesapeahe Bay needs an additional 9.000 tons of nitrogen
reductions per vear and Long Island Sound needs an additional 3.300 tons of reductions per vear Mecting
these additional reductions will require dey elopment of new technologies. implementation of costly existing
technologies (such as stormwater controls). or use of technologies with significant implementation
difficulties. such as agricultural best management practices (BMPs) Reductions in nitrogen deposition from
the atmosphere duce to the NOx SIP call will directly reduce the need for these additional costly controls
Thus while the NOx SIP call does not ecliminate the need for nutrient management programs alreads m place.
1t may substitute for some of the incremental costs and programs (such as an agncultural BMP program)
necessary to meet the nutrient reduction goatls for each estuany - This then meets the SAB requirement since
thc NO~ SIP call will directly reduce the need for elements of separate costly reduction actions

EPA believes that the use of an avoided cost approach in this RIA 1s consistent with the SAB advice
for appropniate usc of avoided costs  The SAB did not provide direct guidance on alternative approaches to
measuring the benefits of reduced nitrogen deposition to estuaries  However. EPA recognizes the fact that
avoided costs do not directly measure the benefits of reduced ecological impacts due to mitrogen deposition
Thus. while avoided cost 1s only a proxy for benefits. and should be viewed as inferior to willingness-to-pay
based measures. 1t 1s preferred to excluding any quantitative estimate of benefits for this categorv  Current
research 1s underway to develop other approaches for valuing estuarine benefits. including contingent
valuation and hedonic property studies However. this research 1s still sparse, and does not contain sufficient
information on the margnal willingness-to-pay for changes in concentrations of nitrogen (or changes in water
quahty or water resources as a result of changes in nitrogen concentrations) As more studies become
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Table 4-23 presents estimates of monetary benefits of vicld changes of commercial forests associated
with the five policy alternatives for the NOx SIP call EPA did not estimate monetary benefits for all policy
altermatnes Benefits for excluded alternatn es can be easily estimated using a ratio of estimated benefits to a
simlar benefit categon . such as commodity crops Benefits for the 0 25 trading and Regionahty 1
alternatn es are estimated by applving the ratio of forestny to agricultural benefits for the 0 15 trading
alternatne. equal to 0 39. to the agricultural benefits for these two alternatives.

Becausc of the long harvesting cyvcle of commercial forests and the cumulative effects of higher
growth rates. the benefits to the future economy will be much larger than the estimates reported in Table 4-
23 For example. the 0 12 trading policy alternative would result in about $8 0 billion additional forest
imentories by 2040 The estimated annualized benefits for this alternative, $233 mullion. are much lower
because of smaller benefits 1n earlier vears (1 ¢ , the 2010 and 2020 decades) and because the higher benefits
realized in later vcars are heavily discounted

Table 4-23
Commercial Forest Monetary Benefits Associated with the NOx SIP Call

Regulatory Monetary Benefits
Alternative (millions 19905)

012 Trading $233

0 13 Trading $213

Regionahity 1 $188

(20 Trading $185

0 25 Trading $143

4.4.3 Nitrogen Deposition

Excess nutrient loads. especially that of nitrogen. arc responsible for a variety of adverse
conscquences to the health of estuarine and coastal waters  These effects include toxic and/or noxious algal
blooms such as brown and red tides. low (hy poxic) or zero (anoxic) concentrations of dissolved oxvgen in
bottom waters. the loss of submerged aquatic vegetation due to the hight-filtering effect of thick algal mats.
and fundamental shifts in phyvtoplankton community structure Direct concentration-response functions
relaung deposited nitrogen and reductions 1n estuarine benefits arc not available  The preferred willingness-
to-pay based measure of benefits depends on the av ailability of these concentration-response functions and on
estimates of the value of environmental responses  Because neither appropriate concentration-response
functions nor sufficient information to estimate the marginal value of changes n water quality exist at
present. an avoided cost approach is used instead of willingness-to-pay to generate estuary related benefits of
the NOx SIP call

The benefits to surrounding communities of reduced nitrogen loadings resulting from various control
strategies for atmospheric NOx emissions are calculated for 10 East and 2 Gulf Coast case study estuaries,
and extrapolated to all 43 Eastern U S estuanies  The 10 East Coast case study estuaries represent
approximately half of the estuarine watershed area in square miles along the East Coast. The 12 case study
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while differences arc much larger when the most sensitive cultivars are used  Values for AGSIM exceed
those from RMF by 40 to 44 percent. depending on the regulatory alternatine

Table 4-22
Sensitivity Analysis: AGSIM Generated Monetary Benefits Due to Changes in
Production of Commodity Crops Associated with the NOx SIP Call

Monetary Benefits
Regulatory Alternative (millions 1990S)
Least Sensitinve Cultivars Most Sensitive Cultivars
(112 Tradmg $51 $595
015 frading $44 $521
Regronalin | $3K $451
020 Trading $37 $440
(123 frading $29 $338

4.4.2 Commercial Forests

Any attempt to estimate economic benefits for commercial forests associated with reductions n
orsone ansing from implementation of the NOx SIP call 1s constramned by a lack of exposure-response
functions for the commercialls important mature trees  Although exposure-response functions have been
devcloped for seedlings for a number of important tree species. these seedling functions cannot be
extrapolated to mature trees based on current knowledge Recognizing this imitation. a study (Pye. 1988
and deSteiger & Pyve. 1990) mvolving expert judgment about the effect of ozone levels on percent growth
change 15 uscd to dey clop estimates of ozone-related economic losses for commercial forest products

An analysis by Mathtech in conyunction with the USDA Forest Service (Mathtech. 1998b) of forestrv
scctor benefits quantifies the effect of ozonce on tree growth and the demand and supply characteristics of the
timber marhet The estimates do not include possible non-market bencfits such as aesthetic effects  Forest
aesthetics 1s discussed qualitatively later in this chapter

The economuc value of vield changes for commercial forests was estimated using the 1993 timber
assessment market model (TAMM). TAMM isa U S Forest Service (Adams and Havnes, 1996) spatial
model of the solidwood and timber inventory elements of the U S forest products sector The model provides
projections of timber markets by geographic region and wood tyvpe through the vear 2040 Nine regions
covering the continental U S are included 1n the analvsis TAMM simulates the effects of reduced O,
concentrations on timber markets by changing the annual growth rates of commercial forest growing-stock
inventories The model uses applied welfare economics to value changes 1n ambient O, concentrations
Specifically. TAMM calculates benefits as the net change n consumer and producer surplus from baseline O,
concentrations to the O, concentrations resulting from implementation of the NOx SIP call policy.
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(Lec ct al . 1996) Four man areas of thc RMF have been updated to reflect the 1996 Farm Bill and USDA
data projections to 2003 (the vear farthest into the future for which projections are available) These four

arcas arc vicld per acre. acres han ested. production costs. and model farms  Documentation outhining the
2005 updatc 1s provided in EPA. 1997a

Table 4-21 presents estimates of monetary benefits due to changes in the production of all six
commodity crops associated with five regulatory alternatives for the NOx SIP call  Estimates for both most
and least ozonc sensitiv e crops are presented in Table 4-21  The highest benefit estimate of $415 mulhion
(assuming relatnely sensitne cultnvars for the 0 12 Trading alternative) 1s a relatively small 0 6% of the total
1997 crop valuc This suggests that individual farmers are not likely to identify ozone sensitivity as a major
factor in obsen cd vield changes in the presence of other more obvious factors. such as meterology .
fertilization. and pest resistance  Likewise. gnven the relatin e importance of other vield enhancing crop traits.
such as pest resistence. 1t 1s unhikely that seed dey elopers will focus on dey elopment of ozone tolerant
vanicties  Nonetheless. to the extent that ozone resistant cultivars are available and farmers respond to
increased ozone levels by subtituting towards more ozone resistant cultivars. crop losses will be reduced

Table 4-21
Changes in Production of Commodity Crops and Monetar)
Benefits Associated with the NOx SIP Cali

Monetary Benefits
Regulatory Alternative (millions 19908)
Least Senstuive Cultuvars Most Sensitive Cultinvars
012 Trading £33 $415
(15 Trading $47 $361
Regronalhity ] $43 $318
020 Trading $42 $312
0123 Trading $34 $242

AGSIM 1s an alternatn ¢ agricultural sector model which has gained popularity in the agnicultural
economics ficld It has been extensnely peer-reviewed and it estimates a more complete set of responses to
vicld changes than RMF  The primany difference 1s that AGSIM models planted acreage as a behavioral
response to vield and relative price changes. while RMF treats planted acres as a fixed factor  As a sensitinity
anah s1s. AGSIM was run for the five regulatory alternatives to determine how AGSIM performs relative to
RMF RMF was chosen for the primany analysis because it has been extensively tested and used 1n previous
regulaton 1mpact analyses For a complete description of AGSIM. see the AGSIM technical support
document (Abt Associates. 1998b)

Table 4-22 presents AGSIM generated estimates of monetary benefits due to changes in the
production of all six commodity crops associated with the five regulatory alternatives for the NOx SIP call
Estimates for both most and least ozone sensitive crops are presented in Table 4-22  As mught be expected.
differences between the results of the models are relatn ely small when the least sensitne cultivars are used.
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Table 4-20
Quantified Ozone- and PM- Related Welfare Effects
Included in the Benefits Analysis

Welfare Effect Pollutant Study

Agnculture - Commodity Crops Ozone Mathtech. 1998

Nitrogen Deposition in | stuarine and

Coastal Waters NO~ EPA. 1998

Crocker and Horst. 1981 and

Decreased Worker Productiviny Ozone EPA. 1994
Visibihin-Class T Areas (SE only) PM Chestnut et al . 1997
Visibihty -Residential PM McClelland et al . 1991
Houschold Soihing PM ESEERCO. 1994

44.1 Commodity Agricultural Crops

The economic v aluc associated with vaning levels of vield loss for ozone-sensitive commodity crops
1s anah 7ed using a revised and updated Regional Model Farm (RMF) agricultural benefits model (Mathtech.
1998a) The RMF 1s an agricultural benefits model for commodity crops that account for about 75 percent of
all US sales of agricultural crops  The RMF explicitly incorporates exposurc-response functions into
mucrocconomic models of agricultural producer behavior  The model uses the theory of applied welfare
economics to value changes in ambient ozone concentrations brought about by particular policy actions such
as the NOx SIP call

The measure of benefits calculated by the model 1s the net change 1n consumers’ and producers’
surplus from bascline ozone concentrations to the ozone concentrations resulting from attainment of
alternati ¢ standards  Using the baseline and post-control equilibria. the model calculates the change in net
consumers' and produccrs’ surplus on a crop-by -crop basis® Dollar values are aggregated across crops for
cach standard The total dollar v alue represents a measure of the change 1n social welfare associated with the
regulaton alternatine  Although the model calculates benefits under three alternatine welfare measures
(perfect competition. price supports. and modified agricultural policy ). results presented here are based on the
"perfect competition” measure to reflect recent changes 1n agricultural subsidy programs  Under the recently
revised 1996 Farm Bill . most ehgible farmers have enrolled 1n the program to phase out government crop
price supports for the RMF-releyant crops wheat. corn. sorghum. and cotton

For the purpose of this analysis. the six most economically significant crops are analyzed corn,
cotton. pcanuts. sorghum. sovbean, and winter wheat In the 37-state region modeled 1n this analysis, these
crops were valued at over $70 bilhon in 1997 The model employvs biological exposure-response information
denived from controlled experiments conducted by the National Crop Loss Assessment Network (NCLAN)

* Agricultural benefits differ from other health and welfare endpoints 1n the length of the assumed ozone
season For agriculture. the ozone season 1s assumed to extend from April to September  This assumption 1s made to
ensure proper calculation of the ozone statisic used 1n the exposure-response functions The onlv crop affected by
changes in ozone during April 1s winter wheat
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the single symptoms evaluated by the studies isted in Exhibit 4 3 are not severe. then the estimate of WTP to
avoid a MRRAD should be somewhere between $15 72 and $83 00 Because the 1Ec estimate of $38 37 falls
within this range (and acknowledging the degree of arbitrariness associated with any estimate within this
range). the 1Ec esimatc 1s used as the point estimate of MWTP to avoid a MRRAD

Table 4-19 presents point estimates of avoided incidences of PM-related Minor Restricted Activiny
Daxs and monetan benefits associated with the five regulatony alternatives for the NOx SIP call

Table 4-19
Avoided PM-related Minor Restricted Activity Days and Monetary Benefits
Associated with the NOx SIP Call*

Avoided Incidences (cases/vear) Monetary Benefits (millions 1990S)
Regulatory RADM-RPM S-R Matrix RADM-RPM S-R Matrix
Alternative
Back Back Back Back
15 ug/m’ | ground | 1S ug/m’ | ground | 13 pug/m’ | ground | 15 pg/im’ | ground

012 Irading 1.394 423 | 1.621.039 1 423788 | 742977 $33 $62 $16 29
0 15 Trading 620,193 | 611.497 | 298208 | 498.840 $24 524 $11 Sy
Regionali ] 614892 | 648058 | 247195 | 389.994 $24 $25 $10 $15
020 Trading 337468 | 617173 | 268.453 | 43G.935 $21 $24 $10 $17
025 Trading 338283 | 434783 | 249224 | 402875 $14 $17 $10 $16

* Annual baschne inaidence 1s 780,000 davs vear per 100.000 population between the ages of 18 and 65 Total annual basehne

mcidence for the NOs SIP call region 15 1.060 597322 davs vear

3.4 Ozone- and PM-related Welfare Effects

In addition to the effects on human health described aboye. reducing NOx emissions in the eastern
United States will also have welfare (1 ¢ . non-health) effects  Welfare effects cover a potentially broad range
of adverse effects. including ads erse impacts on plants. animals. structural materials. visibility. and
ccosystem functions  Like health effects. i order to be included 1n a quantified monetann benefits anal sis.
all of the analhv tical links between changes 1in emissions and the monetars value of the effects must be
available While the required analvtical components are available for certain welfare endpoints. many other
hkely or possible welfare categories are omitted from the analvsis  The availability of information on each
analvtical step hmuts the total coverage of the welfare effects  All of the welfare benefits that are quantified
and included mn the benefits analy sis were included in the PM and ozone NAAQS RIA. However. there have
been some changes in the quantification of certain welfare effects, which are described 1n this section. Table
4-20 lists the welfare categories that are included in the benefits analvsis

The welfare categories mncluded in the SIP call analvsis that use the 1dentical procedures previoush

used are described in the technical support document for this RIA (Abt Associates, 1998a) The remainder of
this section describes aspects of the welfare analvsis that are different than the ozone and PM NAAQS RIA

Page 4-36



Table 4-18
Avoided PM-related Work Loss Days and Monetary Benefits Associated with the NOx SIP CalF®

Avoided Incidences (cases/year) Monetary Benefits (millions 19908S)
Regulatory RADM-RPM S-R Matrix RADM-RPM S-R Matrix
Alternative Back Back Back Back

15 pg/m’ | ground | 15 pg/m’ | ground | 15 pg/m’ | ground | 1S ug/m’ | ground

012 Trading 167.124 | 194.481 53.315 91.357 $14 $16 $4 $8
(15 Trading 74.345 73.325 38.262 62.300 $6 $6 $3 $5
Regionahty | 73.703 77.953 32.149 49.258 $6 $6 $3 $4
(20 [rading 64.608 74176 34.696 54.163 $3 $6 $3 34
025 lrading 43,136 52.333 32391 50.801 $4 $4 - %3 $4

* Annual baseline mendence 15 130,730 davs vear per 100.000 workers hetween the ages of 18 and 63

4.3.7 Minor restricted activity days

No studies arc reported to have esumated WTP to avoid a minor restricted activity day (MRAD)
However. 1Ec (1993) has dernved an estimate of WTP to avoid a munor respiratory restricted actnity day
(MRRAD). using WTP estimates from Tollex et al (1986) for avoiding a three symptom combination of
coughing. throat congestion. and sinusitis  This estimate of WTP to avoid a MRRAD. so defined. 1s $38 37
Although Ostro and Rothschild (1989} esimated the relationship between PM-2 5 and MRADs. rather than
MRRADs (a component of MRADs). 1t 1s Iikely that most of the MRADs associated with exposurc to PM-
2 5 are mn fact MRRADs For the purpose of valuing this health endpoint. then. 1t 1s assumed that MRADs
associated with PM exposure may be more specifically defined as MRRAD:s. and the estimate of MWTP to
avoid a MRRAD 1s used

Am cstimate of MW TP to avoid a MRRAD (or any other ty pe of restricted activity day other than
WLD) will be somewhat arbitran because the endpoint 1tself 1s not preciscly defined Many different
combinations of s\ mptoms could presumably result 1n some minor or less minor restriction 1n activity It has
been argued (Krupnick and Kopp. 1988) that mild symptoms will not be sufficient to result in a MRRAD. so
that WTP to avord a MRRAD should exceed WTP to avoid any single mild symptom A single severe
svmptom or a combination of svmptoms could. howener. be sufficient to restrict activity - Therefore WTP to
avord a MRRAD should. these authors argue. not necessarily exceed WTP to avoid a single severe symptom
or a combination of symptoms The “sevenity” of a symptom. however. 1s similarly not precisely defined.
moreorcr. one level of severity of a symptom could induce restriction of activity for one individual while not
doing so for another The same is true for any particular combination of symptoms

Given that there 1s inherently a substantial degree of arbitrariness 1n any point estimate of WTP to
avoird a MRRAD (or other kinds of restricted activity days). the reasonable bounds on such an estimate are
considered By definition, a MRRAD does not result in loss of work  WTP to avoid a MRRAD should
thercfore be less than WTP to avoid a WLD At the other extreme. WTP to avoxd a MRRAD should exceed
WTP to avoid a single muld symptom  The highest IEc midrange estimate of WTP to avoid a single symptom
1s $15 72. for eve imitation  The point estimate of WTP to avoid a WLD 1n the benefit analvsis is $83  If all
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Table 4-17
Monetary Benefits from Ozone-related Avoided Lost Worker Productiv ity
Associated with the NOx SIP Call

Regulatory Monetary Benefits
Alternative (millions 19908)
0 12 Trading $25

0 15 Trading $22
Regionality 1 $20

0 20 Tradmng $19

0 25 Trading $14

4.3.6  Workloss davs

Willingness to pay to avoid the loss of one day of work was estimated by dividing the median weekh
wage for 1990 (U S Department of Commerce. 1992) by 5 (to get the median daily wage) This values the
loss of a dav of work at the median wage for the day lost  Valuing the loss of a day 's work at the wages lost
1s consistent with economic theony . which assumes that an indinidual 1s paid exactly the v alue of his labor

The use of the median rather than the mean. however. requires some comment  If all individuals
socicty were equally hikely to be affected by air pollution to the extent that they lose a day of work because of
it. then the appropriate measure of the value of a work loss day would be the mean daily wage It 1s highly
likelv . however. that the loss of work days due to pollution exposure does not occur with equal probability
amonyg all indnduals. but mstead 1s more hkely to occur among lower income individuals than among high
income indiniduals It 1s probable. for example. that individuals who are vulnerable enough to the negative
effects of air pollution to lose a day of work as a result of exposure tend to be those with generalls poorer
health care Indinviduals with poorer health care have. on average. lower incomes  To estimate the average lost
wages of individuals who losc a dav of work because of exposure to PM pollution. then. would require a
weighted average of all daily wages. with higher weights on the low end of the wage scale and lower weights
on the high end of the wage scale  Because the appropriate weights are not known. howencr. the median wage
was used rather than the mean wage The median 1s more hikely to approximate the correct value than the
mean because means are highly susceptible to the influence of large values in the tail of a distribution gn this
casc. the small percentage of ven large incomes in the United States). whereas the median 1s not susceptible
to these large values The median daily wage in 1990 was $83 00

Table 4-18 presents point estimates of avoided PM-related work loss davs and monetary benefits
associated with the five regulatony alternatn es for the NOx SIP call
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Table 4-16
Avoided Incidences of PM-related Upper and Lower Respiratory Symptoms
and Monetary Benefits Associated with the NOx SIP Call®

Avoided Incidences (cases/vear) Monetary Benefits (millions 1990S)
Regulatory RADM-RPM S-R Matrix RADM-RPM S-R Matrix
Alternatie Back Back Back Back

15 pg/m> | ground | 15 pg/m’ | ground | 15 ug/m’ | ground | 1Spg/m’ | ground

012 Trading
URS 1.639 1.683 682 748 $00 $00 $00 $00

LRS 16.051 18,675 4.604 8. $02 $0 2 801 $0 1

('S}
R
o0

(13 Trading

URS 623 6353 459 494 $00 $00 $00 $00
I RS 7162 7.151 3.208 3572 $01 $0 1 $00 $0 1

Regionahty ]
URS 642 667 343 368 $00 $00 $00 $0 0
LRS 6.833 7.313 2.567 4.189 801 $01 $00 $00

020 Trading
URS S¥3 630 389 414 $00 $00 $00 $00
LRS 6.190 7.057 2858 4771 $01 $01 $00 $0 1

G 25 Trading

URS 392 462 372 396 $00 $00 $00 $00

LR~ 4.107 4.934 2.677 4.521 $0 0 $0 1 $00 $0 1

¢ Annual baseline incidence m the applied population (asthmatics. ages 9-11) 1s 38.187 for upper respiratory ssmptoms Information
on baseline ncidence 1s not available for lower respiraton symptoms
" URS upper respiraten ssmptom. LRS lower respiratons sy mptom
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The point estimates dernved for MW TP 10 avoid a day of URS and a case of LRS are based on the
assumption that WTPs arc additine  For example. if WTP to avoid a day of cough 1s $7 00. and WTP to
avoid a dav of shortness of breath 1s $3 00. then WTP to avoid a day of both cough and shortness of breath 1s
$12 00 If there arc no syvnergistic effects among svmptoms. then 1t 1s likely that the marginal utilits of
avoiding sy mptoms decreases with the number of symptoms being avoided  If this 1s the case. adding WTPs
would tend to overestimate WTP for avoidance of multiple sysmptoms However, there may be synergistic
effects -- that 1s. the discomfort from two or more simultaneous svmptoms may exceed the sum of the
discomforts associated with each of the individual ssmptoms  If this 1s the case. adding WTPs would tend to
underestimatec WTP for avoidance of multiple ssmptoms It 1s also possible that people may experience
additional svmptoms for which WTPs are not av ailable. again leading to an underestimate of the correct
WTP However. for small numbers of symptoms. the assumption of additivity of WTPs 1s unlikels to result
n substantive bias

Table 4-16 presents point estimates of avoided incidences of PM-related upper and lower respiratory
ssmptoms and monetan benefits associated with the five regulatory alternatives for the NOx SIP call Note
that the magnitude of incidences and the magmtude of monetany benefits arc vers different This 1s duc to the
small \alue per avoided incidence for upper and lower respiratory symptoms

4.3.5 W orker Productivity

The v aluation used to monctize benefits associated with increased worker productivity resulting from
improy ed ozone air quahty 1s based on information reported in Crocker and Horst. 1981 and summarized in
EPA. 1994 Crocker and Horst (1981) exanuned the impacts of ozone exposure on the productivity of
outdoor citrus workers  Productivity impacts were measured as the change 1n income associated with a
change 1n osonc exposure. ginen as the clasticity of income with respect to ozone concentration (-0 1427)
The reported clasticity . which s used as the central estimate in this analyvsis. translates a 10 percent reduction
in ozone to a 1 4 percent increase nincome  Gnven the average daihy mcome for outdoor workers engaged n
strenuous activity reported by the 1990 U'S census. $73 per day. the 10 percent reduction in ozone vields
approximately S1in increased daily wages

Table 4-17 presents estimates of monetary benefits arnising from ozone-related avoided lost worker
productivity associated with the five regulatonn alternatiyes for the NO~ SIP call
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PM Related Upper Respiratory Symptoms

The concentration-response function for URS 1s taken from Pope et al (1991) Popc et al describe
URS as consisting of one or more of the following ssmptoms runny or stuffs nosc. wet cough. and burning.
aching. orred exes  The children in the Pope study werc asked to record respirators symptoms in a daily
dianv . and the daily occurrences of URS and LRS. as defined above. were related to daily PM-10
concentrations  Estimates of WTP to avoid a day of svmptoms are therefore appropriate measures of
benefit

Willingness to pay to avoid a dax of URS 1s based on symptom-specific WTPs to avoid those
svmptoms identified by Pope et al as part of the URS complex of ssmptoms  Three contingent 1 aluation
(CV) studies hav e estimated WTP to avoid various morbidits svmptoms that are either within the URS
svmptom complex defined by Pope ct al or are similar to those ssmptoms identified by Pope et al  In each
CV study. participants were asked their WTP to avoid a dav of each of several ssmptoms The three
indn idual symptoms that were 1dentified as most closels matching those listed by Pope et al for URS are
cough. headssinus congestion. and eve uritation A dav of URS could consist of any one of seven posstble
“ssmptom complexes” consisting of at Icast one of these ssmptoms [t 1s assumed that each of the seven
tvpes of URS 1s equally hikely  The ex ante MWTP to avoid a dav of URS 1s therefore the average of the
MWTPs to avoid cach tapc of URS. or $18 70 This 15 the pomt estimate for the dollar value for URS used
in the benefit analvsis Fmalls. 1t 1s worth emphasizing that what 1s being v alued here 1s URS as defined by
Popeetal 1997 While other definitions of URS are certainly possible. this definition of URS 1s used in
this benefit analvsis because 1t 1s the incidence of this specific definition of URS that has been related to PM
cxposure by Pope et al . 1991

