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CHAPTER 9: Cost-Benefit Analysis

This chapter reports EPA’s andysis of the public health and welfare impacts and associated
monetized benefits to society of the proposed Nonroad Diesdl Engines Standards. EPA isrequired by
Executive Order 12866 to estimate the benefits of magor new pollution control regulations.
Accordingly, the analys's presented here attempts to answer three questions. 1) what are the physica
hedlth and wdfare effects of changesin ambient air quality resulting from reductions in nitrogen oxides
(NOX), sulfur dioxide (s5,), non-methane hydrocarbons (NMHC), carbon monoxide (CO) and direct
diesdl particulate matter (PM) emissons?, 2) how much are the changes in these effects worth to U.S.
citizens as awhole in monetary terms?; and 3) how do the monetized benefits compare to the costs
over time? It condtitutes one part of EPA’ s thorough examination of the relative merits of this proposed
regulation. In Chapter 12, we provide an andysis of the benefits of severd aternatives to the proposed
gandards to examine their relative benefits and codts.

Due to the time requirements for running the sophisticated emissons and air quality models
needed to obtain estimates of the changesin air quaity expected to result from implementation of
emission contrals, it is often necessary to select a set of preliminary control options for the purposes of
emissons and air quaity modding. The sandards we are proposing in this rulemaking are dightly
different in the amount of emission reductions expected to be achieved in 2020 and 2030 rdlative to the
preiminary control options that we modeled. EPA has used the best available information and tools of
andysisto quantify the expected changes in public hedlth, environmenta and economic benefits of the
preiminary control options, and these are presented in Appendix 9A, directly following this chepter.
However, we determined that additiona anadysis was necessary to reflect the differencesin emisson
reductions between the modeled and proposed standards. The results of that additional analysis are the
focus of this chapter.

In order to characterize the benefits attributable to the proposed Nonroad Diesdl Engines
gandards, given the congtraints on time and resources available for the andys's, we use a benefits
transfer method to scale the benefits of the modeled preliminary control options to reflect the
differencesin emission reductions. We aso goply intertempora scaing factors to examine the stream
of benefits over the rule implementation period. The benefits transfer method used to estimate benefits
for the proposed standardsis smilar to that used to estimate benefits in the recent anadlyss of the Large
Sl/Recregtiond Vehicles standards (see RIA, Docket A-2000-01). A similar method has aso been
used in recent benefits anayses for the proposed Industrid Boilers and Process Heaters MACT
standards and the Reciprocating Interna Combustion Engines MACT gtandards. One significant
limitation to this method is the inability to scde ozone-rdated benefits. Because ozoneisa
homogeneous gaseous pollutant formed through complex atmospheric photochemica processes, it is
not possible to gpportion ozone benefits to the precursor emissons of NOx and VOC. Coupled with
the potentia for NOx reductions to ether increase or decrease ambient ozone levels, this prevents us
from scaing the benefits associated with a particular combination of VOC and NOx emissions
reductions to another. A more detailed discussion is provided below. Because of our inability to scade
ozone benefits, we provide the ozone benefits results for the modeled preliminary control optionsasa
referent, but do not include ozone benefits as part of the monetized benefits of the proposed standards.
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For the most part, quantifiable ozone benefits do not contribute sgnificantly to the monetized benefits,
Thus, their omission will not maeridly affect the conclusons of the benefits andyss.

Table 9-1 ligts the known quantifiable and unquantifiable effects consgdered for thisandyss. It
isimportant to note that there are significant categories of benefits which can not be monetized (or in
many cases even quantified), resulting in asignificant limitation to thisandyds. Also, EPA currently
does not have gppropriate tools for modeling changesin ambient concentrations of CO or air toxics for
input into a nationd benefits andyss. They have been linked to numerous hedth effects; however, we
are unable to quantify the CO- or air toxics-reated health or welfare benefits of the Nonroad Diesdl
Enginerule a thistime.

The benefit analyss that we performed for our proposed rule can be thought of as having seven
parts, each of which will be discussed separately in the Sections that follow. These seven seps are:

1. Identification of proposed standards and ca culation of the impact that the proposed
gtandards will have on the nationwide inventories for NOx, non-methane hydrocarbons
(NMHC), ¢, and PM emissions throughout the rule implementation period;

2. Cdculdion of scding factors relating emissons changes resulting from the proposed
gtandards to emissions changes from a set of preliminary control options that were used to
develop modeled air quality and benefits (see Appendix 9A for full details).

3. Apportionment of modeled benefits of preiminary control optionsto NOx, SO,, and diesel
PM emissions (see Appendix 9A for a complete discussion of the modeling of the benefits
for the preliminary set of sandards).

4. Application of scaling factors to gpportioned modeled benefits associated with NOx, SO,
and PM in 2020 and 2030.

5. Development of intertemporal scaing factors based on 2020 and 2030 modeled air qudity
and benefits results.

6. Application of intertempord scding factors to the yearly emisson changes expected to
result from the proposed standards from 2010 through 2030 to obtain yearly monetized
benfits.

7. Cdculation of present vaue of stream of benefits.

This analys's presents estimates of the potential benefits from the proposed Nonroad Diesdl
Engine rule occurring in future years. The predicted emissions reductions that will result from the rule
have yet to occur, and therefore the actua changes in human health and welfare outcomes to which
economic values are ascribed are predictions. These predictions are based on the best available
scientific evidence and judgment, but there is unavoidable uncertainty associated with each step in the
complex process between regulation and specific health and welfare outcomes. Uncertainties
associated with projecting input and parameter values into the future may contribute sgnificantly to the
overal uncertainty in the benefits estimates. However, we make these projections to more completely
examine the impact of the program as the equipment fleet turns over.
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In genera, the chapter is organized around the steps laid out above. In section 1, we identify
the potentid sandard to andyze, establish the timeframe of the analys's, and summarize emissons
impacts. In section 2, we summarize the changes in emissons that were used in the preiminary
modeed benefits andysis and develop ratios of proposed to preliminary emissonsthat are used to
scae modeled benefits. In section 3, we summarize the modeled benefits associated with the emissions
changes for the preliminary control options and gpportion those benefits to the individua emisson
gpecies (NOx, SO,, and PM). In Section 4, we estimate the benefits in 2020 and 2030 for the
proposed standards, based on scaling of the modeled benefits of the preliminary control options. In
section 5, we develop intertermpora scaling factors based on the ratios of yearly emission changesto
the emission changes in 2020 and 2030 and estimate yearly benefits of the proposed standards, based
on scding of the benefitsin 2020 and 2030. Findly, in Section 6, we compare the estimated streams of
benefits and costs over the full implementation period, 2007 to 2030, to caculate the present vaue of
net benefits for the proposed standards.