PM Related Lower Respiratory Symptoms

Schwarts et al (1994) estimated the refationship between LRS and PM-10 concentrations The
method for dernving a point estimate of MWTP to avoid a day of LRS 1s the same as for URS  Schwartz ¢t
al (1994) definc LRS as at least two of the following ssmptoms cough. chest pain. phlegm. and wheezc
The symptoms for which WTP cstimates are available that reasonably match those histed by Schwartz et al
for LRS arc cough (C). chest tightness (CT). coughing up phlegm (CP). and wheeze (W) A day of LRS. as
defined by Schwarts et al . could consist of any one of the 11 combinations of at least two of these four
symploms

It 15 assumed that each of the eleven tvpes of LRS 1s equally ikehh  The ex ante MWTP to avoid a
day of LRS as defined by Schwartz is therefore the average of the MW TPs to avoid each tvpe of LRS. or
$11 82 This 1s the point estimate used i the benefit analvsis for the dollar value for LRS as defined by
Schwartz et al  The WTP estimates are based on studies which considered the value of a day of avoided
symptoms. whereas the Schwartz study used as 1ts measure a case of LRS  Because a case of LRS usually
lasts at least one day. and often more. WTP to avoid a day of LRS should be a conservative estimate of WTP
to avoid a case of LRS

Finally. as with URS. 1t 1s worth emphasizing that what is being valued here is LRS as defined by
Schwariz et al . 1994 While other definitions of LRS are certainly possible, this definition of LRS 1s used in
this benefit analvsis because it 1s the incidence of this specific definition of LRS that has been related to PM
exposure by Schwartzet al . 1994
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were known and WTP estimates could be obtamed for all 19 symptoms. the assumption of additivity of
W TPs becomes tenuous with such a large number of svmptoms  The likelihood that all 19 svmptoms would
occur simultancously. moreoter. 1s very small

Acute respiratons ssmptoms must be erther upper respiratory’ symptoms or lower respiratory
ssmptoms In the absence of further knowledge about which of the two types of symptoms 1s more likely to
occur among the “any of 19 acute respiratory symptoms.” 1t was assumed that they occur with equal
probabilits  Because this health endpoint may also consist of combinations of symptoms. 1t was also
assumed that there 1s some (smaller) probability that upper and lower respiratory symptoms occur together

To value avoidance of a dav of “"the presence of any of 19 acute respiratory svmptoms ™ it was
therefore assumed that this health endpomnt consists either of URS. or LRS. or both It was also assumed that
it 1s as kel to be URS as LRS and that 1t 1s half as hikely to be both together That 1s. 1t was assumed that
“the presence of amy of 19 acute respiratory symptoms’™ 1s a day of URS with 40% probability. a day of LRS
with 40% probabilits. and a dax of both URS and LRS with 20% probability - Using the point estimates of
WTP to avoid a dav of URS and LRS derned aboye. the point estimate of WTP to avoid a day of “the
presence of amy of 19 acute respirators symptoms ™~ 1s

(0 40)($18 70) + (0 40)($1182) + (020)($1870 + $1182) - $1831 M

Because this health endpoint 1s only vaguels defined. and because of the lack in information on the relative
frequencics of the different combinations of acute respiratory svymptoms that might qualifs- as “any of 19
acute respiratons symptoms.” the unit dollar value derived for this health endpoint must be considered only a
rough approximation

Table 4-13 presents point estimates of avoided mcidences of ozone-related respiratory symptoms and
monetan benefits associated with the five regulatory alternatives for the NOx SIP call

Table 4-15
Avoided Incidences of Ozone-related Respiratory Symptoms and Monetary Benefits
Associated with the NOx SIP Call

Regulatory Alternative Avoided Incidences I\lol!et-ar)‘ Benefits
. (cases/year) (millions 1990S)
012 Trading 68.919 $13
015 Trading 61,015 $12
Regionalin 1 54.757 $10
0 20 Trading 51,053 $10
0 25 Trading 37,908 $0 7
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Table 4-14

Avoided Incidences of PM-related Chronic and Acute Bronchitis and Monetary Benefits
Associated with the NOx SIP Call

Avoided Incidences (cases/vear)

Monetary Benefits (millions 19908)

Regulatory RADM-RPM S-R Matrix RADM-RPM S-R Matrix
Alternative Back Back Back Back
15 ug/m’ | ground | 15 pug/m’ | ground | 15 pg/m’ | ground | 15 pug/m’ | ground
012 Trading
Chromc 2060 2.0534 891 909 $589 $374 $£240 $245
Acute 1.148 2,171 424 917 $01 $01 $00 $00
015 Trading
Chronic 787 782 587 593 $225 $213 $158 $160
Acute 335 827 313 609 f00 $00 $0 0 $00
Regionality |
Chronic 823 823 449 453 $236 $223 $121 $122
Acute 317 839 237 433 $00 $00 $00 $00
020 Trading
Chronic 785 784 499 500 $216 $221 $134 $135
Acute 472 809 294 519 $00 $00 $00 500
025 Trading
Chronic 550 548 469 471 $148 $150 $126 $127
Acute 352 574 276 490 $0 0 $00 SO0 $00

434

Acute Respiratory Symptoms

There are three sources of uncertainty 1n the valuation of upper or lower respirators symptoms (1) an

Ozone-Related Respiratory Symptoms

occurrence of URS or of LRS may be comprised of one or more of a variets of ssmptoms (1 ¢ . URS and LRS
are each potentially a “complex of svmptoms™). so that what 1s being valued mayv van from one occurrence to
another. (2) for a given symptom. there is uncertainty about the mean WTP to avoid the svmptom. and (3) the
WTP to avoid an occurrence of multiple symptoms may be greater or less than the sum of the WTPs to avoid
the individual ssmptoms

“Presence of anv of 19 acute respiratory svmptoms™ is a somewhat subjective “health endpoint™ used
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by Krupnick et al (1990) Moreover. not all 19 symptoms are listed in the Krupnick study It is therefore
not clear exactly what symptoms were included 1n the studv  Even if all 19 symptoms were known, 1t 1s
unlikely that WTP estimates could be obtained for all of the symptoms  Finally, even if all 19 svmptoms




Schwarts. 1993). which consider only new cases of the 1llness While a new case may not start out being
severe. chronic bronchius 1s an illness that mav progress m severity from onset throughout the rest of the
indnidual s ife 1t 1s the chronic illness that 1s being valued. rather than the illness at onset

The WTP to avoid a casc of pollution-related chronic bronchitis (CB) 1s derived by starting with the
WTP to avoid a sexere case of chronic bronchitis. as described by Viscusi et al (1991), and adjusting 1t
downward to reflect (1) the decrease m severity of a case of pollution-related CB relative to the severe casc
described in the Viscus: study. and (2) the elasticity of WTP with respect to sevenity reported in the Krupnick
and Cropper study  The adjustment procedure 1s described in more detail 1n the techmcal support document
(Abt Associates. 199%a) The mean value of the adjusted distribution 1s $260.000

Estimating WTP to avo01d a case of acute bronchitis 1s difficult for several reasons First. WTP to
avoid acute bronchitis 1tself has not been estimated  Estimation of WTP to avoid this health endpoint
therefore must be based on estimates of WTP to avoid svmptoms that occur with this illness  Second. a casc
of acute bronchitis mav last more than onc day. whereas 1t 1s a dav of avoided symptoms that is typically
valued Fmally . the concentration-response function used in the benefit analy sis for acute bronchitis was
estimated for children. whereas WTP estimates for those svmptoms associated with acute bronchitis were
obtamned from adults

With these cavcats in mind. a rough estimate of WTP 1o avoid a case of acute bronchitis was dernved
as the midpoint of a fow and a high estimatc  The low estimate (513 29) 1s the sum of the midrange values
recommended by [Ec (IEc. 1994) for two symptoms behey ed to be associated with acute bronchitis coughing
($6 29) and chest tightness (87 00) The high estimate was taken to be twice the value of a minor respiraton
restricted activity day ($38 37). or $76 74 The mudpoint between the low and high estimates 1s $45 00 This
value was used as the point estimate of MW TP to avoid a case of acute bronchitis in the benefit analy sis

Table 4-14 presents point estimates of avoided meidences of PM-related chronic and acute bronchitis
and monetan benefits associated with the five regulators alternatives for the NOx SIP call
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Table 4-13
Avoided PM-related Hospital Admissions and Monetary Benefits
Associated with the NOx SIP CalF®

Avoided Incidences (cases/vear) Monetary Benefits (millions 1990S)
Regulatory RADM-RPM S-R Matrix RADM-RPM S-R Matrix
Alt ati
ernatine Back Back Back Back
15 pg/m® | ground | 15 pg/m’ | ground | 1Spg/m’ | ground | 15 pg/m’ | ground

012 Tradmg  AR" 305 354 518 389 $19 $22 £33 $37
CHF 61 63 26 28 $0 3 $053 $0 2 $02

|67 70 29 31 $0 7 $0 7 $0'3 $03

(13 Trading AR 133 133 491 535 $09 $0 8 $31 34
CHEF 23 24 17 18 $0 2 $02 $0 1 $0 1

IHD 23 27 19 20 0 3 $0°3 $6 2 g0 2

Regionahn AR 133 139 479 511 $0 8 $09 $30 $32
] CHY 24 26 13 14 $0 2 $02 $0 1 $01

IHD 27 28 14 135 $0 3 $0 3 $U 1 $02

020 Irading AR 117 133 484 320 $0 7 $0 & $31 $33
CHE 22 24 14 15 $02 SO 2 S0 1 $0 1

mm | 2 27 16 17 $0 2 $0 3 $0 2 $02

25 Trading AR 78 94 480 515 SO 3 $06 30 $33
CHE 14 17 13 14 $0 1 $0 1 $0 1 $0 1

1HD 13 19 15 16 $0 0 $02 $02 g0 2

¢ Annual basehne incidence in the general population 1s 304 100.000 tor all respiratory. 231 100.000 for congestive heart failure. and
430 100,060 for 1schemic heart disease Total annual basehne incidence for the NO\ SIP call region 1s 1 109.687 admissions tor all
respiraton, 308.607 adnussions tor congestive heart falure. and 990.792 admissions tor ischemic heart disease

® AR refers to all respiraton . CHE refers to congestive heart failure. and IHID refers to 1schemic heart disease

4.3.3 Bronchitis

Chronic bronchitis is the only measured morbidity endpoint that mav be expected to last from the
initial onset of the illness throughout the rest of the indinvidual s hife WTP to avoid chronic bronchitis would
therefore be expected to mcorporate the present discounted value of a potentially long stream of costs (¢ g .
medical expenditures and lost earnings) and pain and suffering associated with the illness  Two studies.
Viscusi et al (1991) and Krupnick and Cropper (1992) provide estimates of WTP to avoid a case of chronic
bronchitis  The study by Viscusi et al . however. uses a sample that 1s larger and more representati e of the
gencral population than the study by Krupnick and Cropper (which selects people who have a relative with
the disease) The valuation of chronic bronchitis in this analyvsis 1s therefore based on the distribution of
WTP responses from Viscusi et al (1991)

Both Viscusi et al (1991) and Krupnick and Cropper (1992). however, defined a case of severe
chronic bronchitis It 1s unclear what proportion of the cases of chronic bronchitis predicted to be associated
with exposure to pollution would turn out to be severe cases  The estimated incidence of pollution-related
chronic bronchitis related to the SIP call emission reductions 1s based on two studies (Abbey et al , 1993 and
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Ozone-related Hospital Admissions

The benefits analy sis includes a single ozone-related effect categon for hospital admissions  all
respiraton diseases  The study that estimated the C-R function (Thurston et al., 1992) examuined hospital
admussions for all ages in the population  Because of the comprehensiveness of the Thurston studs . 1t 1s
selected over other available studies that are restricted to limited age ranges (e g . the population aged 65 vear
and older). and/or specific diagnoses (e g . hospital admissions for pneumonia) The age- and disease-
specific effect categories are subsets of the all-age. all-respiratory disease hospital admission categon
Therefore. the benefits of avoided hospital admissions for respiratory illnesses for all ages should be larger
than the benefits for more restricted categories  However. that 1s not true for the estimated benefits. based on
the available studies  The Thurston estimated relationship produces fewer benefits than either of the two
available alternatives all respiratonn disease admussions for the population over 65. or the sum of pneumonia
and chronic obstructin ¢ pulmonan disecase (COPD) admussions for the population over 65 Clearly adding
the results for these study tyvpes would mv ol e a serious amount of double counting  Therefore. selecting the
Thurston study may underestimate the total benefits of hospital admissions

Table 4-12 presents point estimates of avoided incidences of hospital admissions for all ozone-

related respiratory svmptoms and monetany benefits associated with the five regulatory alternatives for the
NOx SIP call

Table 4-12
Avoided Ozone-related Hospital Admissions and Monetary Benefits
Associated with the NOx SIP Call*

Regulatory Alternativ e Avoided Incidences Mor!et-ary Benefits
(cases/year) (millions 1990S)
012 Trading 719 §5
015 Trading 637 $4
Regionahty | 571 $4
020 Trading 333 $4
025 Irading 396 33

? Annual baseline maidence tor all respirators -refated hospital admisstons (not just ozone related) in the general population 15
504 100.000  Total annual baseline incidence for the NOx SIP call region 1s 1.109.687 admissions

PM-related Hospital Admissions

The benefits analvsis includes three PM-related hospital admissions. due to all respiratory illnesses.
congestine heart failure. and ischemic heart disease  As with ozone-induced hospital admissions, the benefits
analvsis relies on a study of all respiratory hospital admussions for all age groups. rather than studies
examining the population over 65 Table 4-13 presents point estimates of avoided incidences of PM-related
hospital admissions and monetany benefits associated with the five regulatory alternatives for the NOx SIP
call
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Table 4-11
Sensitivity Analysis: Avoided Post Neo-natal PM-related Mortality Incidences

Avoided Incidences (cases/year)
. RADM-RPM S-R Matrix
Regulatory Alternative
Back Back
15 pg/m’ ground 15 ug/m’ ground
012 Trading 5 3 2 2
015 Trading 2 2 2 2
Regronalin 1 2 2 1 ]
020 Trading 2 2 1 ]
023 Tradmg 1 ] 1 1

4.3.2 Hospital Admissions

An indinidual’s WTP to avoid a hospital admission will include. at a minimum. the amount of money
they pav for medical expenses (1 ¢ . what they pay towards the hospital charge and the associated physician
charge) and the loss in earmings  In addition. however. an individual 1s Iikely to be willing to pay some
amount 1o avoid the pain and suffering associated with the illness itself  That 1s. even 1f they mcurred no
medical expenses and no loss in carmings. most mdnviduals would still be willing to pay something to avoid
the tllness

Because medical expenditures are to a significant extent shared by society. via medical surance.
Medicare. etc . the medical expenditures actualls imcurred by the individual are ikels to be less than the total
medical cost to societs  The total v alue to society of an individual’s avordance of hospital admission, then.
might be thought of as having two components (1) the cost of 1llness (COI) to society. including the total
medical costs plus the value of the lost productivity. as well as (2) the indnidual's WTP to avoid the
disutthty of the 1llness itself (e g . the pain and suffering associated with the 1llness)

In the absence of estimates of social WTP to avoid hospital admissions for specific ilinesses
{components 1 plus 2 above). estimates of total COI (component 1) are tzpically used as consen atine (lower
bound) cstimates  Because these estimates do not include the valuc of avoiding the disutility of the illness
itself (component 2). they are biased downward Some analy ses adjust COI estimates upward by multiplving
by an estimate of the ratio of WTP to COI. to better approximate total WTP Other anah ses have avoided
making this adjustment because of the possibility of over adjusting -- that 1s, possibly replacing a known
downward bias with an upward bias The previous RIAs for PM and ozone, as well as the revised RIA for
ozone and PM NAAQS. did adjust the COI estimate upward The COl values used in the benefits analysis
for the SIP call benefits will not be adjusted to better reflect the total WTP  This 1s consistent with the
guidance offered by the §812 SAB commuttee

The COI estimates used 1n this RIA include the estimated hospital and physician charges. based on

the average length of a hosputal stay for the 1llness. and the estimated opportunity cost of time spent n the
hospital
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Table 4-10
Sensitivity Analysis: Premature Mortality Benefits
Using Avoided Short Term PM-related Mortality Incidences®

Avoided Incidences (cases/vear) Monetary Benefits (millions 1990S)
Regulator) RADM-RPM S-R Matrix RADM-RPM S-R Matrix
Alternative
Back Back Back Back
15 ug/m* | ground | 15pg/m’ | ground | 15pg/m’ | ground | 15 pg/m’ | ground
012 Trading 293 339 136 203 $1.393 $1.634 $649 $969
015 Trading 130 128 110 152 $619 $615 $523 726
Regionahn | 129 136 99 129 $614 $666 §473 $617
0 20 Trading B 129 103 138 $336 $619 $493 $658
023 Trading 76 91 99 132 $360 $434 $473 $630

* Annual baseline inuidence for non-accidental deaths i the general population is 803 100.000  Total annual baseline mcidence for
the NON SIP call region 1s 1.768.014 non-accidental deaths for the population aged over 30

A new study (Woodruff et al. 1997) finds a significant association between annual PM, levels and
post-neonatal (infants aged 28 - 51 weeks) mortality - Conceptually any additional mortality from this
function would be additin ¢ to the Pope results (because the Pope function covers onh the population over 30
vcars old). although not additii ¢ to the daily mortality studies (which cover all ages) The SAB recently
advised the §812 Prospectn ¢ project 1o not include this in the §812 primary analysis at this ime. primarily
because the study 15 of a new endpoint and the results have not been replicated in other studies in the U S
The coherence and consistency arguments which support the use of the Pope study are not present with this
study at this time  For the SIP call analvsis. this endpoint 1s presented as a sensitivity analysis PM.
changes associated with the NO~ SIP call are used with this PM;,. C-R function  This will produce a
consen ati e estimate of mnfant mortality for two reasons  First. there may be some reductions 1n the coarse
fraction (PM between 2 3 and 10 mucrons 1n diameter) that result from the NOx reductions which will be
omitted from the analysis  Perhaps more importantly . estimating infant mortalits using the estimated change
m PM. levels ina PM, function imphcith assumes that the fine fraction of PM 1s no more toxic than the
coarse fraction EPA’s decision mn 1997 to set an additional NAAQS using PM. . in addition to a PM
standard. 1s based m part on a growing scientific consensus that the fine fraction of the total PM,, mass 1s
hikely to be most associated with adverse health effects  1f in fact the toxicity of PM. < 1s greater than the
toxicity of PM,,.. then using changes 1n PM. ¢ in a C-R function based on PM,, will underestimate the total
effect on infant mortality

Table 4-11 presents a sensitivity analvsis using neo-natal mortality Monetary benefits associated
with the avoided incidences are not presented due to a lack of information about the value of avoided neo-
natal mortality’ It 1s likelv that avoided infant mortalities will be valued higher than mortalities for adults
However. at present. no studies have been conducted to determune this value For this reason. only avoided
incidences of neo-natal mortality are presented in Table 4-11
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the ~Sin-aities” cohort study ). the Pope study found a smaller increase 1n excess mortality for a gnen PM air
quality change

Table 4-9 presents point estimates of avoided incidences of long-term PM-related mortahity and
monetans benefits associated with the five regulators alternatives for the NOx SIP call  As noted earlier. non-
lincarities inherent in the RADM-RPM air qualits model lead to an inconsistent ranking of results between
the RADM-RPM and S-R Matnix results  With the exception of the 0 12 trading alternative. estimated
premature mortality incidences are higher for S-R Matrix generated PM changes than for RADM-RPM
generated PM changes

Table 4-9
Avoided Long Term PM-related Mortality Incidences and Monetary Benefits
Associated with the NOx SIP call

Avoided Incidences (cases/year) Monetary Benefits (millions 1990S)

Regulatory RADM-RPM S-R Matrix RADM-RPM S-R Matrix
Alternative Back Back Back Back
153 ug/m® | ground | 15 pg/m® | ground | 15 pg/m’ | ground | 1S pg/m’ | ground
(12 Trading 310 657 306 561 $1.468 $3.173 $1.439 $2.672
015 Trading 33 101 231 370 $251 $482 $1.099 $1.763
Regionaht ] 67 94 190 278 $317 $4359 $904 $1.326
020 Trading 78 149 216 313 $370 $715 $1.028 $1.499
025 Trading 44 75 202 294 $208 $358 $962 $1.400

¢ Annual baseline maidence for non-acaidental deaths in the general population aged over 3015 759 100.000  Total annual baseline

incidence for the NO~ SIP call region 15 929.557 non-accidental deaths

The esuimatces of excess mortalits from the short-term studies are presented as an important
sensitnity anah sis - Because there is only one short-term study (presenting results from 6 separate U S
cities) that uses PM. ¢ as the metric of PM (Schwartz et al . 1996). an estimate based on the pooled city -
specific. short-term P . results will be presented

Table 4-10 presents the results of a sensitivity analvsis using mortality associated with short-term
exposure to PM. . In some cases. the avoided incidences of mortality (and corresponding monetary benefits)
predicted using the short-term function are hugher than those predicted using the long-term function, and in
other cases the reverse 1s true  For the RADM-RPM background threshold results. the magnitude of the
difference between the value of avoided incidences of short- and long-term mortality ranges from $-1.539
milhon for the 0 12 trading alternative to $207 mulhion for the Regionality 1 alternative For the S-R Matrix
background threshold results. the magmitude of the difference ranges from $-1,703 milhion for the 0.12
trading alternative to $-709 million for the Regionality 1 alternative  As with long-term mortality, the
relationship between the RADM-RPM and S-R Matrix generated results is not consistent across alternatives,
due to the differences n air chemistry modeling between the two models  In addition, the rank ordering
across threshold levels 1s not consistent across alternatives
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benefits dern ed from the distribution of concentration-response functions generated from the meta-analysis
described above  The limiting upper end for ozone-related mortality 1s generated by assuming that the
highest concentration-response function applies evenvwhere  This would generate a benefits estimate
considerably higher than the high estimate in Table 4-8

Table 4-8
Range of Avoided Ozone-related Mortality Incidences and Monetary Benefits
Associated with the NOx SIP Call*

Avoided Incidences Monetary Benefits
(cases/vear) (millions 1990S)
Regulatory Alternative
Low High Low High
012 Tradinp 0 315 $0 $1.496
(13 Trading 0 279 $0 $1.320
Regronahn ] 0 251 $0 $1.191
0 20 Trading ¢ 234 $0 $1.108
(25 Trading 0 174 $0 $824

“ Annual basehine inaidence tor non-aceidental deaths i the general population for all ages 15 803 100.000  Total annual basehne
ineidence for the NOx SIP call region 15 1.768.014 non-accidental deaths

PM-related Mortality

PMi-associated mortality i the benefits analysis 1s estimated using the PM., . relationship from Pope
ctal. 1993 This decision reflects the Science Advisory Board's explicit recommendation for modeling the
mortahty cffects of PM in both the completed §812 Retrospective Report to Congress and the ongoing §812
Prospectine Study - The Pope study estimates the association between long-term (chronic) exposure to PM. ;
and the sun i al of members of a large study population This relationship 1s selected for use in the benefits
anah sis mstead of short-term (daily pollution) studies for a number of reasons

The Pope long-term studs 1s selected as providing the best available estimate of the relationship
between PM and mortality It 1s used alone. rather than considering the total effect to be the sum of
estimated short-term and long-term effects. because summing creates the possibility of double-counting a
portion of total mortahits  The Pope studs 1s selected n preference to other available long-term studics
because 1t uses the best methods (1 e.. a prospectiy e cohort method with a Cox proportional hazard model),
and has a much larger cohort population. the longest exposure interval. and more locations (51 cities) in the
United States. than other studies It 1s unlikely that the Pope study contains any significant amount of
short-term hanvesting  First, the health status of each individual tracked 1n the study 1s known at the
beginning of the study period Persons with known pre-existing serious 1llnesses were excluded from the
studs population Second. the Cox proportional hazard statistical model used 1n the Pope study examines the
question of survivabilits throughout the study period (10 years) Deaths that are premature by onlyv a few
davs or weeks within the 10-vear study period (for example, the deaths of terminally 1ll patients, triggered by
a short duration PM episode) are likely to have htle impact on the calculation of the average probability of
surviving the entire 10 vear interval In relation to the other prospective cohort study (Dockery. et al . 1992.
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over ime  This suggests that it max take many yecars of data before the ozone effect can be separated from
the daily weather and scasonal patterns with which 1t tends to be correlated

In 1997. as a part of the ozonc NAAQS promulgation RIA. EPA staff reviewed this recent literature
They 1dentified 9 studies that met a defined set of selection criteria. and conducted a meta-anal sis of the
results of the 9 studies  The result of this work was included as Appendix J in the NAAQS RIA.
~Assessment and Syvnthesis of Available Epidemiological Evidence of Mortality Associated with Ambient
Ozone from Dailv Time-series Analvses™ (EPA. 1997a)

The NO~ SIP call related benefits analvsis implements the same basic meta-analy s1s approach to
quantifi ing ozone mortahty as the NAAQS RIA. with the exception that a subset of 4 of the 9 studies 1s used.
representing only U S based analvses In a post-NAAQS RIA review of the methodology for assessing
ozone mortality effects. 1t was determined that the relationships between ambient ozone and mortality in the
non-U S study locations mcluded 1n the onginal NAAQS-related meta-anals sis mav not be representative of
the range of ozone-mortality concentration-response relationships n the United States  Although ozone 1s the
same ¢vernvwhere (in contrast to PM). its effects on mortalits may depend on 1ts nteractions with other
pollutants and with meteorological variables In addition. there are population and societal differences (air
conditioning mcidence. building construction. human activity patterns, etc ) across locations that could affect
the relationship between ambient ozone levels and mortalits - To reduce the potential for applying
mappropriate concentration-response functions n analvsis of the ozone mortality benefits from the NOx SIP
call. onh U S studies are included. based on the assumption that demographic and environmental conditions
on average would be morc similar between the studs and policy sites  Howener. the full body of peer-
reviewed ozone mortality studies should be considered when evaluating the weight of evidence regarding the
presence of an assoctation between ambient ozone concentrations and premature mortality

Because of differences in the averaging times used in the underly ing studics (some use daily average
osonc levels. while others use 1-hour dailv maximum 1 alues). 1t 1s not possible to conduct a meaningful meta-
anah si1s directly on the coefficients of the C-R functions Instead. for each pair of air qualitn modeling results
(for the baseline and a gnven regulatory alternatine) for the NOx SIP call. each C-R function 1s translated into
a sct of predicted mortahity incidence changes that would be estimated by that C-R function. given the set of
air quality changes The meta-analy sis approach 1s then applied to the predicted mortality incidence changes
that would be estimated by each of the studies  Additional details of the approach are described 1n the
technical support document for the NOx SIP call (Abt Associates. 1998a)

Table 4-8 presents the range of estimates of av oided incidences of ozone-related mortality and
monetan bencfits associated with five regulatony alternanves for the NOx SIP call Note that the lower
estimate for this endpomt 1s zero to reflect both the number of peer-reviewed studies finding no sigmificant
relationship between ozone and premature mortality and the lack of a directly established biological
mechanism hinking ozone and premature mortality  In its review of the epidemiological ozone-mortality
literature. EPA has determined that there is a reasonable probability that increased ozone concentrations are
associated with incidences of premature mortality  In Table 4-8 the higher estimate allows for the existence
of an ozone-mortahty relationship, but assumes there is some probability that for any specific location within
the SIP call region that the effect of ozone on premature mortality is zero  This probability is embedded 1n
the previously discussed meta-analysis approach. which includes studies both with and without findings of a
statistically significant relationship between ozone concentrations and premature mortality.

Note that the high estimate presented in Table 4-8 does not represent the limiting upper end of
potential ozone-related mortality benefits The high estimate in Table 4-8 represents the mean estimate of
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There are. similarly . two basic types of epidemiological studies of the relationship between mortality
and exposurc to pollutants  Long-term studies (e g . Pope et al . 1993) estimate the association between long-
term (chronic) exposure to air pollution and the survival of members of a large study population over an
extended period of ime - Such studies examine the health endpoint of concern in relation to the general long-
term levcl of the pollutant of concern -- for example. relating annual mortality to some measure of annual
pollutant level Daily peak concentrations would impact the results only insofar as they affect the measure of
long-term (c g . annual) pollutant concentration In contrast. short-term studies relate daily levels of the
pollutant to daily mortalits By their basic design. daily studies can detect acute effects but cannot detect the
effects of long-term exposures A chronic exposure study design (a prospective cohort study. such as the
Pope study ) 1s best able to 1denufy the long-term exposure effects, and will likely detect some of the short-
term exposure effects as well  Because a long-term exposure study may detect some of the same short-term
exposure effects detected by short-term studies. including both types of study in a benefit analysis would
likely result in some degree of double counting of benefits

Another major ady antage of the long-term study design concerns the 1ssue of the degree of
prematurits of mortahty associated with air pollution It 1s possible that the short-term studies are detecting
an association between air pollution and mortahty that 1s primarily occurring among terminally 1ll people
Critics of the use of short-term studies for policy analysis purposes correctly point out that an added risk
factor that results in a termnally 11l person dyving a few days or weeks earlier than they otherwise would have
(known as “short-term harvesting ) 1s potentially included 1n the measured air pollutant mortalits “'signal”
detected 1n such a study  As the short-term study design does not examine individual people (1t examines
daih mortality rates in large populations. typically a large city population ). it 1s impossible to know anything
about the o erall health status of the spectfic population that 1s detected as dving early  While some of the
detected excess deaths may hayc resulted 1n a substantial loss of hfe (measuring loss of Life 1n terms of lost
vears of remaining lifc). others may have lost a relatively short amount of lifespan

Whale the long-term study design is preferred. these types of studies are expensie to conduct and
consequently there are relatinely few well designed long-term studics  For PM. there has only been one high
quality study accepted by the Science Advisony Board. and for ozone. no acceptable long-term studies have
been published  For this reason. short-term ozone mortality 1s used as the basis for determining ozone-related
mortality benefits for the NOx SIP call

The next two sections provide details on the measurement and valuation of changes in mmcidences of
prematurc mortahity associated with changes m ozone and PM anising from implementation of the NOx SIP
call

Ozone-related Mortality

The literature on the possible relationship between exposure to ambient ozone and premature
mortahty has becn evohing rapidly  Of the 28 time-series epidemiology studies identified in the literature
that report results on a possible association between daily ozone concentrations and daily mortality (see EPA.
1997a. Appendin J). 21 were published or presented since 1995 In particular, a senies of studies published
mn 1995 through 1997 (after closure on the ozone Criteria Document) from multiple cities in western Europe
has significantly increased the body of studies finding a positive association Fifteen of the 28 studies report
a statstically significant relationship between ozone and mortality, with the more recent studies tending to
find staustical significance more often than the earher studies The ozone-mortality datasets have also tended
to become larger in more recent studies as longer series of air quality momtoring data have become available
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Summary of Mortality Valuation Estimates

Table 4-7

a

Valuation per Statistical

Study Ty pe of Estimate Life (millions of 1990 S)
Knesner and Leeth (1991, (U S) Labor Market 06
Smith and Gilbert (19843 Labor Market 07
Dillingham (1983} Labor Market 09
Butler (19X3 Labor Market 11
Miller and Gura (1991) Contingent Valuation 12
Moore and Viscus: (198%4) Labor Market 23
Viscust Magpat and Huber (1991bi Contingent Valuation 27
Geganetal (1985 Conuingent Vajuation 33
Marin and Psacharopoulos (1982 Labor Market 28
Kneisner and Leeth (1991 (Austraha) Labor Market 33
Gerking de Haan. and Schulze (1988) Contingent Valuaton 34
Cousmeau. Lacroin. and Girard (1988) Labor Market 36
Jones-Lee (198Y) Contingent Valuation 3%
Dillimgham ( JUXS. Labor Market 39
Viscus: (1978 19749, Labor Market 41
RS Smith (19701 L.abor Market 16
VK Smuth 1976y Labor Market 47
Olson (1981 Labor Market 52
Viscust (1981 Labor Market 65
RS Smuth (1974, Labor Market w2
Moore and Viscust (198Ka) Labor Market 73
Kneisner and Leeth (1991) (Japan) Labor Market 76
Herzog and Schlotiman (1987 Labor Market 91
Leigh and Folson (19843 Labor Market 97
Leigh (1987) Labor Market 104
Gaten (198%) Labor Market 135

* Source Viscusi. 1992
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Table 4-6
Quantified PM-Related Health Effects Included in the Benefits Analysis

Endpoint Population to Which Applied Study
Mortality
PM. (-related long-term exposure ages 30+ Pope et al . 1995
mortahy

Hospital Admissions

“all resprraton” all ages Thurston et al . 1994
Congestive heant falure age 65+ Schwartz and Morrs. 1995
Ischermic heart disease age 65+ Schwartz and Morris. 19€5

Chronic Bronchitis

Development of chronic bronchitis all Schwarts. 1993

Respiratory Symptoms/Ilinesses Not Requiring Hospitalization

Acute bronchius ages 10-12 Docken ctal 1989

PM. Crelated lower respiraton ages 8-12 Schwartz et al . 1994
ssmptoms (I RN

Upper resprratory ssmptoms (URS) asthmatics. age 9-11 Pope et al . 1991
MRADS ages 18-63 Ostro and Rothschild. 1989
Work loss davs (WD ages 1X-63 Ostro. 198~

There arc two types of exposure to elevated levels of air poliuation that may result in premature
mortality  Acute (short-term) exposure (e g . exposure on a gnen day ) to peak pollutant concentrations may
result in excess mortahty on the same day or within a few days of the elevated exposure  Chronic (Jlong-term
exposure (e g . exposure over a period of a vear or more) to levels of pollution that are generally higher may
result in mortality m excess of what 1t would be 1if pollution levels were generalls lower The excess mortalin
that occurs will not necessarily be associated with any particular episode of elev ated air pollution levels
Both types of cffects are biologically plausible. and there 1s an increasing body of consistent corroborating
evidence from animal toxicity studies indicating that both tyvpes of effects exist
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Table 4-5
Quantified Ozone-Related Health Effects Included in the Benefits Analysis

Health Effect Affected Population Study
Mortality
Osone-related short-term exposure all ages pooled analysisof 4 U S studies
mortality

Hospital Admissions

“All Respiraton ™ all ages Thurston et al . 1992

Respiratory Symptoms/Ilinesses Not Requiring Hospitalization

Acute resprraton svmptoms (amy of 19) ages 18-65 Krupnick et al . 1990

Although the priman environmental purpose of the NOx SIP call 1s to help achiev e attainment of the
osone NAAQS 1n the castern Umited States. significant monetansy benefits will also be associated with
changes in ambient levels of PM - Sexeral PM health endpoints are included in the quantified benefits
estimation The PM-related effect categories that are included 1n this analysts are shown in Table 4-6 For all
of the PM-related endpoints. benefits arc estimated using both the RADM-RPM and S-R Matrix generated
P\ concentrations  In addition. for health endpoints. benefits are estimated under both a background
threshold assumption and an assumed threshold of 15 pg/m’

4.3.1  Premature Mortality

Both osone and particulate matter hayvc been associated with increased risk of premature mortality in
adult populations Avoided mortality 1s a very important health endpoint in this economic analy si1s duc to the
high monetan value associated with rishs to life

The benefits analyvsis uses the “statistical Iives lost”™ approach to value avoided premature mortahity
The mean v alue of avoiding one statistical death 1s esimated to be $4 8 mulhon  This represents an
intermediate value from a variets of estimates that appear 1n the economics hterature. and 1s a value that EPA
has frequently used mn RIAs for other rules  This estimate 1s the mean of a fitted Weibull distribution of the
estimates from 26 value-of-life studies 1dentificd 1n the §812 study as “apphcable to policy analysis =~ The
approach and sct of sclected studies murrors that of Viscusi (1992) (with the addition of two studies). and
uses the same criteria used by Viscusi i his review of value-of-hife studies  The $4 8 mullion estimate 1s
consistent with Viscusi's conclusion that “most of the reasonable estimates of the value of life are clustered 1n
the $3 10 $7 million range ™ Five of the 26 studies are contingent valuation (CV) studies, which directly
solicit WTP information from subjects. the rest are wage-risk studies. which base WTP estimates on
estimates of the additional compensation demanded 1n the labor market for niskier jobs  The 26 studies used
to form the distribution of the value of a statistical life are listed in Table 4-7
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4.3 Ozone and PM Health-Related Benefits

Whilc a broad range of adyerse health effects haye been associated with exposure to elevated o/one
and PM levels. only subsets of health effects are selected for inclusion in the quantified benefit analysis
Effects are excluded from the current analvsis (1) in order to prevent double counting (such as hospital
admissions for specific respiratory diseases). (2) due to uncertamnties in applying effect relationships based on
chnical studies (where human subjects are exposed to various levels of air pollution 1n a carefully controlled
and monitored laboraton situation) to the NOx SIP call affected population. or (3) due to a lack of an
established concentration-response relationship

The general format for the following sections detailing benefits for each endpoint 1s to begin with a
discussion of the method and studies used for economic valuation. then present the studies used to obtamn the
concentration-response function for estimation of avoided incidences  Following these discussions. tables of
avoided incidences and associated monetan benefits for ozone-related effects and PM-related effects arc
presented  Benefits estimates are presented for a subset of the regulatory alternatives presented 1n chapters 6.
7and 9 Air qualit changes used to gencrate the benefits estimates arc not based on the final NOx SIP call
control requirements  For additional information on air quality modeling scenarios for the benefits analysis.
sec Section 10 1 3 Numbers presented in the tables represent changes in the number of incidences and
associated monetany benefits given the illustratin e implementation of particular NOx control strategics
relatn ¢ to the 2007 baseline air quality  For endponts which are affected by both ozone and PM. ozone-
related benefits are presented first. followed by PM-related benefits

A prehminan explanatony note on the calculation of the point estimates presented n the tables below
1s warranted  Each point estimate of monetany benefits in the tables below 1s the mean of a distribution of
monetan benefits dern ed through a Monte Carlo procedure”  The estimate dernved by this method
approaches the simple product of the mean of the unit dollar distribution and the mean of the incidence
change distribution. but for a finite number of terations may be slighthy off For an illustrative example of
the procedure and for further details. see Appendix A and the technical support document for this RIA (Abt
Associates. 1998a)

For osone. three health effects are selected for inclusion mortahty associated with short-term
exposure. hospital admisstons for all respiratony discases. and acute respiratory symptoms  One other human
health-related effect. decreased worker productnity . 1s included as a welfare effect rather than a health effect
(see Section 4 3 4) The orone-related effect categories that are included in the NOx SIP call analysis are
shown i Table 4-3  Premature mortahity 1s the only ozone-related endpoint for which a range of benefits 1s
presented

* Each point estimate of aoided incidences presented in the tables below 1s the mean of a Latin Hypercube approsimation
of a distribution of a\oided incidences reflecting the uncertainty 1 the pollutant coefficient mn the C-R function  In the Latin
Hpercube method 100 percentile points (in this case. the (n-0 3)th percentile points of the distnbution. forn=1.2. .100)arc
selected 1o represent the distnbution  This reduces the computational burden associated with preserving the full distnibution
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4.2.2  Thresholds

A ey important 1ssue 1n apphed modehng of changes i ozone and PM is whether to apph the
concentration-response functions to all predicted changes 1n ambient concentrations. even small changes
occurring at levels approaching “anthropogenic background”™ Dafferent assumptions about how to model
thresholds can have a major effect on the resulting benefits estimates

The Criteria Documents. Staff Papers and the Federal Register Notices promulgating the new ozone
and PM standards conclude that there are no known threshold levels for ans of the health effects 10 be
included n the SIP call analysis (EPA. 1996¢-1996f) For example. the Federal Register Notice
promulgating the ozone standard included the following

The Administrator's consideration of an appropnate level for an 8-hour standard to protect public
health with an adequate margin of safet necessanly reflects a recognition. as emphasized by CASAC.
that1ts kely that “O, may ehecit a continuum of biological responses down to background
concentranions’ (Wolft 1995b)  Thus. 1n the absence of any discermible threshold. 1t 1s not possible o
select a level below which absolutely no effects are likels to occur  Nor does 1t seem possible. in the
Admmstrator’s judgment. to identifi a level at which 1t can be concluded with confidence that no
"adversc” effects are lihely to occur (Federal Register. Vol 62. No 138 p 38863 July 18.1997)

Stmularly. the Admumistrator did not identifs a PM threshold for the same reasons

The underly ing epidemiological functions used in most of the analvsis are 1n fact continuous down to
zero levels However. n order to remain consistent with the available scientific information. the analvsis does
not model effects below certain levels  The approach used 1n the benefits analyvsis 1s 1dentical to the approach
used in the ozone and PM NAAQS RIA. indin1dual concentration-response functions will not be applied to
ambient concentrations occurring below the lowest observed levels reported by the authors of the underl ing
epidemiological studies  Where no lowest observed level was reported. the functions will be apphed down to
the “anthropogenic background™ level Theoreucally. C-R functions should be reestimated when a threshold
1s assumed 1o nsure consistency with the obsen ed correlation between mortality incidences and the pollutant
If no threshold 1s assumed n the eprdemiological studs . then the slope of the C-R function will be flatter than
for a function with a threshold  This reflects the fact that all of the observed changes in mortality would have
to be associated with changes aboy e the threshold. rather than being associated with changes along the full
spectrum of pollutant concentrations  Unadjusted C-R functions are used 1n this benefits anal sis due to a
lack of availability of the underlying data used to estimate the C-R functions  Thesc data are necessany to
devclop threshold adjusted C-R functions  Use of an unadjusted C-R function will result 1n an underestimate
of total avoided incidences

Because the 1ssue of possible thresholds can have a major effect on the benefits estimation, estimates
for individual benefit endpoints will be generated using alternative assumptions of thresholds for PM
Following advice from EPA’s Science Advisors Board, both high and low threshold assumptions will be used
to generate benefits estimates  The low threshold assumption will assume a threshold equal to anthropogenic
background concentrations and the high threshold assumption will assume a threshold equal to the PM
standard of 15 pug/m’
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Pollutant

damage

Endpoint Pollutant Concentration-Response Function Averaging Time Population’ Cocflicient”
Functional
Source Form Studiced Applied
Welfare Endpoints
Decreased worker Osone Crocher & Torst, | pereent change I-dav average T-diy averape laborers n/a
productivity TORT and I'PAL
1994
IHouschold sothing and PM,, FSIFERCO. 199 lincat annual mean annual mean all houscholds

2 52 (dollars per
i/ m* PM10 per
houschold)

* the population examimed in the study and to which thic anabvas applies the reported coneentration-response relationship - In penceral. eprdemiological sudies anatyzed the concentration-response relationshap

for a specific age group (¢ g . ages 65 1) m a speafic peopraphical area

s anals s applies the reported pollutant coefticient to all mdividuals m the age sroup nattonwide

" A single pollutant coeflicient reported for several studies mdicates a pooled analvas sec tent for discussion ol poolimg concentration-response relatronships across studies
<Al -day averages are 24-hour averages, 2-day averapes are d¥-hour averages ofe
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Pollutant

Endpoint Pollutant Concentration-Response Function Averaging Time Population® Cocfficient”
Functional
Source Form Studied Applied

Hospital Admissions

All respiratory sllnesses M,/ PM,, Inston et al Imear F-dany average I-dav average all 345X 108
199

Congestive heart fadure PM,, Schwarts & log-lincar 2-dav averape I-dav averape age 65+ 0 00098

Morris 1995
Ischemice heart discase PM,, Schwarty & log-Tmear I-dav average I -day average age 65+ 0 00056
Maorttis, 1995

All resprratory allnesses Orone Thurston et al | lincar daity F-hour max | darly T-hour mas all 000137
1992

Respiratory Symptoms/Ilinesses not requiring hospitalization

Development of chrome PM,, Schwarts, 1993 annual mean annual mean all 0012

bronchitis

Acute bronchitis PM, /PM,, Dockery et al | logistic annual mean annual mean” ages 10-12 00298
1989

Upper respiratory PM,, Pape etal | 1991 log-hncus I-dav averape 1-dav averape asthmatics. ages 00036

symptoms (URS) 9-11

L.ower respiratory PM,, Schwarts et al | logistic 1-dav average 1-dav averape ages 8-12 001823

symptoms (1.RS) 1994

Any of 19 acute respiratory Ovone Krupnick et al | logistic datly T-hour max | darhy [-hour max ages 18-65 000014

symptoms 1990

MRAD PM, Ostro and log-linca 2-week averape I-dav average ages 18-05 000741

Rothschild. 1989
Work loss days (WLDs) PM, Ostro, 1987 log-linea 2-week average 1-dav averape ages 18-05 0 0046
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PM and Ozone Health and Welfare Concentration-Response Function Summary Data

Table 4-4

1997
(Philadelphia)

log-lmear

Pollutant
Endpoint Pollutant Concentration-Response Function Averaging Time Population' Cocfficient"
Functional
Source Form Studied Applied
Mortality
Mortality (long-term PM, Pope etal [ 199 log-lncar annual median annual median® ages 30+ 0 0006.10%
cxposure) -PM, ¢
Mortahty (short-term PM, . Schwarts et al | 2-day average [-day average all 0 000782
exposure) -PM, 1996a (6 aities) log-hncar
Mortality (short-term O/one Kinnev, at al . log-hncar dathv T-hour mas | daty T-hour max 0 000000
Cxposure) 1995 (1os all
Angeles)
Tto and Thurston, log-hnear I-dav average I-day average all 0 000677
1996 (Chicago)
Moolgavkar, ct log-hnear I-day sverage I-day average all 0000611
al . 1995
(Philadelphia)
Sametetal I-day average [-dav average all 0 000936
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4.2.1 Baseline Incidences

The epidemiological studies of the association between pollution levels and adverse health effects
generally provide a direct estimate of the relationship of air quality changes to the relative risk of a health
effect. rather than an estimate of the absolute number of avoided cases For example. a tyvpical result might
be that a 10 ug'm’ decrease in dails PM. . levels might decrease hospital admissions by three percent The
baseline incidence of the health effect 1s necessary to convert this relatin ¢ change into a number of cases

United States county -level basehine mortahity rates for 1990 were obtained from the National Center
for Health Statistics (US Department of Health and Human Services. 1994) Because most PM and ozone
studies that estimate C-R functions for mortality considered only non-accidental mortality. counts -specific
baseline mortahty rates used in the estimation of PM- and ozone-related mortahits were adjusted to provide a
better estimate of county -specific non-accidental mortality  Each county -specific mortality rate was
multiphied by the ratio of national non-accidental mortality to national total mortahity (0 93)

Although total mortahity incidences (over all ages) are available for counties. age-specific mortalits
incidences is not generalh available at the county level  Therefore. county -specific baseline mortality
incidences among indiniduals aged 30 and over (necessany for PM. (-related long-term exposure mortahty.
estimated by Pope et al . 1993) are estimated by applyving national age-specific death rates to county -specific
age distributions. and adjusting the resulting estimated age-spectfic incidences so that the estimated total
incidences (ncluding all ages) equals the actual county -specific total incidences
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Endpoint Pollutant | Mean WTP per incident (§1990)

Endpoints Presented as Sensitivity Analyses

Mortahty. Short-term Exp -- Only sigmificant studies Ozone $4.800,000
Mortahty. Short-term Exp - Over age 63 PM.. $4.800.000
Post-Neonatal Mortality PM,, quantified but not monetized
Commercial Crops -- AGSIM model NO~ $105kg

* Measured mn terms of deenview change

4.2 Issues in Estimating Changes in Health Effects

This benefits anals s1s relies on concentration-response (C-R) functions estimated 1n published
epidemological studics relating adverse health and welfare effects to ambient air quality - The specific C-R
functions used are included in Table 4-4

When a singlc published study 1s selected as the basis of the C-R relationship between a pollutant
and a ginen health endpoint. applying the C-R function 1s straightforward  Thus 1s the casc for most of the
endpoints sclected for inclusion in the benefits analysis A single C-R function may be chosen over other
potential functions because the underls ing epidemiological study used superior methods. data or techniques.
or because the C-R function 1s more gencralized and comprehensne  For example. the study that estimated
the effects of PM on hospital admissions for all ages and all respiratony discases 1s selected over studics
limited to the over 63 vear old population or specific categories of respiratory discases

The exceptions to the ~single study ~ selection 1n the benefits analy sis are mortality associated with
exposure 1o ozonc and chronic bronchitis associated with exposure to PM. which have muluple studies
sclected for use  Mortality associated with short-term exposure to PM, ;. presented as a sensitivity anahy sis.
1s based on six C-R functions estimated 1n a single studs - When several estimated C-R relationships
between a pollutant and a given health endpoint have been sclected. they are combined or pooled te derne a
single estimate of the relationship  The details of the procedures used to combine multiple C-R functions are
presented 1n a scparate technical support document (Abt Associates. 1998a)

Whether the concentration-response relationship between a pollutant and a given health endpoint 1s
cstimated by a single function from a single study or by a pooled function of concentration-responsc functions
from sexeral studies. that same concentration-response relationship is applied everswhere n the benefits
anahsis  Although the concentration-response relationship may in fact van somewhat from one location 1o
another (for example. duc to differences 1n population susceptibilities or differences in the composition of
PM). location-specific concentration-response functions are generally not available While a single function
applicd evenvwhere may result in overestimates of incidence changes in some locations and underestimates of
mcidence changes m other locations, these location-specific biases will to some extent cancel cach other out
when the total mcidence change 1s calculated 1t 1s not possible to know the extent or direction of the bias in
the total incidence change based on application of a single C-R function everywhere

The remainder of this section discusses two key 1ssues v olving the use of C-R functions to estimate

the benefits of the NOx SIP call baseline incidences and health effect thresholds. 1 €. levels of pollution
below which changes n air quality have no impacts on health
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alternatn ¢ agricultural models. and an analy s1s of the effect of using only ozone mortahity studies with a
significant osone cocfficicnt to generate avoided ozone mortality incidences

Table 4-3 hists the specific health and welfare effects that are included 1n the benefits analysis.
mdicating the specific effect categories that are included in the plausible range of benefits. as well as effects
that are presented (or explored mn greater detail) as quantified sensitivity analyses  Also included in Table 4-
3 are the estimates of mean Willingness to Pay (WTP). or “umit values™ used to monetize the benefits for each

endpomt

Table 4-3

Quantified and Monetized Health and Welfare Effects

Endpoint Pollutant | Mean WTP per incident ($1990)