Pollutant/Effect

Health and Wdfar e Effects of Pollutants Affected by the Proposed Nonroad Diesel Engine Rule

Quantified and Monetized in Base
and Alternative Estimates

Table9-1

Quantified and/or Monetized Effects
in Sensitivity Analyses

Unquantified Effects

PM/Health Premature mortality — long term Premature mortality — short term Low birth weight
exposures exposures Changesin pulmonary function
Bronchitis - chronic and acute Asthma attacks (asthmatic Chronic respiratory diseases other than chronic bronchitis
Hospital admissions - respiratory population) Morphological changes
and cardiovascular Respiratory symptoms (asthmatic Altered host defense mechanisms
Emergency room visits for asthma population) Cancer
Non-fatal heart attacks (myocardial Infant mortality Non-asthma respiratory emergency room visits
infarction) Changes in cardiac function (e.g. heart rate variability)
Lower and upper respiratory Allergic responses (to diesel exhaust)
illness
Minor restricted activity days
Work loss days
PM/WEelfare Visibility in California, Visibility in Northeastern,

Southwestern, and Southeastern
Class| areas

Northwestern, and
Midwestern Class | areas
Visibility in residential and non-Class|
aress
Household soiling




Pollutant/Effect

Ozone/Health

Quantified and Monetized in Base
and Alternative Estimates

Quantified and/or Monetized Effects
in Sensitivity Analyses

Unquantified Effects

Increased airway responsiveness to stimuli
Inflammation in the lung

Chronic respiratory damage

Premature aging of the lungs

Acute inflammation and respiratory cell damage
Increased susceptibility to respiratory infection
Non-asthma respiratory emergency room visits
Hospital admissions - respiratory

Emergency room visits for asthma

Minor restricted activity days

School loss days

Chronic Asthma®

Asthma attacks

Cardiovascular emergency room visits
Premature mortality — acute exposures®

Acute respiratory symptoms

Ozone/Welfare

Decreased commercial forest productivity

Decreased yields for fruits and vegetables

Decreased yields for commercial and non-commercia

crops

Damage to urban ornamental plants

Impacts on recreational demand from damaged forest
aesthetics

Damage to ecosystem functions

Decreased outdoor worker productivity




Pollutant/Effect

Quantified and Monetized in Base
and Alternative Estimates

Quantified and/or Monetized Effects
in Sengitivity Analyses

Unquantified Effects

Nitrogen and Costs of nitrogen controls to reduce Impacts of acidic sulfate and nitrate deposition on
Sulfate eutrophication in selected commercial forests
Deposition/ eastern estuaries Impacts of acidic deposition on commercial freshwater
Welfare fishing
Impacts of acidic deposition on recreation in terrestrial
ecosystems
Impacts of nitrogen deposition on commercia fishing,
agriculture, and forests
Impacts of nitrogen deposition on recreation in estuarine
ecosystems
Reduced existence values for currently healthy
ecosystems
sop/Hedlth Hospital admissions for respiratory and cardiac diseases
Respiratory symptomsin asthmatics
NOx/Hesalth Lung irritation
Lowered resistance to respiratory infection
Hospital Admissions for respiratory and cardiac diseases
CO/Health Premature mortality

Behaviora effects

Hospital admissions - respiratory, cardiovascular, and
other

Other cardiovascular effects

Developmental effects

Decreased time to onset of angina

Non-asthma respiratory ER visits




Pollutant/Effect Quantified and Monetized in Base
and Alternative Estimates

Quantified and/or Monetized Effects
in Sengitivity Analyses

Unquantified Effects

Cancer (diesd PM, benzene, 1,3-butadiene, formaldehyde,
acetaldehyde)

Anemia (benzene)

Disruption of production of blood components (benzene)

Reduction in the number of blood platelets (benzene)

Excessive bone marrow formation (benzene)

Depression of lymphocyte counts (benzene)

Reproductive and developmental effects (1,3-butadiene)

Irritation of eyes and mucous membranes (formaldehyde)

Respiratory and respiratory tract

Asthma attacks in asthmatics (formal dehyde)

Asthma-like symptoms in non-asthmatics (formal dehyde)

Irritation of the eyes, skin, and respiratory tract
(acetaldehyde)

Upper respiratory tract irritation & congestion (acrolein)

Direct toxic effects to animals
Bioaccumlation in the food chain
Reduced odors

& While no causal mechanism has been identified linking new incidences of chronic asthmato ozone exposure, two epidemiological studies shows a statistical
association between long-term exposure to ozone and incidences of chronic asthmain exercising children and some non-smoking men (McConnell, 2002;

McDonnell, et al., 1999).

® Premature mortality associated with ozone is not separately included in the calculation of total monetized benefits. It is assumed that the American Cancer
Saciety (ACS)/ Krewski, et al., 2000 C-R function we use for premature mortality captures both PM mortality benefits and any mortality benefits associated with

other air pollutants (ACS Krewski, et al., 2000).

¢ All non-methane hydrocarbons (NMHCs) listed in the table are also hazardous air pollutants listed in the Clean Air Act.
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9.1 Time Path of Emission Changes for the Proposed Standards

The proposed standards have various cost and emission related components, as described
earlier inthisRIA. These components would begin at various times and in some cases would phasein
over time. This meansthat during the early years of the program there would not be a consstent match
between cost and benefits. Thisis especidly true for the equipment control portions and initia fuel
changes required by the program, where the full equipment cost would be incurred &t the time of
equipment purchase, while the fud and maintenance cogts, aong with the emisson reductions and
benefits resulting from al these costs would occur throughout the lifetime of the equipment. Because of
this inconsistency and our desire to more appropriately match the costs and emisson reductions of our
program, our analysis examines costs and benefits throughout the period of program implementation.
This chapter focuses on estimating the stream of benefits over time and comparing streams of benefits
and costs. Detailed information on cost estimates can be found in chapters 6, 7 and 8 of thisRIA.

For the proposed standards, implementation will occur in two stages: reduction in sulfur content
of nonroad diesdl fud and adoption of controls on new engines. Because full turnover of the fleet of
nonroad diesel engines will not occur for many years, the emission reduction benefits of the proposed
gandards will not be fully redized until severd decades after the reduction in fuel sulfur content. The
timeframe for the analysis reflects this turnover, beginning in 2010 and extended through 2030.

Chapter 3 discussed the development of the 1996, 2020 and 2030 basgline emissions
inventories for the nonroad sector and for the sectors not affected by this proposed rule. The emission
sources and the basis for current and future-year inventories are listed in Table 9-2. Using these
modeled inventories, emissions with and without the proposed regulations are interpolated to provide
greams of emissons from the rule implementation date through full implementation in 2030. These
streams of emissions are presented in Chapter 3 and summarized in Table 9-3 for the species that form
the inputs to the benefits modeing. NOx and VVOC contribute to ambient ozone formation, while NOX,
SO,, NMHC/VVOC, and directly emitted PM, 5 emissions are precursors to ambient PM, 5 and PM
concentrations. Although the rule is expected to reduced CO and air toxics emissons as wel, we do
not include benefits related to these reductions in the benefits andysis due to alack of appropriate air
quality and exposure models.
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Table9-2
Emissions Sourcesand Basisfor Current and Future-Year Inventories
Emissions Source 1996 Base year Future-year Base Case Projections
Utilities 1996 NEI Version 3.12 Integrated Planning Modd (IPM)
(CEM data)
Non-Utility Point and Area | 1996 NEI BEA growth projections
sources Verson 3.12 (point)
Version 3.11 (area)
Highway vehides MOBILE5Sb mode with VMT projection data
MOBILES adjustment
factorsfor VOC and
NOX;
PART5 modd for PM
Nonroad engines (except NONROAD2002 model | BEA and Nonroad equipment growth
locomotives, commercid projections
marine vessdls, and aircraft)

Note: Full description of data, models, and methods applied for emissionsinventory development and modeling are
provided in the Emissions Inventory TSD (U.S. EPA, 2003a).