Health Effects in the Benefits Analysis
Mortehty . Long-term Fxposure - Over age 30 PM.. $4.800.000
Mortality Short-term Exposure Ozone $4.800.000
Chronie Bronchius - All Ages PM $260 000
Hospital Admissions - All Respiratory. All Ages P%mz;\? < $§;;i;(()}§$];\
Hosprtal Admissions - Congestive heart failure PM,, $8.280
Hosprial Admissions - Ischermie heart disease PM. $10.308
Am of 19 Acute Respiratony Svmptoms -Adult Ozone $18
Acute Bronchits - Children PM,./PM. $45
Lower Resprratory Svmptoms - Children PM,. $12
Upper Respiratort Symptoms - Children PM,, $19
Work Lo~s Davs - Adult PM.,. $83
Minor Restricted Activin Davs (MRAD) - Adult PM.. $38
W elfare Effects in the Benefits Analysis
Agriculture - Seleet Commodity Crops Ozone Direct Valuation
Houschold Soiling PM, 52 55@;’;’3}}:}0}%“5 m
Nitrogen Deposition 1n Estuanine and Coastal Waters NOx $105/kg of mtrogen
Decreased Worker Productiviy Ozone $1/morker/10% change 1n Ozone
Visibilitv - Residential Extl;rllgc}tllton’ $14/household/decrview
Visibihny - Select Class ] areas Light $4/household/decivien

) Extinction®
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A vens important component in cstimating PM-related health and welfare benefits 1s the
characterization of air quality changes Sevcral models developed in recent vears are capable of estimating
PN concentrations. but have not been nigorously tested for esimating ambient concentrations of PM. .
because there 1s currently sparse montoring of the data necessary to benchmark model performance  As
indicated in Chapter 3. two air qualits models. RADM-RPM and the Source-Receptor (S-R) Matrix, are used
in this analys1s to predict changes m ambient PM levels given changes in NOx and SO, emissions  The
defiming charactenistics of each of these models are laid out in Chapter 3 1t 1s not clear which of these models
will better predict the Eastern U S atmosphere m the 2007 policy vear In order to reflect this uncertainty.
the plausible range for individual PM-related health and welfare endpomts will incorporate estimates of
avoided incidences and monetan benefits generated under each modeling framework

Because of the nonhinear chemustry used by RADM-RPM to predict changes in PM. .. estimates of
avoided incidences and associated monetans benefits may not follow a predictable pattern across regulaton
alternatnes  Previous experience with PM air quality models would suggest that benefits will increase as
controls become more stringent. however. these models lacked or used incomplete characterizations of the
role of NOx emussions in the production of oxidant fields that convert SO2 to acid sulfates. leading to a
simplified characterization of the interactions between acid sulfates. mitrates. and ammonium  The role of
NOx ermissions 1n photochemistry can introduce non-linearities which. given the right set of atmospheric
conditions. can result n situations where decreases in NOx can lead to increases in PM 1n some regions'
This can lcad to smaller benefits for a more stringent regulatons alternative relative to a less stringent
regulaton alternativc (Denms. 1998)  This seems to be occurring in the O 15 trading alternative. especially in
the Northwest. Upper Midwest and Upper New England regions of the OTAG domain  In addition.
implementation of specific control strategies. such as shifting of power gencration and emissions trading
under the Acid Ran Trading program can result in increases in SO, emussions 1n states outside the NOx SIP
call region Inthe 0 13 and 0 12 trading alternatn es. sigmficant shifts in power generation seem to be
occuring between SIP call states and Gulf Coast states. leading to increases in both NOx and SO, emussions
along the Gulf Coast. relatine to the analysis baseline  Increases m PM in the Northeast and northwestern
regions of the SIP call region secem to be caused by a combination of atmospheric chemistry and emissions
trading. as well as transport of pollutants. especialls in Pennsyh ania and the upper New England arca

Because the modeled distributions of PM concentrations are non-normally distnibuted. the ordering
effect 1s dependent on whether health effects are calculated using the median versus mean PM.
concentration The non-linearities in the air-chemistny change with moyvement from the lower tail to the upper
tail of the distribution of PM concentrations  Non-linearities are more pronounced at the 50th percentile of
the distribution than at the 90th percentile (Dennis. 1998) This can result 1n a greater degree of non-hnearity
in benefits results that are dependent on the median versus the mean  Implications of this for the SIP call
benefits analy sis arc that relativ e to other endpornts. estimates of PM-related long-term mortalities. which are
based on median PM. . concentrations. are more sensitine to the non-linear chemustrny effects between
alternatives

Throughout this benefits analvsis. sensitivity analyses for assumptions affecting only a single
endpoint and with no expected directional effect will be presented directly following the plausible range
Thesc sensitivity analvses include short-term PM-related mortality. PM-related neo-natal mortahty.

' See Chapter 3 Sections 3 3 and 3 4 for a more detailed discussion of the air quality models  See Appendix E
for a more thorough discussion of the affect of non-hinear chemistny on particle formation
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Table $-2

Unquantified Benefit Categories*

Unquantified Benefit Categories Associated
with Ozone and Nitrogen Oxides

Unquantified Benefit Categories
Associated with PM

Damage to urban ornamentals (e g .grass
tflowers. shrubs. and trees in urban
arcas)

Fruit and vegetable crops

Health AIMvay responsii eness Changes i pulmonary function
Categories Pulmonan intlammation Morphological changes
Increased susceptibihiny to respiraton Altered host defense mechanisms
infection Cancer
Acute inflammation and respiratony cell Other chronic respiratory disease
damage
Chronic respiratory damage/Premature aging of
lungs
Ultraviolet-B radiation (disbenetit)
Welfare Licosystem and \egetation effects in Class [ Materials damage (other than consumer
Categories areas (¢ g . national parks) " clearung cost savings )

Damage to ecosystems {e g . acid sulfate
deposition)

Nitrates in drinking water

Brown Clouds

Reduced vields of tree seedlings. commercial
and non-commercial forests

Damage to ecosystems

Materials damage (other than consumer
cleaning cost savings)

Nrtrates 1n drinking water

Brown Clouds

* N\ote that there are other potlutant« that are reduced n conjunction with strategies imptemented to reduce NON emussions for the SIP call  These
include carbon (2 pollutant assoaiated with global climate change’ and mercury (4 toxic pollutant)  These ermission reductions are also not considered
n this benefits analvas

There are many subjecti ¢ judgements that must be made 1n order to select the set of relationships
and 1 alues for the benefits analvsis  The specific selections used to develop the plausible range are designed
to reflect the EPA s best current judgement on each 1ssuc. considering the state of current scientific
knowledge. previous Ageney analyvses. and the most recent advice provided by EPA’s Science Advison
Board on performing benefits analy sis for criteria air pollution control programs  There are. however.
defensible alternatives to virtually even decision about the makeup of the plausible range In order better to
inform the reader of important alternatin e assumptions that could have been made. and to provide an
understanding of the impact of cach alternati ¢ on the overall asscssment of the monetary benefits. the
benefits analysts includes a number of quantitative sensitivity analvses Individual sensitivity analyses
examine the effects of using alternatiy e assumptions about individual choices incorporated in the benefits
analysis. such as the impact of using short-term (dailv) mortality functions instead of a long-term (chronic
exposure) function

Sensitivity analvses are also used to explore the impacts of including other endpoints. such as PM-
related infant mortality. that are not as well understood as the effects included in the benefits analysis
Sensitinity analy ses will also be used to explore the effects of alternative valuation approaches. such as the
usc of alternative agncultural market simulation models
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It 1s also difficult to Wdentify all the tvpes of benefits that might result from enyironmental regulation
and to value those benefits that are identified A cost analvsis is expected to provide a more comprehensie
estimate of the cost of an environmental regulation because technical information 1s available for identifs ing
the technologies that would be necessany to achieve the desired pollution reduction  In addition. market or
economic information 1s available for the many components of a cost analysis (e g . energy prices. pollution
control equipment. etc ) A simular situation typically does not exist for estimating the benefits of
environmental regulation  This problem 1s due to the non-market nature of many benefits categonies Since
many pollution effects (¢ g . adverse health or ecological effects) traditionally have not been traded as market
commodities. economists and analy sts cannot look to changes i market prices and quantities to estimate the
value of these effects  Thus lack of observable markets may lead to the omission of significant benefits
categories from an emvironmental benefits analvsis. Likewise, difficulties in measuring disbenefits may lead
to a positin ¢ bias i net benefits  The net result of underestimating benefits and disbenefits will depend on
how completely cach categon 1s measured

Because of the inabihity to quantify many of the benefits categories listed 1in Table 4-1. as well as the
omisston of unknown but reley ant environmental benefits categories. the quantified benefits presented in this
report may underestimate total benefits It 1s not possible to quantify the magmtude of this underestimation
The more important of these omutted effect categories are shown i Table 4-2 Underestimation of total
benefits may be mitigated to some extent if there are also relevant disbenefit categories that are omitted or
unquantified

Within cach effect categon . there may be several possibie estimates of health and welfare effects or
monctan benefit values  Each of these possibilities represents a health or welfare “endpoint = The basic
structure of the method used to conduct the benefits analysis 1s to create a set of benefit estimates reflecting
different key assumptions concerning environmental conditions and the responsn eness of human health and
the environment to changes in air quality - Total benefits are presented as a plausible range representing the
sensitn ity of benefits over the set of maintained assumptions  The upper and lower ends of the plausible
range of total benefits are constructed using estimates of non-overlapping endpoints for each effect categor.
selected to avoid double counting  Double counting occurs when two endpotnts contain v alues for the same
thing For example. an endpoint measuring ayvoided incidences of all hospital admissions would incorporate
avoided mcidences of hospital admissions just for heart discasec  Thus including values for avoiding both
tvpes of hospital admissions would double count the value of avotded hospital admissions for heart disease
The upper and lower ends of the plausible range do not necessarily represent the sum of the highest values for
cach endpoint Instead. they represent the poimts associated with the combinations of assumptions that are
expected to generate the lowest and highest benefit estimates for the majonity of regulatory alternatnnes The
plausible range docs not provide mformation on the likelihood of any set of assumptions being the correct
onc Thus. while the plausible range indicates the sensitivity of benefits to the various assumptions. 1t
requires a subjective determination of which assumption set most closely represents reality
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Table 4-1
Examples of Potential Benefits of Air Quality Improvements

USE BENEFITS EXAMPLES
Human Health Improvements (¢ g . less incidences of coughing)
Direct .
Increased Crop Yields
Indirect Non-Consumptive Use (e g . improved visibilitnv for recreational activities)

Risk Premium for Uncertamn Future Demand

Risk Premium for Uncertain Future Supph (e g . trealing as msurance. the protection
of a forest just 1n case a new use for a forest product will be discovered 1n the
future)

Opuon Value

Acsthetic Residing. working. traveling. and/or owning property in reduced smog locations

NON-USE BENEFITS

Intergenerational Lquits (e g . an older gencration wanting a vounger generation 1o

Bequest .
vaue mherit a protected environment;

Stew ardship Presen ation Altrusstic Values (e g . individuals wanting 1o protect a
I \istence forest even 1f they know that they will never use the forest)
:cological Benefits

Non-usc values may be related to the desire that a clcan environment be av ailable for the use of
others now and n the future. or may be related to the desire to know that the resource 1s being presen ed for
its own sahe. regardless of human use  The component of non-usc value that 1s related to the use of the
resource by others 1n the future 1s referred to as the bequest value  This value 1s typically thought of as
altruistic in naturc  For example. the value that an individual places on reducing the general population’s rish
of PM and ‘or ozonc exposure either now or 1n the future 1s referred to as the bequest value  Another potential
component of non-use v alue 15 the value that 1s related to presers ation of the resource for 1ts own sake. even 1f
there 1s no human usce of the resource  This component of non-use value 15 sometimes referred to as existence
value Ancxample of an existence value 1s the value placed on protecting the habitats of endangered species
from the effects of air pollution. even if the species have no direct use to humans

The majonty of health and welfare benefits categories included i this analysis can be classified as
direct use benefits  These benefits are discussed in greater detail than other benefits categories presented in
Table 4-1 because more scientific and ccononuc information has been gathered for the direct use benefits
categonn Detailed scientific and economic information is not as readily avatlable for the remainder of the
potential benefits categories hsted in Table 4-1 Information pertaining to indirect use. option value.
aesthetic. bequest. and existence benefits 1s often more difficult to collect For example. lowering ambient
ozone concentrations 1n an area 1s expected to reduce physical damage to ornamental plants 1n the area
Homecowners I ing 1n the affected area with omamental plants in their vards are expected to benefit from the
reduced damage to therr plants. with the plants possibly exhibiting an improved appearance or experiencing
an extended hfe  Although scientific information can help 1dentifs the benefits category of decreased damage
to urban omamentals. lack of more detailed scientific and economic information (e g . exposure-response
relationships for urban ornamentals and values associated with specific types of injuries and mitigation)
currently prevents quantification of this benefits categon
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A ~damage funcuion” approach 1s used to estimate the adyerse physical effects from air poliution that
will be avoided 1n the castern United States due to implementation of the emission reductions required by the
NOn SIP call (the exception to this 1s the estimation of nitrogen deposition benefits. which uses an avoided
cost approach) An “cconomic unit value™ approach 1s used (for most cffect categories. ¢ g . premature
mortahty or chronic bronchitis) to estimate society 's aggregate demand (1 e . willingness to pay ) for avoiding
each ty pe of physical effect on a per incidence level  Total value for a given physical effect 1s simply the
product of the number of incidences avoided and the value per incidence avorded All dollar estimates of
monetan benefits presented in this chapter are in 1990 dollars

The valuation of avoided incidences of healith effects and av oided degradation of welfare effects
relies on benefits transfer  The benefits transfer approach takes values or value functions gencrated by
previous rescarch and transfers them from the study to the policy of interest  For example. the value of
reduced mortality 1s obtamned from a distribution of values of statistical life based on 26 wage-risk and
contingent valuation studies  None of the values for the health and welfare categories valued mn this benefit
anal\ s1s were generated specifically in the context of the NOx SIP call

The first step 1n a benefits analy sis using this approach 1s the 1dentification of the types or categories
of benefits associated with the anticipated changes 1n ambient air quality conditions  The second step is the
identification of reley ant studies examunimg the relationships between air quality and these benefit categorics
and stud:es estimating the value of avoiding damages  Table 4-1 provides an example of the types of bencfits
potentially obsen ed as a result of changes 1n air quality - The types of benefits 1dentified in both the health
and welfare categories can generalls be classified as use benefits or non-usc benefits

Use benefits are the values associated with an indinvidual 's desire to avoid exposure to an
emvironmental nisk - Use benefits include both direct and indirect uses of affected ambient air. and embrace
both consumptiv ¢ and non-consumptn e activities  In most applications to air pollution scenarios. the most
prominent usc benefits are those related to human health nisk reductions. effects on crops and plant hife.
visibihity. and materials damage

Non-use (intrinsic} benefits are values an individual may have for lowering air pollution
concentrations or the level of risk unrelated to his or her own exposure  Individuals apart from any past.
present. or anticipated future use of the resource in question can yalue improved enyvironmental quahty Such
non-use valucs may comprise a significant portion of the total monetary benefits However. the dollar
amount to assign to these non-use v alues often 1s a matter of considerable debate While human uscs of a
resource can be obsered directly and valued with a range of technical economic techniques. non-use \ alucs
must be ascertained through indirect methods. such as asking sunvey respondents to reveal their values
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Figure 4-1 Example Methodology of a Benefits Analysis

Specify SIP call Policy

Evaluate Changes n Production Processes
and/or Treatment

Estimatc Reductions in Pollutant

Emissions

Model Reductions in Ambient Ozone and

PM Air Quality
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Yields. and Other Welfare Effects

Estimate Changes in Suppls and Value of
Crops. Vegetables. and Other Welfare
Effects

N

Estimate Changes in Adyverse Human
Health Symptoms and Risk

Estimate Value of Averted Adverse
Human Health Symptoms and Risk
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environmental quality improvements). howeyer. other methods of measuring benefits must be used In
contrast to marhet goods. non-market goods such as environmental quality 1mproyements are public goods.
whose benefits arc shared by many people  The total value of such a good 1s the sum of the dellar amounts
that all thosc who benefit are willing to pay

In addition to benefits. regulatons actions mav also lead to potential disbenefits, 1 ¢ outcomes that
have a negati ¢ impact on social welfare In general these disbenefits will be incidental to the stated goals of
the regulation. otherwise (in an efficient regulatony environment) the regulation would not have been
promulgated In order to fulls quantify the benefits and costs of a regulatory action. both the benefits and
disbenefits should be calculated. so that net benefits (equal to benefits minus disbenefits minus costs) will not
be biased upwards In many cases. however. disbenefits are difficult to quantify . as 1t 1s often unclear where
and how disbenefits will occur  Benefits may also be difficult to quantify. since many benefits are not
measurable using market based measures

This conceptual economic foundation raises several relevant 1ssues and potential imitations for the
benefits analvsis of the regulation  First. the standard economic approach to esimating environmental
benefits 1s anthropocentric -- all benefits values anse from how environmental changes are percen ed and
valued by people in present-day values Thus. all near-term as well as temporally distant futurc physical
outcomes associated with reduced pollutant loadings need to be predicted and then translated into the
framework of present-day human activities and concerns  Second. as noted below. it 1s not possible to
quantify or to valuc all of the benefits resulting from environmental quality improy ements

Conducting a benefits analyvsis for anticipated changes n air emissions 1s a challenging exercise
Assessing the benefits of a regulatony action requires a chain of events to be specified and understood As
shown m Figure 4-1. illustrating the causality for air quahty related benefits. the estimation of benefits
requircs information about (1) nstitutional relationships and policy -making. (2) the techmcal feasibility of
pollution abatement. (3) the phy sical-chemical properties of air pollutants and their consequent linkages to
biological or ecological responses in the environment. and (4) human responses and v alues associated with
these changes

The first two steps of Figure 4-1 reflect the institutional and technical aspects of implementing the
NO~ SIP call regulation (the improy ed process changes or pollutant abatement) The estimated changes n
ambient PN or ozone concentrations are directhy linked to the estimated changes in precursor pollutant
enussion reductions through the use of air qualitn modeling. as described tn Chapter 10
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Chapter 4. BENEFITS OF REGIONAL NOx REDUCTIONS

The changes in ozone and PM ambient concentrations described in Chapter 3 will result in changes i
the physical damages associated with eley ated ambient concentrations of these pollutants  The damages
include changes in both human health and welfare effects categories

This chapter presents the methods used to estimate the physical and monetary benefits of the
modeled NOx and SO- emissions changes from implementing the revised SIPs. the estimates of the avoirded
physical damages (e g . incidence reductions). and the results of the benefits analysis for a range of regulaton
alternativ es considered for the SIP call EPA decided to analvze the benefits of the most significant
alternatives that 1t considered for determining state NOx budgets for the electric power industry and other
stationany sources The five alternatines are described 1n Table 2-3 1n Chapter 2 of Volume 2 of the RIA In
order to consen ¢ analvtical resources. the benefits of Regionalits 2 are not analvzed Regionalits 2 achieves
enussion reductions and air quality improy ements that are similar. though not 1dentical. to Regionahty 1 and
0 15 Trading It 1s likelv that total benefits for Regionalits 2 would fall somewhere in between the benefits
estimates for Regionalinn 1 and 0 135 Trading

The remainder of this chapter 1s laid out as follows  Section 4 1 provides an oveniew of the
benefits methodology  Section 4 2 discusses issues 1n estimating health effects  Sections 4 3 discusses
methods and provides estimated values for avoided incidences and monetans benefits for ozone and PM
related health effects  Section 4 4 discusses methods and proyides estimated values for ozone and PM related
welfare cffects  Section 4 5 provides estimates of total health and welfare benefits associated with alternatine
NOnx emussion lmat policies Finally. Section 4 6 discusses potential benefit categories that are not quantified
duc to data and/or methodological hmitations. and provides a list of analvtical uncertamties. limitations. and
biases

4.1 Overview of Benefits Estimation

Most of the specific methods and information used 1n this benefit analy sis are similar to those used in
the §812 Retrospective of the Benefits and Costs of the Clean Air Act and forthcoming §812 Prospective
EPA Reports to Congress. which were reviewed by EPA’s Science Advisors Board (EPA. 1997¢).as well as
the approach used by EPA in support of revising the ozone and PM NAAQS 1n 1997 (EPA. 1997a and
1997b)

Prior to describing the details of the approach for the benefits analvsis. 1t 1s useful to provide an
overview of the approach The overview 1s intended to help the reader better 1dentify the role of each 1ssue
described later 1n this chapter

The general term “benefits™ refers to any and all outcomes of the regulation that are considered
positive. that 1s, that contribute to an enhanced level of social welfare. The economist’s meaning of
“benefits™ refers to the dollar value associated with all the expected positive impacts of the regulation; that 1s.
all regulatory outcomes that lead to higher social welfare. If the benefits are associated with market goods
and services. the monetany value of the benefits is approximated by the sum of the predicted changes in
“consumer (and producer) surplus.” These “surplus™” measures are standard and widelv accepted measures in
the field of applied welfarc economics. and reflect the degree of well being enjoyed by people given different
levels of goods and prices If the benefits are non-market benefits (such as the risk reductions associated with
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Tablc 3-6 presents changes in the population-weighted visibility degradation estimates from the
RPM i terms of annual mean extinction  As shown. the change 1s much less than 19 for each alternative
except 0 12 trading

Tabie 3-6
2007 Population-Weighted Sum of Annual Mean Extinction:
RPM Results

Percent Change from Base Case

0.25 0.20 Regionality 0.158 0.12
Trading Trading 1 Trading Trading
-0 3 -0 4 -04 -0 3 -13

The air quality techmcal support document for this RIA (Abt Associates. 1998) contains maps
showing the base casc visibility degradation and visibility degradation changes generated using both RPM
and the S-R Matrin for each of five regulatony alternatives (0 25 Trading. 0 20 Trading. Regionality 1. 0 15
Trading. and 0 12 Trading) Maps showing vistbility degradation changes for selected Class I areas can also
be found in Pechan. 1998
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Table 3-8
Summary of 2007 Visibility Degradation Estimates

(deciviews)
Change Relative To 2007 Base Case *
I . 07
Visibilits Degradation 20Casleh:se 0.25 0.20 0.15 0.12
Trading Trading Reg. 1 Trading Trading

Southeast *

RPM Anual Average | ) g 007 008 007 011 022
Residenual -
RPM Annual Average | 57 012 016 016 015 024
Recreational ©

SR Mt Annual 2013 -0 08 -0 08 00 010 012
Average--Residential

~-R Main Annual 2306 07 007 -0 06 -0 0% -009
Average--Recercational *

Central & Northeuast *

RPN Annual Average-- - 12 o2 04 003 003 009
Residential

RPM Annual Average- 1587 001 003 003 -006 010
Recreational

S-R M atry Annual IR~ 002 LUl 000 002 005
Average--Residentidl

SR Matn Amnual 19 39 002 002 002 002 -0 01
Average--Recreational ©

* The RPM onhy accounts for vistbilny degradation due to sulfates and mitrates but not other vanables such as coarse PM and orgamce matter Thie
leads RPN 10wy restonale total residential and recreational visibihity degradanion However the absolute change from the bace case to the control
opliens i~ essentially correct since the change in sulfates and mitrates domunates the change n other vanables affecting vistbility - The S-R Matriy
Fedreal Gra esimates are correct since they nclude all vistbihity variables but the S-R Matris resident:al esimates only account for sulfates, mitrates.
and coarse PAL and thus underestimate total residential visbiliny - A< wath RPM the S-R matriy correctly estimates the change myiabihiny from the
base case 1o the control options The effect of underestimating vicibility on the dollar value of visibihty change 1< discussed m Chapter 11

* The change is defined a< the control case decnview level minus the base case decnview level
¢ The four Southeastern national parks are Shenandoah. Mammoth Cave Great Smohy Mountams. and the Everlglades
¢ The three Central and Northeastern national parks are Vovageurs Isle Rovale and Acadia

* The Southeast region includes the followmng 12 states plus Washington D C AL. DE. FL.GA KY. MD. MS.NC. SC. TN VA WY The
remaining states in the 37 state OTAG region comprise the Central and Northeast regions
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where
0 = constant to convert Mm'™* to km™

A change of onc deciview represents a change of approsimately ten percent in b, “which 1s a small but
perceptible scenic change under many circumstances™ (Sisler. 1996. p 1-7)

Visibihity degradation estumates 1n “recreational” (e g . federally designated Class ] areas such as
national parks and recreation areas) and “residenuial” (non-Class 1 arcas) areas are generated using the results
of both RPM and the S-R Matrix  RPM computes the hight extinction due to the combined scattering of light
by sulfates. mitrates. and organics which are part of the b, term of the extinction equation  RPM does not
include the soil part of 4. but it does indirectly account for the soot part through a shight modification of the
ndex of refraction for particles  RPM does not include gas absorption (by NO,) because 1t 1s quite small.
Rarleigh scattering 1s accounted for in RPM's calculation of deciview. because Ravleigh 1s taken as the
“floor” for deciview. however. Ravleigh scattering 1s not in RPM’s calculation of b,,.  Therefore. RPM
estimates underpredict total light extinction A correction for this underprediction 1s discussed in Chapter 4.
section 4 4 3

The S-R Matri results are also used to estimate county -level light extinction  The recreational
visibility calculations usc the full set of parameters n the extinction equation. due to the availability of data
from IMPROVE monitors. while the residential visibiliny calculations use county -level sulfate. nitrate and
coarse particle estimates  Using less than the full set of terms in the residential visibihity calculations leads to
an underestimate of light extinction. and as noted for RPM a correction for this underprediction 1s presented
in Chapter 4. section 4 4 3

The visibility benefits analvsis (see Chapter 4) distinguishes between general regional visibility
degradauion and visibihty degradation in certain Federalls -designated Class 1 areas (1 ¢ . national parks.
forests. recrcation arcas. wilderness areas. et¢ ) Thercfore visibility degradation estimates are separated into
“residential” and “recreational” categories depending upon the geographic arca covered by the estimate

Tablc 3-3 provides a summan of the visibilits degradation estimates dernved both from the RPM and
the S-R Matnis results 1in terms of deenviews  The valuation methodology for recreational visibility requires
separate treatment of visibility changes in Class I arcas in the Southeast region versus Class 1 areas in the
Central and Northeast regions  Table 3-3 provides visibility degradation estimates for both regions  All
predicted visibihty changes are small. with the largest residential changes occuring the the Southeast region
The S-R Matrix predictions are similar to the RPM predictions in the Southeast for each alternatn ¢ except
0 12 trading. but arc shightly smaller than the RPM predictions in the Central and Northeast regions
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Table 3-4
Summary of 2007 Nitrogen Deposition in RADM Domain

Change Relative To 2007 Base Case
2007 Base 0.25 0.20 0.185 0.12
Statistic Case Trading Trading Reg. 1 Trading Trading

Mhmmum Annual 074 000 000 -001 2001 -0 01
Deposition (kg'ha
Maximum Annual 5 295 . o
Deposition (kg'ha) 3191 262 319 7 -3 58 =366
Avcrage Annual 183 2033 047 -0 30 -055 -057
Deposition (kg ha

35 Visibility Degradation Estimates Using RPM and the S-R Matrix

Visibalitv degradation is often directls proportional to decreases n hight transmittance n the
atmosphere  Light transmittance 1s attenuated by scattering and absorption by both gases and particles The
lhight-extinction coefficient 1s a measure of the total fraction of light that 1s attenuated per unit distance (Sisler.
1996)

where

h = total light extinction cocfficient (1/Mm).

b.. = light extinction coefficient due to natural Rayleigh scatter (1/Mm).
h. = light extinction coefficient duc to scattering by particles (1/Mm).

h = light extinction coefficient due to absorption by gases (1/Mm). and
h = light extinction coefficient due to absorption by particles (1/Mm)

The hght extinction coefficient is calculated by multiplving the concentration of acrosol species and particles
specics by their corresponding light-extinction efficiency . and summing over all species

The term 4, can be broken into the various species of fine and coarse particles that scatter hight
Because fine particles are much more efficient at hght scattering than coarse particles. several fine particle
species are specified. whereas coarse particles are kept as one categors  Fine particles with sigmificant light-
extinction efficiencies include sulfates. mitrates. organic carbon. elemental carbon (soot). and soil (Sisler,
1996)

Once the hight-extinction coefficient 1s determined, the visibility index called deciview (dv) can be
calculated (Sisler. 1996)

dv =10 - In(b, -107°/0 0 km ')
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34 Nitrogen Deposition Estimates

Nitrogen deposition estimates are generated using RADM - The RADM was developed over a ten
vear period. 1984 - 1993 under the auspices of the National Acid Precipitation Assessment Program to
address policy and technical 1ssues associated with acidic deposition  The model 1s designed to provide a
scientific basis for predicting changes in deposition and air quality resulting from changes in precursor
enussions and to predict the levels of acidic deposition 1n certain sensitiv e receptor regions  To do so requires
that RADM be a multipollutant model that predicts the oxidizing capacity of the atmosphere. including the
prediction of ozone. and chemical transformations imvol ing oxides of sulfur and nitrogen

The development. application. and ey aluation of the RADM has been documented extensively by
NAPAP (Chang. et al 1987 & 1990. Dennis et al 1990) RADM has been used in several recent studies of
acidic deposition. including EPA’s 1993 Acid Deposition Standard Feasibility Study Report 1o Congress
(US EPA. 1993). EPA’s 1997 Deposition of Air Pollutants 1o the Great Waters Report to Congress (U S
EPA. 1997¢). and in work estmating the nitrogen deposition airshed of the Chesapeake Bay watershed
{Denmis. 1997)

RADM estimates deposition 1n units of kilograms per hectare (kg/ha) Wet deposition 1s esimated
m the form of SO.7. NO,. NH;. H" Dn deposition 1s estimated n the form of SO.. SO, as aerosol. O..
HNO..NO.. H.O-. The deposition estimates arc mapped to specific East Coast and Gulf Coast estuarics and
their watersheds = Land deposited mitrogen 1n each watershed 1s multiplied by a factor of 10% to obtain the
nitrogen load delivered via export (pass-through) to the corresponding estuary

Table 3-4 provides a summan of the nitrogen deposition estimates for each cell in the RADM
domain The changes range from 0 01 hg/ha to 3 66 kg'ha  The results for the 0 15 option represent an 11%
reduction n the average annual deposition across the entire domain - The air quality technical support
document for this RIA (Abt Associates. 1998) contains maps showing the nitrogen deposition changes
generated using RADM for cach of five regulatony alternatnnes (0 23 Trading. 0 20 Trading. Regionahty 1.
0 13 Trading. and 0 12 Trading) Another technical support document for this RIA (EPA. 19984d) contains
additional mformation on the reduction i nmitrogen loads to 12 study set estuaries

'“ EPA has developed a methodology to assess nitrogen deposition benefits directhy for 12 different estuaries
Albemarle’ Pamhico Sounds. Cape Cod Bay. Chesapeake Bay. Delaw are Bay, Delaware Inland Bays. Gardiners Bay.
Hudson R /Rantan Bay. Long Island Sound. Massachusetts Bay . Narragansett Bay. Sarasota Bay, and Tampa Bay
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Table 3-3
Summary of S-R Matrix Derived PM Air Quality

Change Relative To 2007 Base Case *
2007 Base 0.25 0.20 0.15 0.12
Statistic Case Trading Trading Reg. 1 Trading Trading

N al Met < ac - < < . .

fmmum Annual Mean 539 056 036 053 057 067
PM, (.gm)
Minimum Annual Mean 66 3" 020 021 026 026 016
PM (-gm"
Average Anfual Mean 2262 -0 03 -0 03 -002 -0 04 -0 06
PM, (gm)
Population-W eighted
Average Annual Mean 2596 -0 03 -004 -003 -0 04 -Gu7
PM (person-. gm’y
A / al Me: - - -

fimmum Annual Mean 349 052 -052 049 -053 6
PAL (L gmb
Manimum Annual Mean 27 63 (20 021 025 026 017
PNMLoigm)
Average Annual Mean 1074 003 003 002 004 003
PNMLoioem)
Population-Weighted
Average Annual Meuan 1262 -0 03 -004 -003 -0 04 -0 06
PM. . (person-. gm'i®

* The changs 1< defined as the control case value nunus the base vase value

® The base vase mimimum tmasimum) is the value tor the county with the lowest (highest) annual average The change relatie to the base case prchs
the mimmum tmaxtmum, from the et of changes in all counties

¢ Caleulated by summming the product of the projected 2007 counts populatien and the estimated 2007 county PM concentration and then drading o
the total populatior nthe 31 <lates modeled using the 5-R Matns

Population-weighted air quality changes were not estimated using the S-R Matrix results - The
results generated from the RPM modeling shown in Appendix B should be generally representative of the
direction and magmitude of changes that would be estimated using the S-R Matrix results

The air quahity technical support document for this RIA (Abt Associates. 1998) contains maps
showing the basc casc PM concentrations and PM concentration changes generated using the S-R Matrix for
each of five regulatons alternatives (0 25 Trading. 0.20 Trading. Regionality 1. 0 15 Trading. and 0 12
Trading) Similar maps can also be found in Pechan. 1998
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1997d) The standardization for temperature and pressure was eliminated from this concentration data based
upon proposed revisions to the reference method for PM,

Because there 1s httle PM. . monitoring data av ailable. a general linear model was developed to
predict PM. . concentrations directls from the 1993 - 1995 PM,, values (U S EPA. 1996b) A SAST™
general Iinear model (1 ¢ . GLM) procedure was used to predict PM. . values (dependent variable) as a
function of independent v ariables for season. region, and measured PM,, value These derived PM. ; data
were used to cahbrate model predictions of annual average PM, .

3.3.5 Development of Annual Median PM, . Concentrations

The CRDM procedure does not directls produce estimates of daily 24-hour average PM
concentrations or annual median PM concentrations  Some health benefits have concentration-responsc
functions that relv on estimates of either the daily 24-hour average or annual median concentrations  Using
historical data. EPA developed 24-hour average estimates corresponding to the 99th percentile v alue for PM
and the 98th percentile value for PM. ; reflecting forms of PM,, and PM. ; daily standards

Pcak-to-mean ratios (1 ¢ . ratio of the 24-hour av erge value to annual ayerage value) are established
from actual PM . monitor data for 1993 to 1995 from Tier 1 through Tier 3 monitored counties For PM,,.
the peak value 1s defined exactly the way 1t 1s for the new PM,, NAAQS. 1 ¢ . the value corresponding to the
99th percentile value of the distribution of actual daily 24-hour average PM,, values For PM. .. the peak
value 1s also defined exactly the way 1t 1s for the new PM, . NAAQS. 1 ¢ . the value corresponding to the 98th
percentile value of the distribution of estimated daily 24-hour average PM. ( values These historical peak-to-
mean ratios for each monitored county are assumed 1o hold for the 2007 model year 1n this analy sis and arc
applied to the annual average PM estimates generated by the S-R Matrix - Peak values 1 nonmonitored
countics are estimated using the regional average peak-to-mean ratios in Tier 1 monzitored counties

Starting with the annual mean and peak values developed from the S-R Matrix. maximum hkelithood
1s then used to estimate the parameters of a Gamma distribution that are most consistent with the S-R Matrix
results  The parameters of the Gamma distribution are then used to estimate the annual median concentration
and the concentration corresponding to cach decile of the distribution

3.3.6  S-R Matrix PM Air Quality Results

Table 3-3 provides a summan of the predicted ambient PM,, and PM. ; concentrations used n this
studs  Similar to the results using the RPM approach. the concentration changes are generally very small
For the 0 15 option. annual mean PM,, changes range from an increase of 0 26 ..g/m’ to a decrease of -0 57
..g/m’. with an average annual mean change across the 31 state domain of -0 04 ..g/m* Therefore, the
absolute changes in PM occur within a shightly wider band than with the RPM. and the average annual mean
change 1s shghtly lower (-0 04 .:g/m* versus -0 06 ..g/m?)

' See Appendiy J - Reference Method for PM,, , Final Rule for National Ambient Air Quahity Standards for
Particulate Matter (Federal Register. Vol 62. No 138.p 41. Julv 18. 1997)
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To address this bias. a muluplicative factor of 0 25 1s applied nationally to fugitiv e dust emissions as
a rcasonable first-order attempt to reconcile differences between modeled predictions of PM. ; and actual
ambient data  Thus 1s the same adjustment that was used in the 1997 PM NAAQS RIA A 023
multiplicatiy e adjustment results n a fugitine dust contribution to modeled ambient PM. . concentrations of
10% to 17% ° Even after this adjustment the fugitn e dust fraction of total eastern PM. ; mass 1s 10 4%.
which 1s still greater than the 5% indicated by IMPROVE monitors However, given that the 0 25
multiplicativ e factor appears to bring the modeled fugitive dust contribution to PM.  mass more within the
range of values reported from speciated monitoring data. the fugitive dust contribution to total PM that 1s
estimated by the S-R Matrix s adjusted by this factor  Since this factor still may result in an overprediction
of the fugitive dust contribution. the S-R Matrix may tend to underpredict the effectin eness of strategies that
affect NSA

3.3.4 Normalizing S-R Matrix Results to Measured Data

In an attempt to further ensure comparability between S-R Matrix results and measured annual
average PM values. the S-R results are calibrated using factors dey eloped for the PM and Ozone NAAQS
RIA(US EPA. 1997a) For the NAAQS RIA. a "normalization factor” was developed for each Tier 1 to
Tier 3 monitored county’”  Nonmonitored counties were calibrated using the appropriate regional
normalization factor calculated as the average of Tier 1 normalization factors across a given modeling region
The normalization factor was calculated as the momitored +alue divided by the modeled value

AIl' S-R Matrin predictions were normalized regardless of overprediction or underprediction relatin e
to monitored values  This factor was applied equally across all particle species contributing to the annual
average PA value at a counts -level receptor

The calibration procedure was conducted emploving 1993 - 1995 PM, | ambient monitoring data
from the AIRS databasc following the air quahity tier data completeness parameters discussed above The
PM. data represent the annual average of design valuc monitors averaged over three vears (U S EPA.

“See S EPA 1997, page 6-5 for a map dehneating modeling regions . Using 0 23 muluplicauve factor.
fugitive dust as percentage of PM. . mass for Central U'S =17 2% Eastern U S =10 4%. Western U S = 10 6% By
comparison. without using a multiplicatne factor. fugitive dust as a percentage of PM. . mass for Central U S =44 (%o,
Fasterm U S =30 9%. Westem U S =31 3%

'* The normalization procedure was conducted for counts -level modeled PM,; and PM. . esimates falling nto
one of four air quahty data ters  The tiering scheme reflects mncreasing relaxation of data completeness critenia and
therefore increasing uncertainty for the annual design value (U S EPA. 1997f) Nationwide. Tier 1 momtored counties
cover the 504 counties with at least 50% data completeness and therefore have the highest level of certainty associated
with the annual design value Tier 2 monitored counties cover 100 additional counties with at least one data pomnt (1¢ .
one 24-hour value) for each of the three vears during the period 1993 -1995  Tier 3 monitored counties cover 107
additional counties with missing montoring data for one or two of the three years 1993 - 1995 In total, Trers 1. 2 and 3
cover 711 counties currentls monitored for PM;, in the 48 contiguous states In 1997 the PM,; monitoring netw ork
consisted of approximately 1600 individual monitors with a coverage of approximatels 711 counties in the 48
contiguous states Trer 4 covers the remaining 2369 nonmonitored counties
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. Because ammonium nitrate forms only under relatively low temperatures. annual average particle
nitrate concentrations are divided by four assuming that sufficiently low temperatures are present
onlv one-quarter of the year

Finallv . the total particle mass of ammonium sulfate and ammonium mitrate ts calculated °

For application to the NOx SIP call. emissions data for only those counties located in the 37 OTAG
states plus the District of Columbia are used  Because nationwide emussions are not used. the S-R Matrix
results are incomplete for air quality predictions 1n the counties located 1n states along the western border of
the OTAG domain For example. emissions from New Mexico are expected to have a significant downwind
impact on ambient PM concentrations in neighboring counties in Texas However. New Mexico emissions
arc not estimated in this analvsis  Incomplete air quality predictions for the six western border states make
unrchable any analysis that imposes a threshold for health effects (see Chapter 11)  As shown i Figure 3-3.
EPA has chosen not to include the air quality results from the six “buffer” states in the benefits analy ses that
arc performed using the S-R Matrix results - Since the 31 remaining states are generally located more than
323 km (appronimateh 330 mules) from the states for which emissions information 1s not asv ailable. the air
quality results for the 31 states 1s believed to be more reliable

3.3.3 Fugitive Dust Adjustment Factor

As mdicated m subsection 3 4 1. the 1990 CRDM predictions for fugitive dust are not consistent
with measured ambient data  The CRDM-predicted average fugitive dust contribution to total PM. . mass 1s
31% 1n the East and 32° 1in the West (E H Pechan. 1997b)  Speciated monitoring data from the IMPROVE
nctworhk show that minerals (1 ¢ . crustal matenial) comprise approximatels 3% of PM- . mass 1n the East and
approximately 13% of PM. . mass in the West (U'S EPA. 1996a) These disparate results suggest a
svstematic overbias m the fugitiy ¢ dust contribution to total PM - This overestimate 1s further complicated by
the recogrmition that the 1990 NPI significantly overestimates fugitive dust emissions  The most recent
National Emussions Trends inventony indicates that the NP1 overestimates fugitive dust PM,, and PM. |
emissions by 40°% and 73% respectinelh® (U'S EPA. 1997¢)

" To calculate total particle mass of ammonium sulfate and ammonum nitrate. the anion concentrations of
sulfate and mitrate are muluphied by 1 375 and 1 290 respectively

® Natural and man-made fugitive dust emissions account for 86% of PM,, emussions and 59% of PA1. |
emissions m the most recent 1990 estimates m the Natonal Emission Trends Inventon
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because 1t relates closeh to 1990 emussions and meteorological data used in the CRDM - Since the
IMPROVE network monitors are primarthy concerned with evaluating visibility impairment in predominanth
rural Class I arcas. these comparisons are incomplete due to the lack of coverage in urban areas  With the
exception of the fugitnve dust component of PM. . and PM, ... modeled and measured concentrations of sulfatc.
nitrate and organics are comparable (Latimer. 1996)

The CRDM has also been benchmarked agamnst the RADM-RPM for the Eastern U S using 1990
emissions and meteorology (U S EPA. 1997b) RADM-RPM mcorporates more comprehensive physics and
chemustny to enable better characterization of secondanly -formed pollutants than Lagrangian-based methods
In general. the CRDM results show a similar trend 1n sulfate and nitrate concentrations within the same
modelmg region Also. the CRDM-predicted annual average concentrations of sulfate are within the range of
RADM-RPM base-case predictions  Relative to RADM-RPM base case results. CRDM appears to
overpredict nitrate concentrations in the Midwest and underpredict nitrate concentrations in the Mid-Atlantic
states

3.3.2 Development of the S-R Matrix

To develop the S-R Matrin. a nationwide total of 5.944 sources (1 e , industnal point. utihty. area.
nonroad. and motor ychicle) of priman and precursor emussions were modeled with CRDM  In addition.
sccondany organic acrosols formed from anthropogenic and biogeme VOC emussions were modeled Natural
sources of PM, and PM. ; (1¢ . wind erosion and wild fires) were also included Emussions of SO.. NOx. and
ammonia were modeled i order to calculate ammonium sulfate and ammonium nitrate concentrations, the
priman particulate forms of sulfate and nitrate  The CRDM produced a matnn of transfer coefficients for
cach of these pniman and particulate precursor pollutants  These coefficients can be applicd to the emissions
of any unit {area source or individual point source) to calculate a particular source’s contribution to a county
receptor's total annual avcrage PM,,, or PM- . concentration Each individual unit 1n the inventory 1s
associated with one of the modeled source types (1 ¢ . area. point sources with effectnve stack height of 0 to
230 m. 250 m to 300 m. and indiv1dual point sources with effective stack height above 500 m) for each
county

The S-R Matni transfer coefficients were adjusted to reflect concentrations of secondarily -formed
particulates (Latimer. 1996) First. the transfer coefficients for SO.. NOx. and ammonia were multiplied by
the ratios of the molecular weights of sulfate/SO.. mitrate/nitrogen droxide and ammonium/ammonta to obtain
concentrations of sulfate. nitrate and ammonium © The relatn ¢ concentrations in the atmosphere of
ammomnum sulfate and ammonium nitrate depend on complex chemical reactions  In the presence of sulfate
and nitric acid (the gas phase oxidation product of NOx). ammonia reacts preferentially with sulfate to form
particulate ammonium sulfate rather than react with nitric acid to form particulate ammonium nitrate  Under
conditions of excess ammomum and low temperatures. ammonium nitrate forms For each county receptor.
the sulfate-mtrate-ammonium equihibrium 1s estimated based on the following simphfing assumptions

. All sulfate 1s neutrahized by ammonium.
. Ammonium mitratc forms only when there 1s excess ammonium.

¢ Ratio of molecular weights  Sulfate/SO.= 1 50. mtrate/mtrogen dioxide = 1 35. ammonium/ammonia = 1 06
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Table 3-2
Summary of RPM Derived PM Air Quality

Change Relative to 2007 Base Case*

2007 Base 0.25 0.20 0.15 0.12
Statistic Case Trading Trading Reg. 1 Trading Trading
Mumimum Annual Mean 1545 049 -0 46 -045 -049 -0352
PM,  (ng'm’)
Mavimum Annual Mean 3591 G 24 024 026 029 018
PM.. (.-2m)
Average Annual Mean 2% 76 001 005 005 006 012

PAM L, (Cgmh

Population-Weighted
Average Annual Medn 2646 -0 03 -003 -0 03 -003 -013
PM _(person-. g'm*1-

Minimum Annual Mcan

S - ¢ 0 e S - _ 57
PM.. (g € 65 (149 046 045 0 49 052
Maximum Annual Mean 2263 024 024 026 029 018
PAL ctog'mh
Average Annual Mean 1496 04 005 005 006 o1

PM. . cgm)

Population-Weighted
Average Annual Mean 1433 -0 03 (105 -0 N3 -0 03 -013
PM. . (person-. gm’y®

* The change 1< defined as the control case value minus the base ca<e value Note that there 1s no difference betw een the changes n PM; . and PM,
because R ADN! RPN onlv estimates the change in nitrates and sulfates which are both in the PM_, fraction

' The base case minmmum (masimum s 1« the Value for the county with the lowest (highest) annual average  The change relative to the base case picks
the mimmum emasmum o from the <&t of changesan all counties

¢ Caleulated by cumming the produst of the projected 2007 counts population and the estimated 2007 county P\ concentration. and then dividing by
the total population

3.3.1 Chimatological Regional Dispersion Model

The CRDM uses assumptions similar to the Industrial Source Complex Short Term (ISCST3). an
EPA-rccommended short range Gaussian dispersion model CRDM incorporates terms for wet and dry
deposition and chemical conversion of SO- and NO~. and uses chimatological summaries (annual average
mixing heights and joint frequency distributions of wind speed and direction) from 100 upper arr
meteorological sites throughout North America  Meterological data for 1990 coupled with emissions data
from version 2 0 of the 1990 National Particulate Inventors were used to develop the S-R Matrix

In order to evaluate the performance of the Phase II CRDM, model-predicted PM concentrations and
measured ambient PM concentrations were compared Measured annual average PM concentrations by
chemical specics from the Interagency Monitoring for Protection of Visual Environments IMPROVE)
network were examned for the three-vear period March 1988 - February 1991 This period was chosen
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scenario - A similar procedure 1s used to estimate PM values mn the control scenarios  Additional detail on
these procedures can be found in Abt. 1998

3.2.5 RPM PM Air Quality Results

Table 3-2 provides a summan of the predicted ambient PM,, and PM. | concentrations used n this
study  Since onls the NSA fraction of total PM changes. the estimates of changes for PM, . and PM- ; are
identical The concentration changes are generally vens small  For the 0 13 option. annual mean PM changes
range from an increase of 0 29 .g/m” to a decrease of -0 49 ..g/m’. with an ayerage annual mean change
across the RPM domain of -0 06 ..g/m’

Population-weighted changes in RPM predicted annual mean PM. . and PM,, concentrations above
the level of cach ambient air quality standard are presented in Appendin B These changes are estimated for
the total exposed population and for various subpopulations. including minority groups. children. the elderh .
and the impovenished  In the SIP call states. the predicted decline in total population exposure above the
PM. ; annual standard fevel ranges from 5% to 13% There 1s no predicted change 1n total population
exposure above the PM. annual standard lev el because there 1s no predicted bascline exposure above the
standard

The air quahis technical support document for this RIA (Abt Associates. 1998) contains maps
showing the basc case PM concentrations and PM concentration changes gencrated using RPM for each of
five regulatony alternatnves (0 25 Trading. 0 20 Trading. Regionality 1.0 15 Trading. and 0 12 Trading)

3.3 PM Air Quality Estimates Using the S-R Matrix

The Source-Receptor Matrix (S-R Matrix) reflects the relationship between annual average PM
concentration v alues at a single receptor 1n each county (a hyvpothetical design value monitor sited at the
county population centroid) and the contribution by PM species to this concentration from cach emission
source (E H Pechan. 1996) The receptors that are modeled include all U S county centroids plus receptors
in 10 Canadian provinces and 29 Mexican cities/states  The methodology used in this RIA for estimating PM
air quahty concentrations using the S-R Matrin 1s similar to the method used 1n the Julv 1997 PM and Ozone
NAAQS RIA(US EPA.1997a) The S-R Matrin was developed using the Chimatalogical Regional
Dispersion Model (CRDAT). and has been calibrated usmg 1993 - 1995 PM |, and PM. . monitoring data
Thesc calibration factors. referred to as “normalization factors.” are applicd to all S-R Matrix predictions
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RPM results. 1t 1s necessan to first use the NSA concentrations to estimate total PM concentrations at each
location under the baseline and cach control scenario for the NOx SIP call®

A first step in using information supplied by RPM 1s to estimate distributional statistics for total P\,
using ambient air quality data currently being developed for the CAAA §812 analvsis  The location-specific
inputs ay atlable from RPM and the upcoming §812 analvsis are as follows

. mecan and peak PM 1n the §812 data (PM, ., s:-- PM. g, ¢12)-

. mean and peak NSA i the §812 data (NSA_,. ¢~ NSA o).