Table9-3.
Summary of 48-State Basdline Emissionsfor Nonroad Diesdl Enginesfor Key Emission
Species®

1,591,801 243,333 191,136 218,311

1,509,081 273,331 155,943 194,554

1,319,917 288,617 122,996 179,213

1,199,235 315,367 101,641 178,559

1,175,544 341,941 93,241 183,250

1,211,002 369,475 91,709 191,976

1,273,245 397,109 93,899 201,567

" Excludes Alaska and Hawaii
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Table 9-4 summarizes the expected changes in emissions of key species. o, emissonsare
expected to be reduced by over 90 percent within the first two years of implementation. Emissons of
NOx, NMHC, and PM, 5 are expected to be reduced gradually over the period of implementation
from 2007 to 2030. Overdl, NOx, SO,, NMHC, and PM,, s emissions are expected to decline by 65,
97, 30, and 63 percent, respectively, over the 2007 to 2030 implementation period.

Table 9-4.
Summary of Reduction in 48-State Emissions Attributable to Proposed Nonroad Diesdl
Engine Standards

Tons Reduced
(% of basdline)

VOC

1,007 270,977 90 21,864
(0.1%) (93.9%) (0.1%) (12.2%)

217,575 305,639 8,788 52,476
(18.1%) (96.9%) (8.6%) (29.4%)

503,701 331,840 18,033 85,254
(42.8%) (97.0%) (19.3%) (46.5%)
693,857 358,863 24,624 109,325

(57.3%) (97.1%) (26.9%) (56.9%)

821,911 385,932 29,487 126,910

(64.6%) (97.2%) (31.4%) (63.0%)

9.2 Development of Benefits Scaling Factors Based on Differencesin
Emission Impacts Between Proposed and Modeled Preliminary Control
Options

Based on the projected time paths for emissions reductions, we focused our detailed emissons
and air quality modding on two future years, 2020 and 2030, which reflect partid and close to
complete turnover of the fleet of nonroad diesel engines to rule compliant models. The emissons
changes modeled for these two years are smilar to those in the proposed standards, differing in the

9-10



Cost-Benefit Analysis

trestment of smdler engines and fudl requirements®. Table 9-5 summarizes the reductions in emissions
of NOx, SO,, and PM, 5 from basdline for the preliminary and proposed standards, the difference
between the two, and the ratio of emissons reductions from the proposed standards to the preliminary
control options. The ratios presented in the last column of Table 9-5 are the basis for the benefits
scaing approach discussed below.

Table9-5.
Comparison of 48-state Emission Reductionsin 2020 and 2030 Between Preliminary and
Proposed Standards

Emissions Species Reduction from Baseline Differencein Ratio of
Reductions Reductions
(Proposed- (Proposed/

Preliminary) Preliminary)

Preliminary Proposed

663,618 503,701 -159,917

414,692 331,840 -82,852

98,121 85,254 -12,867

1,009,744 821,911 -187,833

483,401 385,932 -97,469

138,208 126,910 -11,298

9.3 Summary of Modeled Benefits and Apportionment Method

Basad on the emissons inventories developed for the preliminary control option, we
conducted a benefits andysis to determine the air quality and associated human hedlth and welfare
benefits resulting from the reductions in emissions of NOx, SO,, NMHC/VOC, and PM2.5. Based on
the availability of ar quality and exposure modds, this summary focuses on reporting the hedth and
welfare benefits of reductions in ambient particulate matter (PM) and ozone concentrations. However,
health improvements may aso come from modest reductions in exposure to CO and air toxics.  The

AEmissions and air quality modeling decisions are made early in EPA’s analytical process. Since the preliminary
control scenario was developed, EPA has gathered more information regarding the technical feasibility of the
standards, and has revised the control scenario. For the reasons discussed in the preamble, EPA has decided not to
propose standards based on aftertreatment for certain of the smallest engine sizes. Section 3.6 of the RIA describes
the changes in the inputs and resulting emission inventories between the preliminary baseline and control scenarios
used for the air quality modeling and the proposed baseline and control scenarios.

9-11
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full andyssisavalablein Appendix 9A and the benefits Technica Support Document (TSD) (Abt
Associates, 2003).

The reductionsin emissions of NOx, SO,, and PM from nonroad enginesin the United States
are expected to result in wide-spread overdl reductions in ambient concentrations of ozone and
PM, . Theseimprovementsin air quality are expected to result in substantial hedth benfits, based on
the body of epidemiologica evidence linking PM and ozone with hedlth effects such as premature
mortdity, chronic lung disease, hospita admissons, and acute respiratory symptoms. Based on
modeled changes in ambient concentrations of PM,, 5 and 0zone, we estimate changesin the incidence
of each hedlth effect usng concentration-response (C-R) functions derived from the epidemiological
literature with gppropriate basdine populations and incidence rates. We then gpply estimates of the
dollar value of each hedlth effect to obtain a monetary estimate of the totd PM- and ozone-related
hedlth benefits of the rule. Wdfare effects are estimated using economic models which link changesin
physica damages (e.g., light extinction or agriculturd yields) with economic vaues.

9.3.1 Overview of Analytical Approach

This section summarizes the three steps involved in our analysis of the modded preiminary
control options: 1) Cdculation of the impact that a set of preliminary fuel and engine standards would
have on the nationwide inventories for NOx, NMHC, SO,, and PM emissions in 2020 and 2030; 2)
Air quality modeling for 2020 and 2030 to determine changes in ambient concentrations of ozone and
particulate matter, reflecting basdline and post-control emissons inventories, and 3) A benefits andysis
to determine the changesin human hedth and wefare, both in terms of physical effects and monetary
vaue, that result from the projected changes in ambient concentrations of various pollutants for the
modeled standards.

Wefollow a*damage-function” gpproach in caculating total benefits of the modeled changes
in environmenta quality. This goproach estimates changesin individua hedth and wdfare endpoints
(specific effects that can be associated with changesin air quality) and assigns vaues to those changes
assuming independence of the individua vaues. Totd benefits are cdculated Smply as the sum of the
vauesfor al non-overlapping hedth and welfare endpoints. This imposes no overdl preference
sructure, and does not account for potentia income or substitution effects, i.e. adding a new endpoint
will not reduce the vaue of changes in other endpoints. The “damage-function” approach isthe
gtandard gpproach for most cost-benefit andyses of regulations affecting environmental qudity, and it
has been used in severd recent published analyses (Banzhaf et d., 2002; Levy et d, 2001; Kunzli et d,
2000; Levy et d, 1999; Ostro and Chestnut, 1998). Time and resource constraints prevented us from

B Reductionsin NOx are expected to result in some localized increases in ozone concentrations, especialy in
NOx-limited large urban areas, such as Los Angeles, New Y ork, and Chicago. A fuller discussion of this
phenomenon is provided in Chapter 2.3. While localized increases in ozone will result in some increasesin health
impacts from ozone exposure in these areas, on net, the reductions in NOXx are expected to reduce national levels of
health impacts associated with ozone.
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performing extensve new research to measure either the health outcomes or their vauesfor this
andyss. Thus, amilar to these studies, our estimates are based on the best available methods of
benefits trandfer. Benefits transfer is the science and art of adapting primary research from smilar
contexts to obtain the most accurate measure of benefits available for the environmenta qudity change
under anayss.

There are Sgnificant categories of benefits that can not be monetized (or in many cases even
quantified), and thus they are not included in our accounting of hedth and welfare benefits. These
unquantified effects include infant mortaity, low birth weight, changes in pulmonary function, chronic
respiratory diseases other than chronic bronchitis, morphologica changes, dtered host defense
mechanisms, non-fatal cancers, and non-asthma respiratory emergency room visits. A complete
discusson of PM related hedth effects can be found in the PM Criteria Document (U.S. EPA, 1996).
Since many hedlth effects overlap, such as minor redricted activity days and asthma symptoms, we
made assumptions intended to reduce the chances of “double-counting” hedth benefits, which may
have lead to an underestimate of the total health benefits of the pollution controls.

9.3.2 Air Quality Modding

We used a national-scae verson of the REgiona Modeing System for Aerosols and
Deposition (REMSAD version 7) to estimate PM air quaity in the contiguous United States. We used
the Comprehensive Air Quality Modd with Extensons (CAMX) to estimate ambient ozone
concentrations®, using two domains representing the Eastern and Western U.S. These models are
discussed inthe air qudity TSD for thisrule.

9.3.2.1 PM Air Quality Modding with REM SAD

REMSAD is appropriate for evauating the impacts of emissons reductions from nonroad
sources, because it accounts for spatid and temporal variations aswel as differencesin the reactivity of
emissions. The annual county level emission inventory data described in Chapter 3 was speciated,
temporaly dlocated and gridded to the REMSAD modding domain to smulate PM concentrations for
the 1996 base year and the 2020 and 2030 base and control scenarios. Peer-reviewed for the EPA,
REMSAD isathree-dimensond grid-based Eulerian air quaity model designed to estimate annud
particulate concentrations and deposition over large spatia scales (Seigneur et d., 1999). Each of the
future scenarios was Smulated usng 1996 meteorologica data to provide daily averages and annud
mean PM concentrations required for input to the concentration-response functions of the benefits
andyss. Detals regarding the gpplication of REMSAD Version 7 for thisandyss are provided in the

%In the benefits analysis of the recent Heavy Duty Engine/Diesel Fuel rule, we used the Urban Airshed Model
Variable-Grid (UAM-V) to estimate ozone concentrations in the Eastern U.S. CAMXx has a number of improvements
relative to UAM and has improved model performance in the Western U.S. Details on the performance of CAMx can
be found in Chapter 2 aswell asthe Air Quality Modeling TSD (U.S. EPA, 2003b).
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Air Qudity Modding TSD (U.S. EPA, 2003b). Thisversion reflects updatesin the following areas to
improve performance and address comments from the 1999 peer-review:

1. Gas phase chemigtry updates to “micro-CB4" mechanisam including new treatment for
the NO3 and N205 species and the addition of several reactions to better account for
the wide ranges in temperature, pressure, and concentrations that are encountered for
regiona and nationa gpplications.

2. PM chemistry updates to caculate particulate nitrate concentrations through use of the
MARS-A equilibrium agorithm and internd calculation of secondary organic aerosols
from both biogenic (terpene) and anthropogenic (estimated aromatic) VOC emissions.

3. Aqueous phase chemistry updates to incorporate the oxidation of SO, by O3 and O2
and to include the cloud and rain liquid water content from MM5 meteorologicad data
directly in sulfate production and deposition caculations.

Asdiscussed earlier in Chapter 2, the mode tends to underestimate observed PM, 5 concentrations
nationwide, especialy over the western U.S.

9.3.2.2 Ozone Air Quality Modeling with CAMx

We use the emissions inputs described in Chapter 3 with aregiona-scae verson of CAMX to
edimate ozone air qudity in the Eastern and Western U.S. CAMX is an Eulerian three-dimensiond
photochemica grid air quaity model designed to cdculate the concentrations of both inert and
chemicaly reactive pollutants by smulating the physica and chemica processes in the atmosphere that
affect ozone formation. Because it accounts for spatid and tempord variations as well as differencesin
the reactivity of emissons, the CAMX is useful for evauating the impacts of the proposed rule on U.S.
ozone concentrations. As discussed earlier in Chapter 2, dthough the modd tends to underestimate
observed ozone, especialy over the western U.S,, it exhibits less bias and error than any past regiona
ozone modding gpplication conducted by EPA (i.e,, OTAG, On-highway Tier-2, and HD
EngineDied Fud).

Our analysis applies the modeling system separately to the Eastern and Western U.S. for five
emissons scenarios. a 1996 baseline projection, a 2020 basdine projection and a 2020 projection with
nonroad controls, a 2030 baseline projection and a 2030 projection with nonroad controls. As
discussed in detail in the technica support document, a 1996 base year assessment is necessary
because the relative mode predictions are used with ambient air qudity observations from 1996 to
determine the expected changes in 2020 and 2030 ozone concentrations due to the modeled emission
changes (Abt Associates, 2003). These results are used soldly in the benefits analysis.
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Asdiscussed in more detail in Chapter 2.3, our ozone air quaity modeling showed thet the
NOx emissions reductions from the preiminary modeled standards are projected to result in increases
in ozone concentrations for certain hours during the year, especidly in urban, NOx-limited areas. Most
of these increases are expected to occur during hours where ozone levels are low (and often below the
one-hour ozone standard). However, most of the country experiences decreases in 0zone
concentrations for most hoursin the year.

9.3.3 Health Effect Concentration-Response Functions

Hedth benefits for this analysis are based on hedth effect incidence changes due to predicted
ar quaity changesin the years 2020 and 2030. Integral to the estimation of such benfitsisa
reasonable estimate of future population projections. The underlying data used to create county-level
2020 and 2030 population projections is based on county level alocations of national population
projections from the U.S. Census Bureau (Hollman, Mulder and Kallan, 2000). County-level
alocations of populations by age, race, and sex are based on economic forecasting models devel oped
by Woods and Poole, Inc, which account for patterns of economic growth and migration. Growth
factors are calculated using the Woods and Poole data and are applied to 2000 U.S. Census data.

Fundamental to the estimation of hedlth benefits was our utilization of the PM and ozone
epidemiology literature. We rely upon C-R functions derived from published epidemiologicd studies
that relate health effects to ambient concentrations of PM and ozone. The specific studies from which
C-R functions are drawn are listed in Table 9-5. While abroad range of serious hedth effects have
been associated with exposure to eevated PM and ozone levels, we include only a subset of hedth
effectsin this benefit andyss due to limitations in available C-R functions and concerns about double-
counting of overlapping effects (U.S. EPA, 1996).

To generate health outcomes, projected changesin ambient PM and ozone concentrations
were put into the Criteria Air Pollutant Modeling System (CAPMYS), a customized Gl S-based
program. CAPMS aggregates population to air quaity model grids and caculates changesin air
pollution metrics (e.g., daily averages) for input into C-R functions. CAPMS uses grid cell leve
population data and changes in pollutant concentrations to estimate changes in hedlth outcomes for each
grid cell. Details on the gpplication of CAPMSfor this andysis are provided in a separate report (Abt
Associates, 2003).

The basdine incidences for health outcomes used in our anayses are selected and adapted to
match the specific populations sudied. For example, we use age- and county-specific basdine total
mortality rates in the estimation of PM-related premature mortdity. County-leve incidence rates are
not available for other endpoints. We used nationd incidence rates whenever possible, because these
data are most gpplicable to a national assessment of benefits. However, for some studies, the only
available incidence information comes from the studies themsdves; in these cases, incidence in the study
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population is assumed to represent typica incidence at the nationa level. Sources of basdline incidence
rates are reported in Table 9-6.

In this assessment we made andyticd judgements affecting both the sdection of C-R functions
and the gpplication of those functions in estimating impacts on hedth outcomes. Some of the more
important of these are discussed below. Alternative assumptions about these judgements may lead to
subgtantialy different results and they are explored using appropriate sengitivity anayses provided in
Appendix 9B.