. mean. median. and peak NSA 1 the NOx SIP call baseline (NSA .. vaelmes NSAL i baermes NSAL,
'rdw“.:i»:)‘

. mean. median. and pecak NSA in each control scenario of the NOx SIP call (NSA . ... NSA_ .
cont ot NSA‘ o cor:u')

Subtracting the mean NSA from mean total PM. one obtains the “other” component of PM (which
includes such components as soil and elemental carbon)

Other, ., ,.-=PM -NSA

mean 812 mean 812

It 1s assumed that the mean of this (location-specific) “other” component 1s the same in the NO~ SIP
call baschine as 1t 1s m the §812 data

Othcrnvea: hase ne = Othcrmed' 2
Total PN 1s estimated 1n the baseline as
Pz\Imucw baseiine = O[hcrn‘ed' baserre - NS'AI‘Cd" baseiys e

To obtam an estimate of the 90th percentile level of PM 1n the baseline. 1t 1s assumed that the
proportion (p) of NSA_ . ., ., 10 PM_. ., ...1sconstant across davs at the same location
p=NSA

/ p‘.\I‘Y‘SdI raeane T\SA‘ / p‘\i

riear paselre Pase e baseun. -

where 1 denotes the ith dav - Given a constant ratio. p. the peak (90th percentile) day for baseline PM 1s the
same day as the peak day for baseline NSA This implies

PM =(1/p) * NSA .,

¢ Y baseirre base.ne

In the last step. given the mean and 90th percentile point of the distribution of daily PM
concentrations (PM_ ... 1,.eme a0d PM g, 1,n0)- @and assuming that the distribution can be fit well by a
Gamma distribution. the analy sis uses a maximum likelihood estimation to estimate the parameters of the
Gamma distribution that are most consistent with the estimated mean and peak values A distribution of
datly PM values based on NSA components predicted by RPM may then be generated for the baseline

* The RPM esumates of NSA are anhvdrous esumates  However. ambient measurements of NSA do contain
water. which can increase the total NSA mass by as much as 10% to 50% Therefore. the estimates of total NSA mass
changes derived from RPM understate total NSA mass changes
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3.2.2  Simulation Periods

To develop annual estimates with seasonal controls. an aggregation set of 30 meteorological cases 15
separated mto a warm season set and a cold season sct  Because RADM predicts chemistry on a synoptic, or
daily . ume scalc (chemical meteorology ) an aggregation technique developed during NAPAP 1s used to
calculate annual estimates of acidic deposition  The dey elopment and evaluation of the aggregation
simulation set 1s described by Brooks et al . 1995 Meteorological cases with similar 850-mb wind flow
patterns were grouped by applying cluster analysis to classify the wind flow patterns from 1982 to 1985.
resulting 1n 19 samphing groups. or strata  Meteorological cases were randomly selected from each stratum.
the number sclected was based on the number of wind flow patterns 1n that stratum relati e to.the number of
patterns 1n each of the other strata. to approximate proportionatc sampling A total of thirty cases arc used n
the current aggregation approach Each case 1s run for 5 days. using a separate initial condition for each
season specific to the scenario being run - Outputs from only the last 3 day s are used to avoid the influence of
mitial conditions  For each emussions scenario modeled. seasonal imitial conditions are dey eloped by running
for 10 davs with those emissions after starting with ambient concentrations representatin e of clean contiental
conditions Results for the 30 selected 3-day cases are weighted according to the strata sampling frequencies
to form annual averages  Application of the aggregation technique 1s described in Dennis et al. 1990 Note.
the aggregation method results 1n an annual ayverage produced by meteorology that is representatn € of many
vears of meteorology . a decade or more. rather than for a single. gnen year

While the aggregation method was developed for acidic deposition. it has been extended to daily
average particulate concentrations to calculate the annual mean. median and 90 percentiie of the distribution
The applicabilits of the aggregation method to particulate matter was studied by Eder. et al . 1996 using an
extinction coefficient (b,,,) for mid-day estimate from human obsen ations of visible range at airports (Husar
and Wilson. 1993) The thirth RADM aggregation cases were found to be veny representatiyc from an
extinction cocfficient (inferred fine particulate matter) perspectinve and sufficient to deriv e annual estimates of
fine particulate matter

3.2.3 RPM Model Outputs

RPM outputs used in this analy sis include ambient concentrations (measurcd in units of micrograms
per cubic meter. ..g/m”) of particulate SO, . NO.. and NH," The outputs produced by the simulation period
aggregation method described m section 3 3 2 include the annual mean of daily average ambient
concentrations. and cach decile of the distribution of daily a\erage ambient concentrations  However. the
health effect concentration-response functions that are used to estimate changes n health effects for each
policy scenario require estimates of total PM - Section 3 3 4 discusses the procedures used to esimate the
remaining {raction of total PM at each location

3.2.4 Development of Total PM Estimates

RPM provides the mean. the median. and the peak (90th percentile value) of daily concentrations, but
onls for the major poriion of PM that will change as a result of the NOx SIP call -- 1 ¢, the mitrate. sulfate.
and ammonium components (NSA). According to the latest assessment of PM data for the NAAQS review,
NSA comprise 48 2% of total fine particulate in the eastem U S (U S. EPA. 1996a) To proceed with the
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Figuve 3-2
RADM-RPM Modcling Domain*

*Note The dois are located 1 the center of the 8Okm gnd squares that cover the eastern U8 and southern Canada
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Table 4-28
Monetary Benefits Associated with Visibility Changes in National Parks
Outside the Southeast in the NOx SIP Call Region

Monetary Benefits (millions 1990S)
RADM-RPM
Regulatory Alternative S-R Matrix
Unadjusted Adjusted
Low High Low High Low High
(12 Tradmyg $22K 3270 187 $221 305 $06
{13 Tradmy $13 4 $159 $110 $130 §-54 $-64
Regronalitn | $71 $8 5 $58 $7 0 $-65 $-77
026 Tradmy X3 9K 68 SR U $-38 $-69
(123 Trading $13 $16 $11 $13 $-52 $-62

4.5 Total Benefits

The dollar benefits from reducing ozonc and PM levels resulting from impiementing the SIP call
NOn reductions is the sum of dollar benefits from the reductions n cidence of all non-overlapping health
and welfare endpomts assoctated with PM and ozone for a ginen set of assumptions  If two endpoints are
overlapping. then adding the benefits associated with cach will result in double counting of some benefits
Although study -specific point estimates of dollar benefits associated with specific. possibly overlapping
endpoints are presented separately. estimation of total benefits requires that the benefits from only non-
overlapping endpoints be included 1n the total - Four non-overlapping broad categories of health and welfare
endpornts will be included in the estimation of total dollar benefits for the SIP call (1) mortality. (2) hospital
adnussions. (3) respirators symptomsilinesses not requiring hospital admission. and (4} welfarc endponts
When considering only pomnt estimates. aggregation of the benefits from different endpoints 1s relativels
straightfornard  Once a sct of non-overlapping categories is deternuncd. the point estimate of the total
benefits associated with the health and welfare endpoints mn the set 1s just the sum of the endpoint-specific
pomnt estimates Il cach endpomnt-specific point estimate 1s the mean of a distribution of dollar benefits
associated with that endpomt. then the pomt estimate of total dollar benefits 1s just the sum of those means

There 1s uncertainty about the magmtude of the total monetized benefits associated with any of the
SIP call regulatory alternatives examined 1n the benefits analvsis  The benefits are uncertain because there 1s
uncertamty surrounding cach of the factors that affect these benefits the changes in ambient pollutant
concentrations that will result from the SIP call implementation. the relationship between these changes n
pollutant concentrations and cach of the associated health and welfare endpoints. and the value of each
adh crse health and welfare effect avoided by the reduction m pollutant concentrations

Much of the uncertainty derives from uncertainty about the true v alues of analy sis components, such
as the value of the ozone coefficient 1n a concentration-response function relating ozonc to a particular health
endpoint. or the true dollar value of an avoided hospital admussion for congestive heart failure  The analvsis
relies on estimates of these parameters. but the true values being estimated are unknown  This type of
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uncertainty can often be quantified  For example. the uncertainty about pollutant cocfficients s typicalis
quantificd by reported standard errors of the estimates of the coefficients in the concentration-response
functions estimated by epidemiological studies  Appendix A presents a formal quantitative anal sis of the
statistical uncertainty imparted to the benefits estimates by the vanability in the underly ing concentration-
responsc and valuation functions

Some of the uncertainty surrounding the results of a benefits analy sis. howey er. invohves basically
discrete choices and 1s less easily quantified For example. the decision of which air quahity model to use to
gencrate changes 1 ambient PM concentrations 1s a choice between two models. embodving discrete sets of
air chemistn and mathematical assumptions  Decisions and assumptions must be made at many points 1n an
analvsis in the absence of complete information  The estimate of total benefits 1s sensitiv ¢ to the decisions
and assumptions made Among the most cntical of these are the following

. Ozone mortality: There 1s some uncertamnty surrounding the existence of a relationship between
tropospheric ozone exposure and premature mortalits - The two possible assumptions are (1) that
there 1s no refationship between osone and mortahity . and (2) that there 1s a potential relationship
between ozone and mortality . which we can quantufy based on the meta-analysis of current U S
ozonc mortality studics

. Ozone agriculture effects: The existing set of exposure-response functions relating crop vields to
changes 1n ozone exposure include both osone-sensitive and ozone-msensitine cultivars  Possible
assumptions arc (1) plantings of commodits crop cultiars are primarithy composed of sensitine
vaneties. (2) plantings of commodity crop cultivars are primarily composed of non-sensitiv ¢
arieties

. PM, . concentration threshold: Health effects are measured only down to the assumed ambient
concentration threshold  Changes in air quality below the threshold will hay e no impact on estimated
benefits EPA’s Science Advison Board has recommended examining alternatn ¢ thresholds.
including background and 15 ..g'm’

. Sulfate Dominance: There are two possible mterpretations of PM-related health and welfare
benefits depending on the model used to assess air quality changes (1) results generated with
RADNI-RPA arc indicatine of a future castern U S atmosphere where acid sulfate levels are still
high enough to control atmospheric chemistny . and more specifically ammonmum nitrate particle
formation In this circumstance. reductions m NON ecmissions may result in non-linear responses n
total fine particle levels. imvolving both decereases and mncreases. and (2) results generated with the
Source-Receptor Matrin are indicatine of a future castern U S. atmosphere where acid sulfate levels
do not dominate particle formation chemistry  In this case. reductions in NOx emusstons would be
expected to result more directly 1n linear reductions mn PM

. Recreational visibility: Recreational visibihity benefits for residents of the Southeast may overlap
with “residential” visibility benefits  Two alternatiy e assumptions may be considered for in-region
residents (1) recreational visibihty benefits overlap with residential visibihty benefits. and to avoid
this overlap. the recreational visibility valuc of $4 per deciview for out-of-region residents 1s used for
in-region residents ($2 40 for non-indicator parks. and $1 60 for the indicator park). or (2)
recrcational visibility benefits are in addition to residential visibility benefits. and the in-region \ alue
of $6 3015 used ($3 25 for non-mndicator parks. and $3 25 for the indicator park)
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Benefits from visibilty improyements mav also occur in NOx SIP call states outside of the
Southcast The current hterature on the value of recreational visibilits in national parks 1s imited to
studies of values in California. the Southwest. and the Southeast. and thus excludes the Central and
Northeast (CNE) portion of the NO~x SIP call region  Three alternativ e assumptions may be
considered when valumg visibility changes in the CNE (1) recreational visibility values m the CNE
arc much less than that m the Southeast and therefore to insure benefits are not overstated. no v alue
should be associated with visibilits changes in the CNE. (2) recreational visibiliny values m the CNE
arc similar to the values for non-mndicator parks in the Southeast. and recreational and residential
benefits overlap people in and out of the CNE region value CNE recreational visibility at $2 40 per
decnview. or (3) recreational visibility values in the CNE are simular to the values for non-mdicator
parhs 1n the Southeast. and there 1s no overlap of recreational and residential benefits the in-region
CNE value 15 based on the Southeast m-region value of $3 23 per deciview. and the out-of-region
CNE value 1s based on the Southeast out-of-region value of $2 40 per deciview

Tables 4-29 through 4-33 present summaries of the endpoint specific monetan values and the
cstimate of total benefits for cach of the five regulatory alternatives  Aggregate results are presented for two
assumption scts 1) a “low™ assumption sct reflecting the assumptions that human health and the environment
havc low responsiveness to changes i ambient air quality. and 2) a “high™ assumption set reflecting the
assumptions that human health and the environment arc highly responsne to changes in ambient air quality
The ~low™ assumption set includes the following assumptions 1) there arc no PM-related health effects
occurring below a threshold of 135 pg/m’. 2) changes in PM concentrations are more accurateh represented by
the RADM-RPM air quality model. 3) there 1s no relationship between ozone and premature mortahty . 4)
agricultural commodity crops are less sensitive to ozone 3) Southeastern recreational visibility values are not
transferable to changes in recreational visibihty 1n the Northeast and Central U S . and 6) the low-end
recreational visibility valuation method 1s correct The “high™ assumption set includes the following
assumptions 1) P\-related health cffects occur down to the anthropogenic background threshold. 2) changes
i PM concentrations are more accuratehy represented by the S-R Matrin air quality model. 3) the relationship
between osone and premature mortahty 1s charactenized by the distribution of avoided incidences dern ed
from the oszone mortahity meta-anahvsis. 4) agricultural commodity crops are more sensitiv e to ozone. 3)
Southeastern recreational visibility values are transferable to the Northeastern and Central U'S . and 6) the
high-end recreational visibilin method 1s correct
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Table 4-29

Total Quantified Monetary Benefits Associated with the NOx SIP Call,
Incremental to the 2007 Base Case: 0.12 Trading Regulatory Alternatis e

Endpoint

Monetary Benefits (million 1990S)

“Low” Assumption Set

“High” Assumption Set

Ozone-related Endpoints

Short-term mortalin $0 $1.496
Hospital admisstons §5 $5
Acute respiraton svmptoms $1 $1
Worker productvity $25 $25
Commaodits crops $33 $415
Commercial forests $233 $233
PM-related Endpoints

Long-term mortalit $1.46¥ 32.672
Hospital admissions £3 $4
Chronie bronchitis $IRY $243
Acute bronchius S0 AU
Acute respiraton ssmptoms 80 SO
Work loss davs S1d $&
MRADS $53 $29
Houschold soiling $26 $il
Restdenual visibilin SIIN $G0
Recreational visthilin $32 S21
Nitrogen deposition 248 $24%
TOTAL $2,888 $5,473

“ Not all possible benefits are quanufied and monetized m this analvsis  Potential benefit categones that have not been quantfied and

monetzed are listed in Table 4-2
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Table 4-30
Total Quantified Monetary Benefits Associated with the NOx SIP Call.
Incremental to the 2007 Base Case: (.15 Trading Regulatory Alternative®

Monetary Benefits (million 1990S)
Endpoint
“Low” Assumption Set “High” Assumption Set
Ozone-related Endpoints
Short-term mortahts 80 $1.32¢
Flospital admissions $4 $4
Acute respraton symptons 51 - 51
Worker productnin $22 $22
Commodity crops $47 $3¢1
Commercial torests $213 $213
PM-related Endpoints
I ong-term moertahin $251 $1.763
Hospital admissions $1 $4
Chronie bronchiis $225 $160
Acute bronchius S S0
ACUle TesPIratorn sSLmpLomis SO &0
Work Joss davs S0 $3
MRADS $24 $1v
Houschold sotling $16 A
Residental visitnhin $2& $3IR
Reercational vistbihin $30 $9
Nitrogen deposition $23% $238
TOTAL S1,100 $4.170

“ Not all possible benefits are quantified and monetized in this analvsis - Potenual benefit categories that have not been quantified and
monetized are hsted in Table 4-2
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Table 4-31

Total Quantified Monetary Benefits Associated with the NOx SIP Call.
Incremental to the 2007 Base Case: Regionality 1 Regulatory Alternative®

Monetary Benefits (million 19908)
Endpoint
“Low” Assumption Set “High” Assumption Set
Ozone-related Endpoints
Short-terni mortahty $0 $1.19
Hospital admissions $4 S
ACULC TesPIraton s mptoms $1 $1
Worher productivin $20 $2)
Commodity crops $43 31w
Commercia! forests $188 $18S
PM-related Endpoints
[ong-term mortahits $317 $1.326
Hospital admissions ¥l $4
Chronic bronchitis $236 $122
Acute bronchiis 30 S
ACUiC TesPIraton Svmploms S0 $u
Work Toss davs $6 $4
MRADS $24 13
FHouschold soshing Sio Sy
Residential visibibm $34 827
Recreational visibilin $33 S0
Nitrogen deposition $221 $221
TOTAL S1,138 S3.457

* Not all possible benefits are quantified and monetized in this analysis - Potential benefit categones that have not been quantfied and
monetized are histed in Table 4-2
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Table 4-32
Total Quantified Monetary Benefits Associated with the NOx SIP Call.
Incremental to the 2007 Base Case: (.20 Trading Regulatory Alternative®

Monetary Benefits (million 1990S)
Endpoint
“Low ™ Assumption Set “High” Assumption Set
Ozone-related Endpoints
short-term mortahty $0 $1.108
Hospital admissions $4 $4
ACULe respi dlory svmploms $1 $1
Worker productnin $20 $20
Commodits crops $42 $312
Commercial foresis SRS $185
PM-related Endpoints
I ong-term moriadin §370 $1 499
Hospital admissions 51 $4
Chrome bronch.us S216 $135
Acute bronchitis S S0
ACULC TOSPE O Sy nspionts ASE SH
Worn foss davs 83 S4
NMRADS 24 $17
Household sorting Sto $6
Residenual visbalie $3X $31
Recreational visibinny S0 Q-
Nitrogen deposition $210 $210
TOTAL S1156 $3.543

* Not all possible benefits are quantified and monetized in this analvsts  Potential benefit categones that have not been quantified and
monetized are hsted in Table 4-2
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Table 4-33
Total Quantified Monetary Benefits Associated with the NOx SIP Call,
Incremental to the 2007 Base Case: 0.25 Trading Regulatory Alternative®

Monetary Benefits (million 1990S)
Endpoint
“Low” Assumption Set “High” Assumption Set
Osone-related Endpoints
Short-term mortaht $0 $824
Hospital admissions 33 $3
Acule resprratont sVmptons 51 5]
Worker productinity $14 $14
Commuodity crops $34 $242
Commercial forests $143 $143
PM-related Endpoints
Long-term mortalin $208 $1.400
Hospital admissions $1 $4
Chromie bronchiis $14K $127
Acute bronchitis NE S
Acute respiraton svmptoms S St
Work loss davs S $4
AMRADS Sid $16
Houschold sotling & 30
Restdenual visibihn 825 $30
Recreational visibihny $23 $3
Nitrogen deposition $152 $152
TOTAL $777 $2,971

* Not all possible benefits arc quantified and monetized i this analvsis  Potential benefit categonies that have not been quantified and
monetized are hsted m Table 4-2
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4.6 Limitations of the Analysis

Gneen incomplete information. this national benefits analysis viclds approximate results because of
the uncertamty assoctated with any estimate  Potentially important sources of uncertamty exist and many of
these are summarized in Table 4-34  In most cases. there 15 no apparent bias associated with the uncertamty
For those cases for which the nature of the uncertainty suggests a direction of possible bias. this direction 1s
noted 1n the table

4.6.1 Projected Income Growth

This anal sis docs not attempt to adjust benefits estimates to reflect expected growth 1n real income
Economic theory argucs. however. that WTP for most goods (such as environmental protection) will increase
if real incomes inerease  The degree to which WTP may mncrease for the specific health and welfare benefits
provided by the NO~ SIP call cannot be estimated duc to insufficient income clasticity information  Thus. afl
clse being equal. the benefit estimates presented n this analysis are likely to be understated

4.6.2  Unquantifiable Benefits

In considering the monctized benefits estimates. the reader should be aware that many hmutations for
conducting these anahvses are mentioned throughout this RIA - One significant hmitation of both the health
and welfare benefits analyses 1s the mability to quantifs many PM and ozone-induced adverse effects Table
4-2 hists the categories of benefits that this analvsis 1s able to quantifs and those discussed only 1 a
qualitatine manner  In general. 1f 1t were possible to include the unquantified benefits categories in the total
monctized benefits. the benefits estimates presented in this RIA would increase Specific examples of
unquantified benefits explored in more detail below include other human health effects. urban ormamentals.
acstheuic mjun 1o forests. mitrogen m drinking water. and brown clouds

The benefits of reductions 1n a number of osone- and PM-induced health effects have not been
quanufied duc to the unavailabihty of concentration-response and ‘or cconomic valuation data These effects
include reduced pulmonary function. morphelogical changes. altered host defense mechanisms. cancer. other
chronic respiratonn discases. infant mortahty . airway responsn eness. inereased susceptibility to resprrators
mfection. pulmonan inflammation. acute nflammation and respiratory cell damage. and premature aging of
the lungs
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Table 4-34
Sources of Uncertainty in the Benefit Analvsis

1. Uncertainties Associated With Concentration-Response Functions

There 1~ uncertamts surrounding the ozone or PM coeflicient in each C-R function
There 1s uncertainty about apphang a single C-R function to pollutant changes and populations in ali locations
Jt1s uncertain how simlar future vear C-R relatonships will be o current concentration-response relauonships

The correet functional form of each C-R relationship 1s uncertain  For example. 1t 1s uncertain whether there are
thresholds and. 1t so what they are

There 1~ uncertamnty associated with extrapolauon of C-R relationships bevond the range of ozone or PM
concentrations obsenved 1n the study

2. Uncertainties Associated With Daily Ozone and PM Concentrations

Lhere 1~ uncertamn surrounding the projected hourly ozone and daily PM concentranions

Ihe changes in ozone and PM concentrations resulung from the SIP call provisions are uncertain

3. Uncertainties Associated With Possible Lagged Effects

[t1s uncertain what portion of the PA-related long-term exposure mortahity effects associated with changes i annual
PN evels would oceur in a single vear. and what portion might occur 1n subsequent vears

4. Uncertainties Associated With Baseline Incidence Rates

Same baseline meidence rates are not location-specific (e g . those taken from studies) and may theretore not
accurately represent the actual location-specitic rates

It~ uncertam how well current baseline incidence rates approsimate what baseline meidence rates will be in the vear
2067 prven enther Tas 1v” ozone and PM concentrations or any alternative SIP call scenano

Ity uncertain how well the projected population and demographies used to derne incidences. approsimate what the
actual population and demaographies will be in the vear 2007

5. Uncertainties Associated With Economic Valuation

Umit dollar values assoctated with health and welfare endpomnts are onlv estimates of MW TP and therefore have
ancertamt surrounding them Posaible directions of bias are discussed i the techmcal support document (Abt
Associates. 19984,

Lven using constant dollars (e g 1990 dollarsy. 1t 1~ uncentain whether MWTP for each tvpe of risk 1eduction wall be
the same i the vear 2007 as the current MW [P

There 1~ uncertainty about the appiopriate discount rate for benefits achies ed in the future (2067

6. Uncertainties Associated With Aggregation of Monetized Benefits

Because benefit estimation 1s lirmited 1o those health and welfare endpoints for which concentration-response functions
have been esimated. there may be components of total benefit omitted  This would lead 10 a downward bias in the
estimated total monetized benefit
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In addition 10 the abor ¢ non-monctized health benefits. there are a number of non-monetized welfare
benefits of NO~ enussion controls from reduced ady erse effects on vegetation. forests. and other natural
ccosystems  The CAA and other statutes. through requirements to protect natural and ecological systems.
indicate that these arc scarce and highly valued resources  Lack of comprehensiv e information. insufficient
valuation tools. and significant uncertainties result in understated welfarc benefits estimates in this RIA
Howeer. a number of expert biologists. ecologists. and economists (Costanza. 1997) argue that the benefits
of protecting natural resources arc enormous and increasing as ecosy stems become more stressed and scarce
in the future  Additionally. agricultural. forest and ecological scientists (Heck. 1997) believe that vegetation
appears to be more sensitin e to ozonc than humans and consequently . that damage 1s occurring to yegetation
and natural resources at concentrations below the ozone NAAQS  Experts also beheye that the effect of
osone on plants 1s both cumulative and long-term  The specific non-monetized benefits from reductions in
ambient ozone concentrations would accrue from decreased fohar mjun . averted growth reduction of trees in
natural forests. maintained intcgnity of forest ecoss stems (including habitat for natin ¢ ammal species). and
the acsthetics and utilits of urban omamentals (¢ g . grass. flowers. shrubs and trees) Other welfare
categorics for which there 1s incomplete information to estimate the economic value of reduced adverse
effects include enistence value of Class 1 arcas. materials damage. reduced sulfate deposition to aquatic and
terrestrial ecosy stems. and visibihty impairment due to “brown clouds™ (1 ¢ . distinct brown lavers of trapped
air pollutants closc to the ground)

Other Human Health Effects

Human exposure to PM and osone 1s known to cause health effects such as  airway responsivencss.
increased susceptibility to respiratory infection. acute inflammation and respiratony cell damage. premature
aging of the lungs and chronic respiratonn damage  An improvement in ambient PM and ozone air quality s
expected to reduce the number of incidences within each effect categon that the U S population would
enperience  Although these health effects are known to be PM or o/one-induced. concentration-responsc data
1s not av ailable for quantuifsing the benefits associated with reducing these effects The inability to quantify
these effects leads to an underestimation of the monetized benefits presented 1n this analy sis

Urban Ornamentals

Urban ornamentals represent an additional v egetation categon likely to experience some degree of
cffects associated with exposure to ambient ozone levels and likels to impact large economic sectors  In the
absence of adequate exposure-response functions and economic damage functions for the potential range of
effects relevant to these types of v egetauon. no direct quantitatis ¢ cconomic benefits anals sis has been
conducted Ornamentals used in the urban and suburban landscape include shrubs. trees. grasses. and
flowers  The types of cconomic losses that could potentially result from effects that have been associated
with ozone exposure include 1) reduction in acsthetic services over the realized hfetime of a plant. 2) the loss
of aesthetic services resulting from the premature death (or earls replacement) of an injured plant. 3) the cost
assoctated with remoyving the injured plant and replacing it with a new plant. 4) increased soil erosion. 3)
increased energy costs from loss of shade m the urban enyvironment. 6) reduced seedling sunviy ability. and 7)
any additional costs incurred o er the ifetime of the injured plant to mitigate the effects of ozone-induced
myury It 1s estimated that more than $20 billion (1990 dollars) are spent annually on landscaping using
ornamentals (Abt Associates. 1993). both by private property owners/tenants and by governmental units
responsible for public areas. making this a potentially important welfare effects categon  However.
information and valuation methods are not available to allow for plausible estimates of the percentage of
these expenditures that may be related to impacts associated with ozone exposure
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Aesthetic Injury to Forests

Ovonc 1s a regionally dispersed air pollutant that has been shown conclusively to cause discermible
mun to forest trees (Fox. 1993)  One of the welfare benefits expected to accrue as a result of reductions m
ambient ozone concentrations n the United States 1s the economic 1 alue the public receives from reduced
acsthetic injun to forests  There 1s sufficient scientific information available that ambient ozonc levels cause
visible injun to fohage and impair the growth of some sensitive plant species Ozone inhibits photosy nthesis
and mterferes with nutrient uptake. causing a loss i vigor that affects the ability of trees to compete for
resources and makes them more susceptible to a variety of stresses (EPA. 1996a. p 5-251) Extended or
repeated exposures may result in decline and eventual chmination of sensitive species  Ozonc concentrations
of O 06 ppm or higher arc capable of causing mnjuny to forest ecosy stems

The most notable effects of ozone on forest aesthetics and ccosyvstem function have been documented
in the San Bernardino Mountamns 1in Cahifornia  Visible osone-related injury . but not necessanly ecosy stem
effects. have also been obsen ed in the Sierra Nevada in Califorma. the Appalachian Mountains from
Georgia to Mame. the Blue Ridge Mountamns in Virginia. the Great Smoky Mountains i North Carolina and
Tennessee. and the Green Mountains in Vermont (EPA. 1996a. pp 3-250to 5-251) These arc all locations
where there 1s substantial recreation use and where scenic quality of the forests 1s an important characteristic
of the resource  Economic v aluation studies of lost acsthetic value of forests attributed to plant injuries
caused by os0one arc limited to two studies conducted i Southern Cahifornia (Crocher. 1985 Peterson ct al .
1987) Both included contingent v aluation sur ey s that asked respondents what they would be willing to pay
for reductions 1n (or preyentions of increases i) visible ozone myuries to plants  Crocker found that
indn 1duals are willing to pay a few dollars more per day to gain access to recrcation arcas with only shght
osone mjun nstead of arcas with moderate to severe iqjury - Peterson ct al estimated that a one-step change
(on a 3 point scale) m visible ozone injury n the San Bernardino and Angeles National Forests would be
valued at an aggregate amount of between $27 million and $144 milhion for all residents of Los Angeles.
Orange. and San Bernardino counties A reassessment of the sunvey design. n hght of current standards for
contingent 1 aluation rescarch. suggests that it 1s plausible that concerns for forest ccosy stems and human
health could hay e been embedded into these reported values The extent of this possible bias 1s uncertain

Present analytic tools and resources preclude EPA from quanufiing the benefits of improy ed forest
acsthetics 1n the castern U S expected to occur from the NON SIP call - This 1s due to limitations i our
abihty to quanufy the relationship between ozone concentrations and visible injury . and limited quantitatne
mformation about the value to the public of specific changes 1n visible acsthetic quality of forests However.
there 1s sufficient supporung evidence 1n the phy sical sciences and economic literature to support the finding
that the proposed NOx SIP call can be expected to reduce mjuny to forests. and that reductions in these
mjuries will likely have a significant economic value to the public

Nitrates in Drinking Water

Nitrates in drinking water are currently regulated by a maximum contaminant level (MCL) of 10
mg/L on the basis of the nisk to infants of methemoglobinerma. a condition which adversely affects the
blood’s oxy gen carnving capacity In an analvsis of pre-1991 data. Raucher. et al (1993) found that
approximateh 2 mullion people were consuming public drinking water supplies which exceed the MCL
Supplementing these findings. the National Research Council concluded that 42 percent of the pubhc
drinking water users in the U S (approximately 105 million people) are either not exposed to nitrates or are
exposed to concentrations below 1 3 mg/L (National Research Council. 1995)
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In a recent epidemiological study by the National Cancer Institute. a statistically sigmificant
rclationship between nitrates in drinking water and incidence of non-Hodgkin's lymphoma were reported
(Ward. et al . 1996) Though 1t 1s generally acknowledged that traditional water pollution sources such as
agricultural runoff are mosth responsible for violations of the MCL. other more diffuse sources of nitrate to
drinking water supplies. such as that from atmospheric deposition. may also become an important health
concern should the cancer link to mitrates be found valid upon further study

Brown Clouds

NO~ emussions. especially gaseous NO- and NOx aerosols. can causc a brownish color to appear n
the air (EPA. 1996¢)  In higher eley ation western cities where wintertime temperature im ersions frequently
trap air pollutants in atmospheric favers close to the ground. this can result i distinct brown lavers  In the
castern L S . a lavered look 1s not as common. but the ubiquitous haze sometimes takes on a brownish hue
To date. economuc valuation studies concerming visual air quality have focused primarily on the clanty of the
arr. and hav ¢ not addressed the question of how the color of the haze might be related to aesthetic
degradation It mav be reasonable to presume that brown hase 1s likels to be perceived as dirty air and 1s
morc likelh 1o be associated with air pollution n people’s minds It has not. however. been established that
the public would have a greater value for reducing brown haze than for a neutral colored hase  Results of
cconomic v aluation studics of visibihty aesthetics conducted in Denver and in the eastern US (McClelland
ctal. 1991 arc not dircethy comparable because changes n visibility conditions are not defined in the same
umits of mcasure  However. the WTP estimates for improyements mn visibility conditions presented in this
assessment are based on estimates of changes in clanty of the air (measured as deciview) and do not take into
account any change mn color that may occur It 1s possible that there may be some additional value for
reductions m brownish color that mayv also occur when NO~ emissions are reduced

Other Unquantifiable Benefits Categories

There are other welfare benefits categories for which there 1s incomplete information to permit a
quantitatine assessment for this analvsis  For some endpoints. gaps exist in the scientific literature or kes
analvtical components and thus do not support an ecsumation of incidence In other cases. there 1s insufficient
cconomic mformation to allow estimation of the ecconomic value of adverse effects  Potentially significant.
but unquantified welfare benefits categories include exastence and user values related to the protection of
Class 1 arcas (¢ ¢ . Shenendoah National Parkj. damage to tree seedlings of more than 10 sensitive specics
(¢ ¢ . black cherny. aspen. ponderosa pine). non-commercial forests. ecosy stems. materials damage. and
rcduced sulfate deposition to aquatic and terrestrial ecosystems — Although scientific and economic data are
not ay ailable to allow quantification of the effect of osone 1in these categorics. the expectation is that. if
quantificd. cach of these categories would lead 1o an mcrease in the monetized benefits presented m this RIA

4.6.3 Potential Disbenefits
In this discussion of unquantified benefits. a discussion of potential disbenefits must also be

mentioned  Sevcral of these disbenefit categories are related to nitrogen deposition while one category 1s
related to the 1ssue of ultraviolet hight
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Passive Fertilization

Several disbenefit categories are related to nitrogen deposition  Nutrients deposited on crops from
atmospheric sources arc often referred to as passn e fertihization  Nitrogen 1s a fundamental nutrient for
primary production in both managed and unmanaged ecosy stems  Most productiy e agricultural sy stems
require external sources of nitrogen 1n order to satisfy nutrient requirements  Nitrogen uptake by crops
varics. but typical requirements for wheat and corn are approximately 150 kg/ha/yt and 300 kg/ha/yt.
respectnehy (NAPAP. 1990) These rates compare to estimated rates of passive mtrogen fertilization in the
range of 0 to 3 5 kg/havt (NAPAP. 1991) So. for these crops. deposited nitrogen could account for as much
as 2 1o 4 pereent of mitrogen needs  Holding all other factors constant. farmers’ use of purchased fertilizers or
manurc ma\ mncrease as depostted nitrogen 1s reduced  EPA has not estimated the potential value of this
possible mcrease mn the use of purchased fertilizers. but a qualitatin ¢ assessment of several factors suggests
that the overall value 1s venn small relative to the valuc of other health and welfare endpoints presented in this
analvsis  First. reductions in NOx enussions affect only a fraction of total nitrogen deposition
Appronmmateh 70 to 80 percent of nitrogen deposition 1s 1n the form of nitrates (and thus can be traced to
NO~ enussions) while most of the remainder 1s due to ammonia enmussions (personal communication with
Robin Denms. NOAA Atmosphenic Research Lab. 1997) Table 3-4 1n Chapter 3 indicates the annual
a\crage change m nitrogen deposition attributable to the 0 15 Trading alternatii e of the NOx SIP call 1s
about 11 percent of baschine levels. suggesting a relatinehy small potential change in passive fertilization
Second. some sources of nitrogen. such as animal manure. are av ailable at no cost or at a much lower cost
than purchased nitrogen  In addition. n certain areas nitrogen 1s currently apphed at rates which exceed crop
uptake rates. usually due to an overabundance of available nutrients from animal waste  Small reductions 1n
passive fertilization n these areas 1s not likely to have any consequence to fertihzer apphication The
combination of these factors suggests that the cost associated with compensating for reductions in passne
fertilization 1s relatively minor

Information on the effects of changes i passive mitrogen deposttion on forestlands and other
terrestrial ecosystems 1s vers hmited The multiplicits of factors affecting forests. including other potential
stressors such as ozone. and hmiting factors such as moisture and other nutrients. confound assessments of
marginal changes in any one stressor or nutrient in forest ecosyvstems  Howener. reductions 1n deposition of
nitrogen could have negatn ¢ effects on forest and yegetation growth in ecosy stems where nitrogen is a
linmting factor (EPA. 1993)

On the other hand. there 1s evidence that forest ecosy stems m some arcas of the United States arce
mitrogen saturated (EPA. 1993)  Once saturation 1s reached. ady erse effects of additional nitrogen begin to
occur such as soil acidification which can lead to leaching of nutrients needed for plant growth and
mobilization of harmful elements such as alummum Increased soil acidification 1s also hinked to higher
amounts of acidic runoff to streams and lakes and leaching of harm{ul elements into aquatic ecosy stems

Ultraviolet Light

A reduction of tropospheric ozone 1s hikelv to increase the penetration of ultraviolet light. specifically
UV-b. to ground level UV-b 1s an 1ssue of concern because depletion of the stratospheric ozone laver (i ¢ .
ozone 1n the upper atmosphere) due to chlorofluorocarbons and other ozone-depleting chemicals 1s associated
with mcreased skin cancer and cataract rates Currenth . EPA is not able to adequately quantify these effects
for the purposc of valuing benefits for this policy
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Other EPA programs exist to address the risks posed by changes in UV-b associated with changes in
total column osone  As presented 1n the Stratospheric Ozone RIA (EPA. 1992). stratospheric ozone levels
arc expected to significantly improve over the next century as the major ozone depleting substances are
phased out globally - This expected 1mmproyement 1n stratospheric ozonc levels 1s estimated to reduce the
number of nonmelanoma shin cancers (NMSC's) by millions of cases mthe U S by 2073
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Chapter 5. BENEFIT-COST COMPARISONS

This Regulatonn Impact Analyvsis (RIA) provides cost, economic impact. and benefit estimates that
are potentially useful for ey aluating alternative policy options for the NOx SIP call  Benefit-cost analysis
provides a systematic framework for assessing and comparing such alternatives  According to economic
theony . the efficient alternative maxtmuzes net benefits to society (i e.. social benefits minus social costs)
Howener. there are practical hmitations for the comparison of benefits to costs in this analysis  Thus chapter
also discusses the key mitations and uncertainties associated with the benefit and cost estimates
Nonetheless. 1f one 1s mindful of these hmitations. the relative ordering and magnitude of the benefit-cost
comparisons presented here can be useful policy information

5.1 Summary of Cost Estimates

This section provides a summan of cost results presented in Volume 1 of this RIA Table 5-1
summarizes the total annual control cost estimates developed in this analysis for the year 2007 for a selected
sct of regulators alternatnes that closely approximate the alternati es analy zed 1n the benefits analy sis
These costs nclude potential changes 1n the nationwide costs of electricity generation for the network of
electricity generating sources (EGUSs). direct control costs to potentially affected non-EGU sources, emissions
monitoring costs associated with the administrative costs associated with momtoring  The majority of the
total annual cost 1s due to control on electricity generating units (EGUs) for each alternative

Table 5-1
Estimated Total Annual Cost of NOx SIP Call Alternatives in 2007
Regulatory Alternative T(}iizl’;::‘;g;g;’)StS
a0l 2128
comiss e S1.660
g oo
comwss o0 51230
CoruSa000 5925
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5.2 Summary of Benefits Estimates

Table 5-2 summanizes the total annual benefits developed in this analy sis for the vear 2007 for the
“plausible range” of assumptions Not all possible benefits are quantified and monetized n this analvsts
Potential benefit categories that have not been quantified and monetized are listed in Table 4-2 in Chapter 4
of Volume 2 of this RIA

Table 5-2
“Plausible Range” of Annual Quantified Benefits Estimates
for NOx SIP Call Alternatives in 2007
(million 19908) *

Regulatory Alternativ An::ual guantiﬁed .Beneﬁts-- Anr‘lu?l ({uantiﬁed Peneﬁts--
. Low” Assumption Set “High” Assumption Set
((’“1\ I:"ff:j $1.100 $4.170
}:zftogil;:‘ J $1.13% §3.457
((102;' Tsiagg‘f $1.156 $3.543
(()(D I: f,lc?f 7 $2.971

*Not all possible benefits are quantfied and monetized in this analysic Potential benefit categories that have not been quanufied and monetized are
histed i Table 4-2 1n Chapter 4 of this RIA

5.3 Summary of Net Benefits

Table 5-3 summanzes the total annual quantifiable net benefits for NOx SIP call regulaton
alternatives for the vear 2007  There are sevcral conclusions that can be drawn from Table 5-3

. For the "High™ assumption set. monctized net benefits are positive and substanual for all regulatons
alternatives

J As modeled. Regionality 1 1s an inferior alternative. 1.¢ . even though 0 20 Trading 1s less stringent 1t
achieves greater benefits at lower total costs

J Net benefits are greatest at the most stringent regulatory alternative evaluated, 1€ . 0.12 Trading For
the “High™ assumption set, net benefits are approximately 33 percent hugher for the 0.12 Trading
relative to the 0 15 Trading alternative  For the “Low™ assumption set. net benefits are positive only
for the 0 12 Trading altemnative

. While net benefits are negative for the “Low™ assumption set for all but the 0 12 Trading alternative,
1t 1s 1mportant to remember that while all of the costs are included. many benefit categories could not
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be quantified In addition. the "Low™ assumption set estimate assumes that there are no reductions
prematurc mortality associated with ozone reductions  Relaxing this one assumption would result in
positin ¢ net benefits for all alternatives at the low end

Table §5-3
Estimated Annual Quantified Net Benefits®
for NOx SIP Call Alternatives in 2007
(million 19905)

Regulatory Quantified Net Benefits-- Quantified Net Benefits--
Alternative “Low” Assumption Set “High” Assumption Set
s0murs5 000 (5560 52510
};gf;’/’oo/gjho%(] ($262) $2.057
250(/}0732321(?(? 374 $2.313
600w s5000 5138 52046

* Caleulated as quantified benefits munus costs  \ot all possible benefits are quantified and monetized in thi< analysis  Potential benefit categories that
have not been quantified and monetized are listed in Table 4-2 sn Chapter 4 of this volume of the R1A

54 Limitations to the Benefit-Cost Comparison

Cost-benefit analy s1s provides a valuable framework for organizing and ey aluating information on
the effects of environmental programs  When used properly . cost-benefit analy sis helps illuminate important
potential effects of alternative policies However. not all potential costs and benefits can be captured in any
analvsis. and there always the 1ssue of how much technological changes will lower future pollution abatement
costs. or change the nature of compliance actions by the regulated community over time  EPA 1s generally
able to estimate reasonably well the costs of pollution controls based on today 's control technology and
assess the important impacts when it has sufficient information for 1ts analvsis  EPA 1s developing an
increasing abilitv to estimate benefits associated with changes 1n emussions, but EPA believes that there are
many 1mportant benefits that 1t can not quanufy or monetize that are associated with the NOx SIP call.
including many health and welfare effects Potential benefit categories that have not been quantified and
monetized are listed in Table 4-2 1n Chapter 4 of this volume of the RIA and should be remembered in
comparing the above quantitative benefits

Several other important limitations deserve to be mentioned:
. The state of atmospheric modeling 1s not sufficiently advanced to provide a workable “one

atmosphere” model capable of characterizing ground-level pollutant exposure for all
pollutants of mnterest (e g.. ozone, particulate matter, carbon monoxide, mtrogen deposition,
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etc) Therefore. EPA must employ several different pollutant models to characterize the
effects of alternative policies on relevant pollutants  Also. not all atmospheric models have
been widely vahidated against actual ambient data In particular. since a broad-scale
monitoring network does not yet exist for fine particulate matter (PM. ;). atmospheric
models designed to capture the effects of alternative policies on PM, ¢ are not fully vahdated
The Agency has chosen the best available models for the application needs of this RIA and
tricd to make the most reasonable assumptions possible in using them for predicting air
qualits changes Limitations are noted in appropriate areas of the RIA

There are limitations 1n some aspects of the data that are available to perform these analyses
These hmitations have been 1dentified along the wayv in this RIA While they exist. EPA
believes that 1t has used all models and assumptions in this analyvsis 1n a reasonable way
based on the available evidence  Qualitative and more detailed discussions of the above and
other uncertaintics and limitations are included in the analvsis Where information and data
exists. quantitative characterizations of these uncertainties are included An illustrative
example of how one aspect of uncertamnty can be quantified 1s provided in Appendix A of
Volume 2 However. data limitations prevent an overall quantitatiy e estimate of the
uncertanty associated with final estimates  Nevertheless. the reader should keep all of these
uncertainties and hmitations m mind when reviewing and interpreting the results

Another dimension adding to the uncertaints of the results 1s the potential for pollution
control mnnov ations that can occur over time  For the NOx SIP call. EPA expects that the
most significant costs of this regulation (1 e . the costs associated with mstallation and
opcration of NOx pollution control equipment at coal-fired electricity generating units
throughout the SIP call region) will occur by Mav 2003 The Agency 1s aware of some
nnov ations that equipment vendors are constdering now for application at some units before
2003 that are not part of the cost anals ses presented i Volume 1 These nnov ations
include the possible use of SCR and SNCR in hybrid technologies. or improved combustion
controls beyond what vendors have installed in the past that could be used with and without
the addition of post-combustion control technology It 1s impossible to anticipate exactiy
how much of an impact. 1f any. these new technologies may have in lowering the compliance
costs for the NOx SIP call in the future  Their possible influence can only be recognized

There 1s also the uncertamty over future costs due to the flexibility afforded by an emissions
cap-and-trade program that EPA 1s encouraging the States to set up under this rule The
analy s1s that EPA has completed to date has been fairly consen atn e--the analysis of the
electric power industry and large industrial boilers and combustion turbines assumes these
sources operate under separate trading programs In reality . they should enter the same
trading pool and there should be greater efficiency resulting from their ability to trade NOx
enussions allowances with each other There 1s also the possibility of unforeseen mnovation,
which a cap-and-trade program fosters. since it allows the regulated community to work out
the best approaches to future comphance Therefore, the Agency believes that 1ts cost
analysis 1s a reasonably conservative estimate of the future comphance costs that will occur
1If States enter mnto the trading program that the Agency has described in the Model NOx
Budget Trading Rule as part of the NOx SIP call rule  If some States do not enter the
program. any inefficiencies that result for the regulated commumity 1n those States should not
be viewed as a cost of this rule
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Despite the aboy e himitations and uncertamties. EPA believes that the analvsis provided in this report
provides the Agency with a basis for behieving that n the vear 2007. benefits resulting from the regulaton
alternatn es that EPA analy zed for NOx SIP call will be up to two and one-half times costs

) References
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Appendix A. QUANTIFIED UNCERTAINTY IN HEALTH AND WELFARE BENEFITS

Al Overview

Chapter 4 presents point estimates of the monetary benefits assoctated with each health and welfare
endpomt For most endpoints. an estimate of the statistical uncertainty range based on measured v ariabilitny
n the underly ing health effects and 1aluation components of the analy s1s can also be computed Uncertainty
regarding other aspects of the analy sis (such as emissions and resulting air quality) 1s not included in the
uncertamty analysis. resulting 1n a hikels underestimate of the overall uncertainty of the monetized benefits for
each categon

The two sources of uncertamty that are quantified in the NOx SIP call benefits analyvsis are the
uncertainty about the concentration-response functions (and thus about changes 1n incidence) and the
uncertaints about mean willingness to pay for each unit change 1n incidence (1 ¢ . unit dollar values) The
total dollar benefit associated with a given endpoint depends on how much the endpoimnt will change if a given
NOx SIP call alternatiy ¢ 1s implemented (¢ ¢ . how many premature deaths will be avoided) and how much
cach unit of change 1s worth (¢ g . how much a premature death avorded 1s worth) Not all endpomnts have
quantified uncertainty for both the concentration-response function and v aluation function

The uncertainty about each component ts characterized by a distriburion of values that the
component nught have This distribution 1s essentially a Baxesian posterior distribution. based on the
available information A distribution of possible incidence changes and a distribution of possible umit dollar
values for cach endpoint 1s constructed from available information whenever possible  The uncertamty about
the true incidence change (or the true unit dollar value) for a given endpoint 1s expressed as a 90 percent
credible interval This s the intenal from the fifth percentile point to the ninets -fifth percentile pont of the
Baiesian posterior distribution of incidence changes (or unit dollar values) for that endpoint  The 90 percent
credible inten al 1s a “credible range” within which. according to the available mformation (embodied 1n the
Bax esian posterior distribution of possible s alues). the true value hies with 90 percent probability

The uncertainty surrounding estimates of total monctary benefits for each endpoint 1s similarly
charactcrized by a distribution of possible values. the fifth and ninety -fifth percentile pomnts of which
comprise the 90 percent credible inten al of total monctany benefits for the endpoint The distribution of total
monetary benefits for an endpoint 1s generated from the distribution of incidence changes and the distribution
of unit dollar v alues for that endpoint. using Monte Carlo techniques  In this procedure. on each of many
iterations. a value 1s randomiy drawn from the incidence distribution and a value is randomly drawn from the
unit dollar v alue distnibution. and the total dollar benefit for that itcration is the product of the two ' If this 1s
repecated for many (e g . thousands of) iterations. an estimate of the distribution of total dollar benefits
associated with the endpoint 1s generated® The mean of this Monte Carlo-generated distribution 1s presented
as the point estimate of total monetary benefits for the endpont  As the number of Monte Carlo draws gets
larger and larger. the Monte Carlo-generated distribution becomes a better and better approximation to the

' This method assumes that the mcidence change and the umit dollar value for an endpoint are stochasticallv
independent

* To improve computer efficiency. a Laun Hyvpercube techmque 1s actually used for the ncidence change
distnbution when implementing all phases of the Monte Carlo anahsis
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underlving Bayesian distribution of total monetary benefits  In the hmut. it 1s 1dentical to the underly ing
distribution. and 1ts mean. presented as the point estimate. 1s 1dentical to the mean of the underly ing
cdistribution of total monctany benefits for the endpomt

The distributions of unit dollar v alues for those health and welfare endpoints considered in this
uncertaints anah sis. and the means of those distributions. are ginven in Table A-1 below  In addition. the
means and 90 percent credible inten als (the fifth and minety -fifth percentile ponts of the distributions of
possible values) of avoided incidences and the corresponding means and 90 percent credible mtervals of total
monetan benefits associated with these endpoints can be found in the results technical support document
(Abt Associates. 1998a)

A2 Underlying Sources of Uncertainty

For most health endpotnts (with the exception of ozone-related mortality and short-term PM-related
mortahty ). the concentration-response function 1s obtained from a single epidemiological study  For all of
these studies. the uncertainty about the unknown parameter in the concentration-response function 1s
characterized by a normal distribution with mean cqual to the estimate of the parameter v alue reported 1n the
studv and standard deviation equal to the standard error of the estimate reported in the study - To the extent
that a\ oided incidence 1s a hincar function of this concentration-response function parameter. the distribution
of avoided incidence will also be normally distributed

For osone-related mortalits and short-term PM-related mortality . the distribution of incidence
changes 1s based on a pooling of the information m sex eral concentration-response functions  In the case of
short-term PM-related mortahty . the input components to the concentration-response (C-R) functions
estimated 1n the studics (¢ ¢ . functional forms. pollutant averaging times. study populations) are all the same
or vernn similar. so that a pooled. “central tendency ™ C-R function can be derived from multiple study -specific
C-R functions For osone-related mortality . however. the pollutant ayeraging time is not the same across all
studics  Some of the four studies measured daihy 1-hour maximum ozone concentrations while others
mecasured daily tor some other) average ozone concentrations It 1s therefore not possible to pool the C-R
functions to dern ¢ a central tendency “pooled™ C-R function for ozone-related mortalits  Instead. using the
osone data appropriate to cach study (either one-hour daily maxima or daily averages). national ozone
mortahty ncaidence distributions are dern ed corresponding to the C-R function from cach study. and these
study -specific national incidence distributions are then pooled  That 1s. the pooling of results 1s donc m
“national maidence space’ rather than in “osonc coefficient space © For a more detailed discussion of the
methodology of pooling results from studies. sce the report titled Se/ecred Health and Welfare Benefits
Methody for the NOx SIP Call RIA (Abt. Associates. September 1998b)

Construction of distributions of unit dollar v alues. or mean willingness to pay (MWTP) for a case
avoided. 1s often not as straightforward to describc  Estimates of MW TP can be complicated functions of
estimated parameters. for which information about the statistical distributions are not ay ailable in published
studies  The assumed distributions for MWTP for each endpoint are listed in Table A-1  For a more
complete description of the underlving studies and derivation of the distnibutions of MWTP. sec Chapter 4
and the benefits techmcal support document (Abt Associates. 1998b). For some endpoints. while uncertainty
1s recognized and a range of possible values 1s available. there 1s msufficient information to construct

* The concentranon-response tunctions are almost hinear functions of the parameter
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Table A-1

Point Estimates and Assumed Distributions of MWTP for Health and
Welfare Endpoints in the NOx SIP Call Analysis

Endpoint

Point Estimate of MWTP

Derived Distribution of the Estimate of
MWTP (1990S)

Mortahn

$4.800.000

A Weibull distnibution. Std Dev =83 24
million

Chrome bronchitis

$260 600

A Monte Carlo-generated distribution.
based on three underlying distributions. as
descnibed in the technical support
document

URS (as detined by Pope et al .