Premature Mortality

Asinthe Kunzli et d. (2000) andysis, we focus on the prospective cohort long-term exposure
gudiesin deriving the C-R function for our base estimate of premature mortality. Cohort andyses are
better able to capture the full public hedth impact of exposureto air pollution over time (Kunzli, 2001;
NRC, 2002). We sdected a C-R function from the re-analysis of the American Cancer Society
(ACS) study conducted for the Hedlth Effects Ingtitute (Pope et a., 1995; Krewski et d; 2000)°. The
selected C-R function relates premature mortality and mean PM., 5 levels rather than median levels as
used in the origind ACS andyss. For policy andys's purposes, functions based on the mean ar qudity
levels may be preferable to functions based on the median air quality levels because changesin the
mean more accurately reflect the changes in peak vaues targeted by many policies than do changesin
the median.

To reflect concerns about the inherent limitations in the number of studies supporting a causal
association between long-term exposure and mortdity, an Alternative benefit estimate for premature
mortality was derived from the large number of time-series studies that have established alikely causal
relationship between short-term measures of PM and daily mortdity datistics.  The Alternative
Edtimate assumes that there is no mortdity effect of chronic exposuresto fine particles. Instead, it
assumes that the full impact of fine particles on premature mortdity can be cagptured using a
concentration-response function relating daily mortdity to short-term fine particle levels. Thiswill
clearly provide alower bound to the mortality impacts of fine particle exposure, asit omits any
additional mortality impacts from longer term exposures. Specifically, a concentration- response
function based on Schwartz et d. (1996) is employed, with an adjustment to account for recent
evidence that daily mortdity is associated with particle levels from a number of previous days
(Schwartz, 2000).

Chronic IlIness

PA recent analysis (Pope et al, 2002) reexamines the ACS cohort using alonger follow-up period. We have
examined how using aternative C-R functions derived from this new study impact our resultsin a sensitivity
analysis presented in Appendix 9B.
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Although there are severd sudies examining the relaionship between PM of different sze
fractions and incidence of chronic bronchitis, we use a sudy by Abbey et d (1995) to obtain our
estimate of avoided incidences of chronic bronchitis, because Abbey et d (1995) isthe only available
estimate of the relationship between PM,, 5 and chronic bronchitis. Based on the Abbey et d study, we
esimate the number of new chronic bronchitis cases that will “reverss” over time and subtract these
reversals from the estimate of avoided chronic bronchitisincidences. Reversdsrefer to those cases of
chronic bronchitis that were reported at the start of the Abbey et d. survey, but were subsequently not
reported at the end of the survey. Since we assume that chronic bronchitisis a permanent condition,
we subtract these reversds. Given the rdatively high vaue assgned to chronic bronchitis, this ensures
that we do not overstate the economic vaue of this hedlth effect.

Non-fata heart attacks have been linked with short term exposuresto PM, 5 inthe U.S.
(Peters et d, 2001) and other countries (Poloniecki et a, 1997). We use arecent study by Peters et
a. (2001) asthe bassfor the C-R function estimating the relationship between PM,, 5 and non-fatal
heart attacks. Peterset d isthe only available U.S. study to provide a specific estimate for heart
attacks. Other studies, such as Samet et d (2000) and Moolgavkar et a (2000) show a consstent
relationship between al cardiovascular hospital admissons, including for non-fatd heart attacks, and
PM. Given thelasting impact of a heart attack on longer-term hedlth costs and earnings, we choose to
provide a separate estimate for non-fatal heart attacks based on the single available U.S. C-R function.
The finding of a specific impact on heart attacks is consstent with hospital admisson and other sudies
showing relationships between fine particles and cardiovascular effects both within and outsde the U.S.
These sudies provide aweight of evidence for thistype of effect. Severd epidemiologic studies (Liao
et d, 1999; Gold et &, 2000; Magari et a, 2001) have shown that heart rate variability (an indicator of
how much the heart is able to speed up or dow down in response to momentary stresses) is negatively
related to PM levels. Heart rate variability isarisk factor for heart attacks and other coronary heart
diseases (Carthenon et al, 2002; Dekker et d, 2000; Liao et d, 1997, Tsuji et d. 1996). Assuch,
sgnficant impacts of PM on heart rate variahility is consstent with an increased risk of heart attacks.

Hospital Admissions and Respiratory IlInesses

Most emergency room (ER) visits do not result in an admission to the hospital. Our estimates
of hospita admisson costs do not include the costs of preadmission to the ER. Therefore we estimate
both hospital admissions and ER vigits and treat them as additive effects. Because we are estimating
the incidence of non-fatal heart attacks separately, and the economic vaues assgned to heart attacks
includes hospital costs, we subtract basdine heart attack admissions from the cardiovascular hospital
admission basdline incidence rate to avoid doublecounting benefits associated with reducing incidences
of non-fatal heart attacks.

For respiratory symptom related endpoints, we use avariety of C-R functions covering

different symptoms and age groups. Whilethereis a consstent body of evidence supporting a
relationship between respiratory symptoms and PM and ozone exposure, thereis often only asingle
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study of a specific endpoint covering a specific age group. There may be multiple estimates examining
subgroups (i.e. asthmatic children). However, for the purposes of ng nationa population level
benefits, we chose the most broadly applicable C-R function to more completely capture hedlth benefits
in the generd population. Estimates for subpopulations are provided in Appendix 9A.

Based on areview of the recent literature on hedlth effects of PM exposure (Danielset d.,
2000; Pope et al, 2002; Ross et a., 1999; Schwartz, 2000), we chose for the purposes of thisandysis
to assume that PM-related hedlth effects occur down to natura background (i.e. there is no hedth
effects threshold). We assumethat dl of the C-R functions are continuous and differentiable down to
naturd background levels. In addition, we explore thisimportant assumption in a sendtivity andyss
described in Appendix 9B.

9.3.4 Economic Valuesfor Health Outcomes

Reductions in ambient concentrations of air pollution generdly lower therisk of future adverse
hedth affects by afarly smal amount for alarge population. The appropriate
economic measure is therefore willingness-to-pay (WTP) for changesin risk prior to the regulation
(Freeman, 1993). For some hedth effects, such as hospitd admissons, WTP estimates are generdly
not available. In these cases, we use the cost of tregting or mitigating the effect as a primary estimate,
These cogts of illness (COI) estimates generdly underdate the true value of reductionsin risk of a
hedlth effect, reflecting the direct expenditures related to treatment but not the value of avoided pain and
auffering from the hedth effect (Harrrington and Portnoy, 1987; Berger, 1987). Unit vauesfor hedth
endpoints are provided in Table 9-7. All values arein constant year 2000 dollars.

It is currently unknown whether thereis a delay between changesin chronic PM exposures
and changes in mortdity rates. The existence of such atime lag isimportant for the vauation of
premature mortaity incidences as economic theory suggests benefits occurring in the future should be
discounted relative to benefits occurring today. Although there is no specific scientific evidence of a
PM effects lag, current scientific literature on adverse hedlth effects associated with smoking and the
difference in the effect 9ze between chronic exposure studies and daily mortaity studies suggest that dl
incidences of premature mortdity reduction associated with a given incremental change in PM exposure
would not occur in the same year as the exposure reduction. This literature impliesthat lags of afew
years are plausible. For our base estimate, we have assumed afive-year distributed lag structure, with
25 percent of premature deaths occurring in the first year, another 25 percent in the second year, and
16.7 percent in each of the remaining three years. To account for the preferences of individuas for
current risk reductions relative to future risk reductions, we discount the value of avoided premature
mortalities occurring beyond the andytica year (2020 or 2030) using three and seven percent discount
rates. No lag adjustment is necessary for the dternative estimate, which focuses on premature mortality
occurring within afew days of the PM exposure.
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Our analyss accounts for expected growth in redl income over time. Economic theory argues
that WTP for most goods (such as environmenta protection) will increase if red incomesincrease. The
economics literature suggests that the severity of a hedlth effect isa primary determinant of the strength
of the relationship between changesin red income and WTP (Alberini, 1997; Miller, 2000; Evans and
Viscus, 1993). As such, we use different factors to adjust the WTP for minor hedlth effects, severe
and chronic hedlth effects, and premature mortality. We dso adjust WTP for improvementsin
recregtiond vishility. Adjustment factors used to account for projected growth in real income from
1990 to 2030 are 1.09 for minor health effects, 1.33 for severe and chronic hedlth effects, 1.29 for
premature mortality, and 1.79 for recrestiond vishbility. Adjustment factors for 2020 are 1.08 for minor
hedlth effects, 1.30 for severe and chronic hedth effects, 1.26 for premature mortdity, and 1.70 for
recregtiond vighility. Note that due to alack of reliable projections of income growth past 2024, we
assume congtant WTP from 2024 through 2030. Thiswill result in an underestimate of benefits
occurring between 2024 and 2030. Details of the caculation of the income adjustment factors are
provided in Appendix 9A.

For two endpoints, premature mortality and chronic bronchitis, we provide both a base
vauation estimate, reflecting the best available scientific literature and methods, and an dterndtive
estimate, reflecting different assumptions about the vaue of reducing risks of premature death and
chronic bronchitis. Following the advice of the EEAC of the SAB, The base estimate uses the VSL
goproach in caculating the primary estimate of mortdity benefits, because we bdieve this caculation to
provide the most reasonable single estimate of an individud’ s willingness to trade off money for
reductionsin mortality risk (EPA-SAB-EEAC-00-013). The mean vdue of avoiding one Statistica
desth (the VSL) is estimated to be $6.3 million in constant 2000 dollars. This represents an
intermediate vaue from a variety of estimates that gppear in the economics literature, and itisavaue
EPA has frequently used in RIAsfor other rules and in the Section 812 Reports to Congress. The
Alternative Estimate reflects the impact of changes to key assumptions associated with the vauation of
mortdity. Theseinclude 1) theimpact of using wage-risk and contingent valuation-based vaue of
datigtica life esimates in vauing risk reductions from ar pollution as opposed to contingent valuation-
based estimates alone, 2) the relationship between age and willingness-to-pay for fatal risk reductions,
and 3) the degree of prematurity in mortdities from air pollution. [THISALTERNATIVE
VALUATION APPROACH ISBEING REVISED PER COMMENTS RECEIVED FROM OMB
AND WILL BE UPDATED IN A FUTURE DRAFT]

9.3.5 Wdfare Effects

Our andysis examines two categories of wefare effects vishility in asubset of nationd parks
and changes in consumer and producer surplus associated with changes in agriculturd yields. There are
anumber of other environmentd effects which may affect human welfare, but due to alack of
appropriate physica effects or vauation methods, we are unable to quantify or monetize these effects
for our andysis of the nonroad standards.
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9.3.5.1 Visility Benefits

Changesin the level of ambient particulate matter caused by the reduction in emissons from
the prdiminary control options will change the levd of vighility in much of the U.S. Vishility directly
affects peopl€ s enjoyment of avariety of daily activities. Individuas vaue vishility both in the places
they live and work, in the places they travel to for recreationa purposes, and at stes of unique public
vaue, such as the Grand Canyon.

For the purposes of this andyss, vighility improvements were valued only for alimited set of
mandatory federd Class| areas. Benefits of improved visibility in the places people live, work, and
recregte outside of these limited set of Class | areas were not included in our estimate of total benefits,
dthough they are examined in a sengtivity andyss presented in Appendix 9B. All householdsin the
U.S. are assumed to derive some benefit from improvementsin Class | aress, given their nationa
importance and high vigtation rates from populations throughout the U.S. However, vdues are
assumed to be higher if the Class | areais located close to their homeF We use the results of a 1988
contingent vauation survey on recreationa vighility vaue (Chestnut and Rowe, 1990 1990b) to
derive vaues for vishility improvements. The Chestnut and Rowe study measured the demand for
visihility in Class | areas managed by the Nationa Park Service (NPS) in three broad regions of the
country: Cdifornia, the Southwest, and the Southeast. The Chestnut and Rowe study did not measure
vauesfor vighility improvement in Class | areas outsde the three regions. Their study covered 86 of
the 156 Class | areasinthe U.S. We can infer the vaue of vishility changesin the other Class| areas
by transferring values of vishility changes a Class| areasin the study regions. However, these vaues
are less certain and are thus presented only as an sengtivity estimate in Appendix 9B.

A generd willingness to pay equation for improved vishility (measured in deciviews) was
developed as afunction of the basdine levd of vighility, the magnitude of the vighility improvement,
and household income. The behavioral parameters of this equation were taken from analysis of the
Chestnut and Rowe data. These parameters were used to cdibrate WTP for the visbility changes
resulting from the Nonroad Diesdl Enginerule. The method for developing cdlibrated WTP functionsis
based on the gpproach developed by Smith, et d. (2002), and is described in detail in the benefits
technica support document (Abt Associates, 2003). One mgjor source of uncertainty for the visibility
benefit estimate is the benefits trandfer process used.  Judgments used to choose the functiond form and
key parameters of the estimating equation for willingness to pay for the affected population could have
ggnificant effects on the sze of the estimates. Assumptions about how individuas respond to changes
invighility that are either very small, or outside the range covered in the Chestnut and Rowe study,
could also affect the results.

E For details of the visibility estimates discussed in this section, please refer to the benefits technical support
document for this RIA (Abt Associates 2003).
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9.3.5.2 Agricultural Benefits

Laboratory and field experiments have shown reductions in yields for agronomic crops
exposed to ozone, including vegetables (e.g., lettuce) and field crops (e.g., cotton and whesat). The
economic vaue asociated with varying levels of yield loss for ozone-sensitive commodity cropsis
andyzed using the AGSIM® agricultura benefits moddl (Taylor, et d., 1993). AGSIM®isan
econometric-amulation modd that is based on alarge set of Satisticaly estimated demand and supply
equations for agriculturd commodities produced in the United States.

The model employs biologica exposure-response information derived from controlled
experiments conducted by the NCLAN (NCLAN, 1996). For the purpose of our anadyss, we andyze
changes for the Sx most economicaly sgnificant crops for which C-R functions are available: corn,
cotton, peanuts, sorghum, soybean, and winter wheat. For some crops there are multiple C-R
functions, some more sengtive to ozone and some less. Our base estimate assumes that crops are
evenly mixed between rdatively sengtive and relatively insengtive varieties.

The measure of benefits calculated by the AGSIM®modd is the net change in consumer and
producer surplus from basdline o0zone concentrations to the 0zone concentrations resulting from
emisson reductions. Using the basdline and post-control equilibria, the mode caculates the change in
net consumer and producer surplus on a crop-by-crop basis. Dollar values are aggregated across
crops for each standard. Thetotd dollar vaue represents a measure of the change in socia welfare
associated with changes in ambient ozone.

9.3.5.2 Other Welfare Benefits

Ozone dso has been shown conclusively to cause discernible injury to forest trees (US EPA,
1996; Fox and Mickler, 1996). In our previous analyss of the HD Engine/Diesdl Fue rule, we were
able to quantify the effects of changesin ozone concentrations on tree growth for alimited set of
gpecies. Dueto data limitations, we were not able to quantify such impacts for thisanalyss. We plan
to assess both physica impacts on tree growth and the economic vaue of those phyisica impactsin our
andysisof thefind rule. We will use econometric models of forest product supply and demand to
estimate changesin prices, producer profits and consumer surplus.