Continuous uniform distribution over the

. $19 e
1991 mterval [$7 00. $32.72]
LR (as defined by Schwarts et al SE Continuous uniform distribution over the
1994 - mterval {8327, $18 57
“Presence of amy of 19 acute Continuous uniform distribution over the
. SI8 , 24 fa
respiraton SVImploms interval [$0 00. $36 62}
- Continuous uniform distribution over the
Acute Bronchius 43 . s
Acute Bronchit ) mtenal [$13 29, $76 74]
Minor Restricted Activity Dayvs $3K triangular distribution centered at $38 37
D e - P
(MRAD~ on the intenval [$13 72,861 02
Work Loss Davs $83 NA®
Worker Productivan $1 worker 10% changem O, [ N A

Vistbihty - Residential

$14 per unit change in dv

Triangular distribunion centered at $14 on
the interval {$8. $21}

Visibihn - Recreatonal

$6 50 per unit change i dy
(m-region)
$4 per unit change in &b
fout-of-region

Normal distribution with std dev equal 1o
0 42 (n-regron) and 0 10 (out-of-regron?

Consumer Cleamng Cost Savings

er ug'm’ change in
. per household

(74
to
h
to
3

PM

Beta distribunion with. std dev =$1 00 on
the mterval {$1 26, $10 08)  The shape
parameters of this distnbution are =1 2
and p=7 3

? =N \ ndicates that a distribution 1s not available
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anvthing other than a uniform distribution of unit dollar values. which assumes that cach point in the range 1s
equally Iikeh

For agricultural. forestrny. and nitrogen deposition benefits. there are no distributions or ranges of unit
valucs available  Variation in the endpoints occurs duc to changes mn the underlyving assumptions in the
modcls generating the benefit estimates. 1¢ sensitinity of cultivars to ozone for agricultural benefits  Thus.
for these endpoints. uncertainty ranges are not reported  Sensitinvity to changes in the underlying assumptions
can be examuned through the plausible range approach, where assumptions can be grouped to form a range
with low and high estimates

A3 Quantified Uncertainty for Ozone-related Benefits

The quantification of the uncertainty about the magnitude of the ozone mortahity relationship 1s a
ver important 1ssuc in the economic benefits esimation  While the growing body of epidemiological studies
suggests that there 1n a positin ¢ relationship between ozone and premature mortality. 1t 1s still unclear whether
the apparent osonc effect on mortahity 1sreal  There 1s a diversity of published results and substantial
measurcd uncertainty within cach study - This high degree of uncertainty has lead to some countermtuitive
“results  Based on the meta-anal sis generated distribution of ayoided ozone-related cases of premature
mortality corresponding to the NOx SIP call estimated future air quahity. there 1s approximately a 13 percent
probabilits that there 1s a negatn e relationship between ozone exposure and premature mortality (1 ¢ . that
clevated osone prevents premature mortality ) This “result” should be interpreted with caution. however It
1s biologicallv implausible that eley ated ozone levels are beneficial to human health  The portion of the
estimated incidence change distribution n the negative range 1s most hikely the result of random crror 1n the
estimation of the osone cocfficients 1n concentration-response functions and-or the result of modeling
misspecification (the underlying models do not prevent negative results @ priori. and the estimated
cocfficients are asvmptoucally normal. which results in a negative lower tail of the distribution) By
construction. the meta-anah sis distribution incorporates both between-location vanabilits and within-
location sampling crror - As more studics become available. and. n particular. as newer studies incorporate
information from longer pertods of time and therefore has ¢ results based on more obsen ations. the sampling
crror component of the meta-analy sis distribution will decrease  As this occurs. the meta-analy sis
distributions will better appronimate the underlying distributions of which they are estimates. and the
portions of the distributions n the negative range are likely to diminish accordmgly

A4 Quantified Uncertainty for PM-related Benefits

For houschold soiling damage and visibility. no point estimates or distributions are presented for
avoided incidences  This 1s because PM-related houschold soiling 1s directly valued on a per household basis,
rather than measuring some unit of incidence (such as hours lost) and multiplying by a value per unit
Visibility 1s valued on a constant percentage deciview change per household. so there are no avoided
incidences  The correct unit measure 1s percent change 1n deciview. which 1s then input into a valuation
function to get value per household. which 1s then summed over all households in the NOx SIP call region
Thus. uncertamnty 1s measured 1n the valuation stage. but not 1n the generation of changes in visibility
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A5 Statistical Uncertainty and Plausible Ranges

The tables of benefit estimates presented in Chapter 4 represent monetan benefits estimates for five
NOx SIP call regulatons alternatiyes under the “Low ™ and “"High™ sets of assumptions regarding the PM
threshold level. osone mortalits . agricultural benefits. and the PM air qualits model Benefits estimates
associated with the “"High™ and “"Low™ assumption sets hay e corresponding statistical uncertainty ranges as
well. with 3% percentle. mean. and 93 percentile estimates of benefits  As discussed in Chapter 4, the range
of values from the mean of the "Low™ assumption set to the mean of the "High™ assumption set represents a
“plausible range™ across the different assumptions  However. this range does not proyide information on the
likelihood of anv sct of assumptions being the correct one  Thus. while the plausible range mdicates the
sensitivity of benefits to the vanous assumptions. 1t does not express the uncertaints associated with any
particular benefits estimate  To understand the uncertamty associated with a particular estimate. 1t 18
nceessan to know both the underlying assumption set and the statistical distribution around the estimate
determined by the vanance of the underlying concentration-response functions and v aluation functions

A6 References

Abt Associates. Inc 1998a Benefit Analysiy Resulis of Selecred Healih and Welfare Endpoints for the NOx
SIP Call RIA. Prepared for the US Environmental Protection Agency. Office of Air Quality Planning and
Standards. Rescarch Triangle Park. N C . September

Abt Associates. Inc 1998b Selecred Health and Welfare Benefits Methods for the NOx SIP Call RIA.

Prepared for the US Environmental Protection Agency. Office of Air Qualits Planning and
Standards. Rescarch Triangle Park. N C . September
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Appendix B. SUMMARY OF POPULATION-WEIGHTED AIR QUALITY METRICS

This appendiy summarizes the predicted air quahity changes used in the benefits analy ses for this
RIA. weighted by population  The population-weighted air quahity changes are calculated for several
“metrics.” or measures of air quality based on results of the air quahits modehng described in Chapter 3 For
osone. these metrics mclude 1-hour and 8-hour average concentration predictions above the level of the
respectine health standards  For PM. the metrics include annual mean PM.  and annual mean PM,
predictions abov ¢ the level of the respective health standards  The metrics are calculated for the total
population and for various subpopulations. including mmority groups (represented by the Census Bureau's
“non-white” categor ). the elderly (63 vears of age and older). children (under 18 vears old). and the low
income group (1990 annual income under $13.359 for a famil of 4) The air quality changes cover the entire
arca of cach modeling domain. data 1s presented for the entire modeling domain (37 States & D C ) and for
the SIP Call region states  The population-weighted metric for modeled visibility degradation 1s presented 1n
Chapter 2. Section 2 6. rather than in this appendin A population-weighted metric is not calculated for
modcled nitrogen deposition changes  Additional detail on all population-weighted metrics can be found in
the report utled Airr Quaiiny Esnmation for the NOx SIP Call RIA (Abt. Associates. September 1998)

Table B-1
2007 Population-Weighted Sum of 1-Hour Ozone Predictions Above 124 ppb*:
Adjusted and Extrapolated UAM-V Results

Percent Change from Base Case
Population
0.25 0.20 Regionality 0.15 0.12
Trading Trading 1 Trading Trading

SIP Call States

Al Populatiens -509 -63 0 -666 -69 4 -739
Non-W e -1%Y 616 -04 0 67 R 737
Under IR =507 -62 K -66 2 -69 2 -T3 K
03 and oves 49 2 01 3 -G53 -68 4 273
Low Income -5k 3 -69 0 714 -737 780
37 States & D.C.

All Populations -192 -24 1 -253 =260 =273
Non-White -147 -189 -195 -147 214
Under 18 -173 =217 -22 8 -173 -245
65 and over =251 -315 -3353 -251 366
1.ow Income -18 3 -221 =227 -183 -236

* The 1-hour ozone standard allows an average of 1 exceedance above 120 ppb (rounded to the nearest ppb) over a 3 vear peniod  This analvsis does
not predict three years worth of air quahty. and 1s therefore not directly comparable 10 the official standard
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Table B-2
2007 Population-Weighted Sum of 8-Hour Average Ozone Predictions Above 84 ppb*:
Adjusted and Extrapolated UAM-V Results

Percent Change from Base Case

Population
0.25 0.20 Regionality 0.158 0.12
Trading Trading 1 Trading Trading |

SIP Call States

All Populations -310 -39 9 -44 0 46K 510
Non-White -26 % -354 -3935 -423 -46 8
Under 1R SR -du 3 -443 472 -515
65 and ove: -3 R -39 7 439 367 -369
Low Income 3R -8 3 =343 =367 -6U 4
37 States & D.C.

All Populations =241 212 -343 -365 -396
Non-White 2200 -26 4 2293 314 -34 6
Under 1¥ 2236 S0 -333 -353 -385
o> and over 260 336 372 -39 5 -129
Low Income -IX3 221 227 =223 -236

* The 8-hour ozone standard of §C ppb rrounded 1o the nearest ppbos based on each vear s dth highedt daihy mazimum 8-hour average ozone
concentratior averaged over o 3vear pentod - This analvae does not predict three vears worth of air quality. and 1< therefore not directly comparable to
the official <tancard
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Table B-3

2007 Population-W eighted Sum of Annual Mean PM, . Predictions Above 15.04 ..g/m> %

RPM Results

Percent Change from 2007 Base Case

Population
0.25 0.20 Regionality 0.18 0.12
Trading Trading 1 Trading Trading

SIP Call States

All Populations -16 -60 -6 8 67 -145
Non-White -3 3 -6 0 65 -6 3 -14 8
Under 18 -4 6 -6 0 -6 8 -6 8 -143
65 and over -43 59 -6 & -63 -143
Low Income =54 87 -114 -62 -191
37 States & D.C.

All Populations 30 -4 ] -43 -4 6 -100
Non-White -3 8 -3 =35 34 -12%
Under I8 30 -4l -453 -16 99
63 and over 2N -39 -3 4 -43 -95
Low Income -4 4 -T2 -93 =52 -159

* The PAL L annual mear ~tandard of 13

g m’ (rounded to the nearest 1 10thy averaged over a 3 vear period  This analvas 1» not based on an

extensive netwark of actial PAL Cobsenvations and doce not predict three vears worth of air quabity, and i< therefore not directly comparable to the

official andard
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Table B-4
2007 Population-W eighted Sum of Annual Mean PM,, Predictions Above 50.4 g/m’ *:
RPM Results *

Percent Change from Base Case

Population
0.28 0.20 Regionality 0.15 0.12
Trading Trading 1 Trading Trading
All Populations -00 -00 -00 00 -00
Non-White -0 0 -00 00 -00 -0 0
Under 18 -0 -00 00 -00 -00
c3and over -0 -0 0 00 00 00
[ ow Income -00 -00 00 00 00

*The AL annua mean dandard of 36, g m’wrounded to the nearest . g) averaged over a 3vear pertod T analysic does not predict three vears
worth of air qualits and 18 therefore not directiy comparabie to the official standard
* b locations have predictions below the PM10 standard henee there are no reductions 1n evposures relatne a 50 ug m* annual mean threshold
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Appendix C. EMISSION SUMMARIES FOR BENEFITS-RELATED
AIR QUALITY MODELING

This appendix presents emissions summaries reley ant to the air qualits modeling that is used as an
mput to the benefits analy ses covered in Chapter 3 The tables in this appendix contain summary emissions
estimates for the entire modeling domain. not just the area covered by the SIP call rule  Table C-1 contains a
summan of the ozone season NOx emussions used to drive the regional-scale ozone prediction model. UAM-
V' Tables C-2 through C-3 present summaries of the warm and cold scason emissions of NOx and SO. used
to drive the secondan PM prediction model. RADM-RPM  Tables C-6 and C-7 contain summaries of NO~
and SO. emissions used to dmve the secondary PM prediction model. S-R Matrix  Finally . for comparision
purposes. Table C-& presents the emissions associated with the cost analy ses for EGU and non-EGU sources
presented in Volume | of the RIA  Each of these tables presents the emussions for each regulaton alternatine
for which benefits esuimates are developed
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Table C-1

Ozone Season Daily NOv Emissions by Major Sector and Regulatory Alternative:
UAM-V Inputs

Major Sector 2007 Base Case T 0.25 Trading 0.20 Trading Reg. 1 ] 0.15 Trading 0.12 Trading
1:GU Point Sources 2255312 [ 666 003 1459 509 1376088 1251 349 115 R0Y
Non-F'GU Pomnt Sources 1163377 GORT17 K10 694 1. 103,784 810699 KA 0694

Table C-2

Warm Season Annualized NOx Emissions by Major Sector and Regulatory Alternative:
RADM-RPM Inputs

Major Sector

2007 Base Case ]

0.25 Trading

[

0.20 Trading

Reg. 1

0.15 Trading

0.12 Trading

LGU Pomnt Sources

4 989,941

3708495

3257420

3.075.079

2.811.652

2.5068,.235

Non-1GU Pomt Sources

7918948

06.175373

5424582

5244 248

4 880852

4,742,369

Table C-3

Warm Scason Annualized SO, Emissions by Major Sector and Regulatory Alternative:
RADM-RPM Inputs

Major Sector

2007 Base Case ]

0.25 Trading

0.20 Trading

Reg. 1

l

0.15 Trading

0.12 Trading |

GU Pomt Sources

10,457 840

10396587

10.400.773

10395293

10315,766

10,073 815

Non-1:GU Point Sources

14.100.5K2

11271520

VLOA3 149

14.037.693%

13.958.185

13.715.860

Page C-2




Table C-4

Cold Season Annualized NOx Emissions by Major Sector and Regulatory Alternative:
RADM-RPM Inputs

Major Sector

[ 2007 Base Case

0.25 Trading

0.20 Trading

|

Reg. 1

|

0.15 Trading

l

0.12 Trading

LGU Potnt Sources

J.566.903

ANAYREY

J151 6443

1150 236

AR TS

4139 383

Non-1:GU Pomnt Sources

7ART 169

G.OOO32S

(300 1KY

6298716

(297002

G.2R8.299

Table C-5

Cold Scason Annualized SO, Emissions by Major Sector and Regulatory Alternative:
RADM-RPM Inputs

[ Major Sector

2007 Base Case

.25 Trading

0.20 Trading

Reg. |

0.15 Trading

0.12 Trading

1:GU Point Sources

9.980.793

10100287

10,116,509

10,156 8R4

10,138,988

10204 318

Non-1{GU Point Sources

13.623.675

13,743,085

13,759,385

13, 775383

13.791 381

13,847,147
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Annual NOx Emissions by Major Sector and Regulatory Alternative:

Table C-6

S-R Matrix Inputs

Major Sector

2007 Base Case

0.25 Trading

0.20 Trading

Reg. 1

0.18 Trading

|

0.12 Trading |

EGU Pomt Sources

4 R4 RGY

1 089 759

3902603

3.R26.560

3715751

3011671

Non-1-GU Pomnt Sources

L1080

2372208

2372248

2372248

2372248

23722418

Annual SO, Emissions by Major Sector and Regulatory Alternative:

Table C-7

S-R Matrix Inputs

r Major Sector 2007 Base Case 0.25 Trading 0.20 Trading T Reg. | 0.15 Trading 0.12 Trading
EGU Point Sources 10277 251 10321353 10332184 10.353.035 10309914 10,247 311
Non-1:GU Pomnt Sources 3.713.552 3.713.552 3713552 3.713.552 3713552 3.713.552
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Appendix D. NONLINEAR CHEMISTRY AND FINE PARTICLE PRODUCTION

Exaluating the cffect of major reductions m emssions of mitrogen oxides on particles in made more
difficult because NOx plavs an important role n the atmospheric chemistn . including formation of nitrate.
organic. and sulfate particles  The extent to which Nox reductions reduce fine particle levels 1s dependent on
a number of factors that van with ime and location. including the concentration of key reactive gases and
particles. as well as emissions and meteorology  The following discussion provides some background on the
nature of these chemical reactions as a basis for understanding the relev ance of non-lincar modeling results

D.1 Background

The hvdroxyl radical. OH. 1s a magor oxidizing specic 1n the atmosphere  The largest single source of
OH 1s the breakdown of ozone. O;. by ultraviolet light in the presence of water  Clearly. reduction of NO~
can affect the production of ozone and OH radical in particular locations  Sulfate. a major component of finc
particles. 1s formed by the oxidation of SO- through two main pathwavs gas-phasc oxidation and aqueous-
phase oxidation (1n water droplets) Sulfate 1s formed 1n the gas phasc by oxidation of SO, by OH  This
process does not use up OH. by and large. so a change in SO- produces approximatels an equin alent change
in SO, Also. an mcreasc decrease in OH will cause an increase/decrease in gas-phase produced SO,

Sulfate (SO )15 also formed mn the aqueous phase in cloud droplets  This occurs by conversion of
SO. by hvdrogen peronide. H-O-. and O, The vast proportion of the aqueous-phase SO. 1s produced by
H.O. for eastern North American conditions  This process does use up oxidants  1f SO, 15 very high. then
there can be oxidant-limited conditions. 1 ¢ . the nonhneanty that was of concern in NAPAP with respect to
the effectiy eness of acid ram controls  Under onidant-limited conditions. the production of SO, will be
mosth deternuned by the avatlability of the oxidant. not by the availability of SO, Modeling analysis with
RADM estimates that a majority of the castern U S sulfate comes from the aqueous-phase oxidation of
sulfur dionide. the second pathwas

Nitric actd. HNOx. the precursor to acrosol nitrate. 1n formed by NO- combining with OH  The
formation of HNO . 1s a termination reaction and uses up both OH and NO. Thus reaction 1s part of the
photochemical process that accounts for the production of O,

The radicals that arc produced during anv one day all disappear or termuinate during that day mn a
matter of tens of mimutes  Production equals termmation in the photochemical process  There are two
important pathway s of termination that are in constant competition

a) OH combines with NO-. tahing out one radical If there 1s a lot of NOx around. this pathway out

competes and ihibits the availability of radicals by taking so many OH's out of the action so

quickly If NOx 1s scarce. then this pathway cannot compete as well and a sccond termination
pathway becomes most important

b) In the second main termination pathway. OH combines with 1tself. to form H.O.. hvdroxy radicals

combine with peroxy radicals to form organic peroxides  Two radicals are taken out

The relatin ¢ fraction of nitrate that exists 1n the particle phase (as opposed to vapor phase nitric acid
or ammontum nitrate) depends 1n turn upon the relativ e concentration of acid sulfate species and ammonia
In arcas with hugh acid sulfate concentrations (e g the eastern U S. 1n the summer). nitrate tends to occur in
the vapor phasc and reductions of NOx emisstons could not result m a large reductions 1n fine particle
mtrates Where sulfate levels are much then nitrate particle levels would be hugher
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D.2 W hat this means for NOx Emissions and Sulfate

In urban arcas with rclatin ely high NOx enussions radical formation and propagation 1s inhibited  If
NOx emissions arc reduced by small to moderate amounts. O; and OH will increase Note. the response for
average O. can be different than the response for peah O, If SO. 1s available. then where the OH increases.
an increase 1n the amount of SO- will be oxidized to SO, 1n the gas phase  This produces a "nonlincar”
response in SO, (increase) to a reduction in NOx

In rural arcas with relatnely models NOx levels. O, and OH will decrease when NOx 1s reduced
Percentage-wise. the decrease in O, and OH will less than NOx and NO. The ratio of OH to NO. will
therefore icrease and more of the OH budget will termmate as H.O- This max or mas not lead to an
increase m H-O.  In the RADM simulations there was an increasc in H.O- i certain arcas. especially over
Ohio and western Pennsyhvania  If there 1s excess SO.. then where H.O- increases. in increased amount of
SO- will be converted to SO. in the aqueous phase  This produces a “nonlinear” response m SO, The larger
and morc pen asn e source of the nonlinearity m these model results seems to be the change 1n H-O-

The projected relatine abundance of sulfate vs nitrate particles in future years depends upon
assumptions about the effectin eness of acid rain and as yct undecided strategies to implement regional haze
and finc particle standards  Under the scenarios examined for this RIA. the sulfate levels were high enough to
Iimit the amount of mitrate acrosol reduction that would accompans a regional NOx reduction  If. however.
future strategies further reduced SO\ emusstons. the expected reductions 1n fine particles from NOx
reductions would be decidedly larger. and more hnear  Because of the uncertamties in the atmospheric
chenustny for these future vears. the RIA relies on modeling tools that estimate both hincar and non-hinear
responses for PN reductions

D.3 Reference

Denmis. R L Memorandum to Scott Mathias and John Bachmann. US EPA Office of Air Quahty Planning
and Standards from Robin Denmis. US EPA. Office of Research and Dey elopment. September 17. 1998

Page D-2



TECHNICAL REPORT DATA

(Please read Instructions on reverse before complering)

1 REPORT NO 2
IPA-332/R-98-0038

3 RECIPIENT'S ACCESSION NO

4 TITLE AND SUBTITLE
Regulatory Impact Analysis for the NOx SIP Call. FIP. and
Section 126 Petitions

Volume 1: Costs and Economic Impacts

Volume 2: Health and Welfare Benefits

5 REPORT DATE
Volume 1: September 1998
Volume 2: December 1998

6 PERFORMING ORGANIZATION CODE

OAQPS/AQSSD

7 AUTHOR:S)
Office of Air Quality Planning and Standards
Office of Atmospheric Programs

8 PERFORMING ORGANIZATION REPORT NO

9 PERFORMING ORGANIZATION NAME AND ADDRESS

U.S. Environmental Protection Agency

Office of Air Quality Planning and Standards &
Office of Atmospheric Programs

Research Triangle Park. NC 27711

10 PROGRAM ELEMENT NO

11 CONTRACT GRANT NO

12 SPONSORING AGENCY NAME AND ADDRESS

Director

Office of Air Quality Planning and Standards
Office of Air and Radiation

U.S. Environmental Protection Agency
Research Triangle Park. NC 27711

13 TYPE OF REPORT AND PERIOD COVERED

14 SPONSORING AGENCY CODE

EPA/200/04

15 SUPPLEMENTARY NOTES

16 ABSTRACT

potentially affected sources and potential economic impacts.

This report contains EPA’s estimates of the annual costs and benefits of the final NOx SIP call and the
proposed NOx FIP and CAA section 126 petition actions. The report also contains a brief profile of

17 KEY WORDS AND DOCUMENT ANALYSIS

a DESCRIPTORS

b IDENTIFIERS OPEN ENDED TERMS

Regulatory impact analysis: benefits-cost
comparison

Air Pollution control

18 DISTRIBUTION STATEMENT
Unclassified

19 SECURITY CLASS (Repori)

21 NO OF PAGES

Release Unlimited

Unclassified

20 SECURITY CLASS (Page)

22 PRICE

EPA Form 2220-1 (Rev. 4-77) PREVIOUS EDITION IS OBSOLETE

c¢_COSATI Field Group