An additiona welfare benefit expected to accrue as aresult of reductions in ambient ozone
concentrations in the U.S. is the economic vaue the public receives from reduced aesthetic injury to
forets. Thereis sufficient scientific information available to rdiably establish that ambient ozone levels
cause vishleinjury to foliage and impair the growth of some sensitive plant species (US EPA, 1996c,
p. 5-521). However, present andytic tools and resources preclude EPA from quantifying the benefits
of improved forest aesthetics.
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Urban ornamentals represent an additiona vegetation category likely to experience some
degree of negative effects associated with exposure to ambient ozone levels and likely to impact large
economic sectors. In the absence of adequate exposure-response functions and economic damage
functions for the potentia range of effects relevant to these types of vegetation, no direct quantitative
economic benefits analysis has been conducted.

The nonroad diesal standards, by reducing NOy emissions, will dso reduce nitrogen
deposition on agriculturd land and forests. There is some evidence that nitrogen deposition may have
positive effects on agricultura output through passive fertilization. Holding al other factors congtarnt,
farmers use of purchased fertilizers or manure may increase as deposited nitrogen is reduced.
Edtimates of the potentia vaue of this possible increase in the use of purchased fertilizers are not
avalable but it islikely that the overdl vdueis very samdl reaive to other hedth and wefare effects.

The nonroad diesel standards are aso expected to produce economic benefits in the form of
reduced materids damage. There are two important categories of these benefits. Household soiling
refersto the accumulation of dirt, dust, and ash on exposed surfaces. Criteria pollutants a'so have
corrosive effects on commercid/industria buildings and structures of culturd and higtorica sgnificance.
The effects on higtoric buildings and outdoor works of art are of particular concern because of the
uniqueness and irreplaceability of many of these objects.

Previous EPA benefit anayses have been able to provide quantitative estimates of household
soiling damage. Congstent with SAB advice, we determined that the existing data (based on consumer
expenditures from the early 1970's) are too out of date to provide areliable enough estimate of current
household soiling damages (EPA-SAB-Council-ADV-003, 1998) to include in our base estimate. We
caculate household soiling damages in a sensitivity estimate provided in Appendix 9B.

EPA is unable to estimate any benefits to commercid and indudtrid entities from reduced
materids damage. Nor is EPA able to estimate the benefits of reductionsin PM-related damage to
higtoric buildings and outdoor works of art. Existing Studies of damage to this latter category in
Sweden (Grosclaude and Sogud, 1994) indicate that these benefits could be an order of magnitude
larger than household soiling benefits.

Reductionsin emissions of diesel hydrocarbons that result in unpleasant odors may also lead to
improvements in public welfare. The magnitude of this benefit is very uncertain, however, Lareau and
Rae (1989) found a significant and positive WTP to reduce the number of exposures to diesdl odors.
They found that households were on average willing to pay around $20 to $27 (2000$) per year for a
reduction of one exposure to intense diesd odors per week (trandating thisto anationd level, for the
approximately 125 million households in 2020, the total WTP would be between $2.5 and $3.4 billion
annudly). Ther results are not in aform that can be transferred to the context of this analys's, but the
generd magnitude of their results suggests this could be a significant welfare benefit of the rule.
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The effects of ar pollution on the hedth and stahility of ecosystems are potentidly very
important, but are at present poorly understood and difficult to measure. The reductionsin NOy
caused by the proposed rule could produce significant benefits. Excess nutrient loads, especidly of
nitrogen, calise avariety of adverse consequences to the hedlth of estuarine and coasta waters. These
effects include toxic and/or noxious algal blooms such as brown and red tides, low (hypoxic) or zero
(anoxic) concentrations of dissolved oxygen in bottom waters, the loss of submerged aguatic vegetation
due to the light-filtering effect of thick algd mats, and fundamental shifts in phytoplankton community
structure (Bricker et ., 1999).

Direct C-R functions relating changesin nitrogen loadings to changes in estuarine benefits are
not available. The preferred WTP based measure of benefits depends on the availability of these C-R
functions and on estimates of the vaue of environmenta responses. Because neither appropriate C-R
functions nor sufficient information to estimate the margind vaue of changesin water qudity exist a
present, calculation of a WTP measure is not possible.

If better models of ecologica effects can be defined, EPA believes that progress can be made
in estimating WTP measures for ecosystem functions.  For example, if nitrogen or sulfate loadings can
be linked to measurable and definable changes in fish populations or definable indexes of biodiversty,
then CV dudies can be designed to dicit individuals WTP for changesin these effects. Thisisan
important area for further research and andys's, and will require close collaboration among air quaity
modelers, natura scientists, and economids.

9.3.6 Treatment of Uncertainty

In any complex andyss, there are likely to be many sources of uncertainty. Thisandyssisno
exception. Many inputs are used to derive the final estimate of economic benefits, including emisson
inventories, air quaity models (with their associated parameters and inputs), epidemiologica estimates
of C-R functions, estimates of vaues, population estimates, income estimates, and estimates of the
future gate of the world (i.e., regulations, technology, and human behavior). Some of the key
uncertainties in the benefits andyss are presented in Table 9-8. For some parameters or inputs it may
be possible to provide agatistica representation of the underlying uncertainty distribution. For other
parameters or inputs, the necessary information is not available.

In addition to uncertainty, the annua benefit estimates presented in thisanalyss are dso
inherently variable due to the truly random processes that govern pollutant emissons and ambient air
quaity in agiven year. Factors such as hours of equipment use and weather display congtant variability
regardless of our ability to accurately measure them. As such, the estimates of annud benefits should
be viewed as representative of the magnitude of benefits expected, rather than the actual benefits that
would occur every year.
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We present a base estimate of the total benefits, based on the best available scientific literature
and methods, an dternative estimate based on severd important dternative assumptions about the
esimation and vauation of reductions in premature mortality and chronic bronchitis. We aso provide
sengtivity andysesto illudrate the effects of uncertainty about key andyticd assumptions. Our andys's
of the preliminary control options did not included forma integrated probabilistic uncertainty analyses,
athough we have conducted severa sengitivity tests and have andyzed afull Alternative EStimate based
on changesto severa key modd parameters. The recent NAS report on estimating public health
benefits of air pollution regulations recommended that EPA begin to move the assessment of
uncertainties from its ancillary analyses into its primary analyses by conducting probabilistic, multiple-
source uncertainty analyses. We are working to implement these recommendations, however, for this
proposa we do not attempt to assign probabilities to sengtivity estimates due to alack of peer-
reviewed methods. We plan to better characterize some of this uncertainty, especidly regarding
mortdity-related benefitsin the RIA to accompany thefind rule.

9.3.7 Model Results

Full implementation of the modeled preiminary control optionsis projected in 2020 to reduce
48-gtate emissions of NOx by 663,600 tons (58 percent of landbased nonroad emissions), SO, by
305,000 tons (98.9 percent), VOC by 23,200 tons (24 percent) and directly emitted PM, 5 by 91,300
tons (71 percent). 1n 2030, the modeled preliminary control options are expected to reduce 48-state
emissions of NOx by 1 million tons (82 percent), SO, by 359,800 tons (99.7 percent), VOC by
34,000 tons (35 percent) and direct PM by 129,000 tons (90 percent).

Based on these projected emission changes, REMSAD modeing results indicate the pollution
controls generate greater absolute air quaity improvements in more populated, urban areas. Therule
will reduce average annua mean concentrations of PM, s acrossthe U.S. by roughly 2.5 percent (or
0.2 ug/m?®) and 3.4 percent (or 0.28 pg/n) in 2020 and 2030, respectively. The population-weighted
average mean concentration declined by 3.3 percent (or 0.42 pug/m?) in 2020 and 4.5 percent (or 0.59
pg/n?) in 2030, which is much larger in absolute terms than the spatia average for both years. Table 9-
9 presents information on the distribution of modeled reductions in ambient PM concentrations across
populaionsin the U.S. Significant populations live in areas with meaningful reductionsin annua mean
PM,, 5 concentrations resulting from the pollution controls. As shown, dightly over 50 percent will live
in areas with reductions of greater than 0.5 ug/n. Thisinformation indicates how widespread the
improvementsin PM air quality are expected to be.

Applying the C-R functions described in Table 9-5 to the estimated changesin PM,, 5 and
ozone yields estimates of the number of avoided incidences for each health outcome. These estimates
are presented in Table 9-10 for the 2020 and 2030 model anadlysisyears. To provide estimates of the
monetized benefits of the reductionsin PM-related health outcomes described in Table 9-10, we
multiply the point estimates of avoided incidences by unit vaues. Vdues for wefare effects are based
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on application of the economic moddls described above. The estimated total monetized health and
welfare benefits are presented in Table 9-11.

The largest monetized health benefit is associated with reductionsin the risk of premature
mortality, which accounts for over $80 billion, or over 90 percent of total monetized health benfits.
The next isfor chronic illness reductions (chronic bronchitis and nonfatd heart attacks), dthough this
valueis more than an order of magnitude lower than for premature mortaity. Minor redtricted activity
days, work loss days, and hospital admissions account for the mgority of the remaining benefits. While
the other categories account for less than $100 million each, they represent alarge number of avoided
incidences affecting many individuds.

Ozone benefits are in aggregate pogtive for the nation. However, due to 0zone increases
occurring during certain hours of the day in some urban areas, in 2020 the net effect isan increasein
ozone-related minor restricted activity days (MRAD), which are related to changesin daily average
ozone (which includes hours during which ozone levels are low, but are increased relative to the
basdline). However, by 2030, there is a net decrease in ozone-related MRAD congstent with
widespread reductions in 0zone concentrations from the increased NOx emissions reductions. Note
that in both years, the overdl impact of changesin both PM and ozone is alarge decrease in the
number of MRAD. Overdl, ozone benefits are low relative to PM benefits for smilar endpoint
categories because of the increases in 0zone concentrations during some hours of some daysin certain
urban areas. For amore complete discussion of thisissue, see Chapter 2.

Wdfare benefits are far outweighed by hedth benefits, partly due to the incomplete coverage
of important welfare categories, including the vaue of changesin ecosystems from reduced deposition
of nitrogen and sulfur. The wefare benefits we are able to quantify are dominated by the vaue of
improved vighility. Vighility benefitsjust in the limited set of parksincluded in the monetized tota
benefit estimate are over $2 billion in 2030. Agriculturd benefits, while smal relative to visibility
benefits, are Sgnificant relative to ozone-relaed hedth benefits, representing the largest sngle benefit
category for ozone.
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Table 9-6. Endpoints and Studies Used to Calculate Total Monetized Health Benefits

ndpoint

Pollut
ant

Applied
Population

Sour ce of Effect Estimate(s)

Sour ce of Baseline
Incidence

Premature Mortality

Base— Long-term PM,: [>29years Krewski, et a. (2000) CDC Wonder (1996-1998)
Exposure
Alternative— Short-term  [PM . fall ages Schwartz et al. (1996) adjusted CDC Wonder (1996-1998)
EXposure using ratio of distributed lag to
single day coefficients from
Schwartz et a. (2000)
hronic Iliness
hronic Bronchitis PM,; [J> 26 years Abbey, et al. (1995) 1999 HIS (American Lung
Association, 2002b, Table
4); Abbey et al. (1993,
Table 3)
on-fatal Heart Attacks PM,s JAdults Peters et al. (2001) 1999 NHDS public use data
files, adjusted by 0.93 for
prob. of surviving after 28
days (Rosamond et d .,
1999)
ospital Admissions
Respiratory 0O, > 64 years Pooled estimate: 1999 NHDS public use data
Schwartz (1995) - ICD 460-519 (all files
resp)
Schwartz (1994a, 1994b) - ICD 480-
486 (pneumonia)
Moolgavkar et al. (1997) - ICD 480-
487 (pneumonia)
Schwartz (1994b) - ICD 491-492,
494-496 (COPD)
Moolgavkar et a (1997) - ICD 490-
496 (COPD)
O, <2years Burnett et al. (2001) 1999 NHDS public use data
files
PM,: [>64yeas Pooled estimate: 1999 NHDS public use data
Moolgavkar (2000) - ICD 490-496 files
(COPD)
Lippman et al. (2000) - ICD 490-496
(COPD)
PM,s J20-64years JMoolgavkar (2000) - ICD 490-496 1999 NHDS public use data
(COPD) files
PM,s [>64years Lippman et a. (2000) - ICD 480-486 1999 NHDS public use data
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Table 9-6. Endpoints and Studies Used to Calculate Total Monetized Health Benefits

ndpoint

Pollut
ant

Applied
Population

Sour ce of Effect Estimate(s)

Sheppard, et al. (1999) - ICD 493

(asthma)

Sour ce of Baseline
Incidence

1999 NHDS public use data
files

Pooled estimate:

Moolgavkar (2000) - ICD 390-429

(al cardiovascular)

Lippman et a. (2000) - ICD 410-414,

427-428 (ischemic heart disease,
dysrhythmia, heart failure)

1999 NHDS public use data
files

Moolgavkar (2000) - 1CD 390-429

(@l cardiovascular)

1999 NHDS public use data
files

Asthma-Related ER

Pooled estimate: Weisdl et al.

(1995), Cody et al. (1992), Stieb et

al. (1996)

2000 NHAMCS public use
data files®; 1999 NHDS
public use datafiles

Norriset a. (1999)

2000 NHAMCS public use
datafiles; 1999 NHDS
public use datafiles

Dther Health Endpoints

A cute Bronchitis

Dockery et al. (1996)

American Lung
Association (2002a, Table
11)

pper Respiratory

Asthmatics,
9-11 years

Pope et al. (1991)

Pope et al. (1991, Table 2)

7-14 years

Schwartz and Neas (2000)

Schwartz (1994, Table 2)

18-65 years

Ostro (1987)

1996 HIS (Adamset dl.,
1999, Table 41); U.S.
Bureau of the Census
(2000)

School Absence Days

9-10 years
6-11 years

Pooled estimate:
Gilliland et a (2001)
Chen et a (2000)

National Center for
Education Statistics (1996)

orker Productivity

Outdoor
workers, 18-
65

Crocker and Horst (1981) and U.S.

EPA (1984)

NA

Activity Days

18-65 years

Ostro and Rothschild (1989)
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Table 9-7.
Unit Values Used for Economic Valuation of Health Endpoints (2000%)

Central Estimate of Value Per Statistical

Incidence
Heal t.h Derivation of Estimates
Endpoint
1990 Income 2020 Income 2030 Income
Level Level Level
Premature Mortality Base valueis the mean of VSL estimates from 26 studies (5
Base Estimate $6,300,000 $8,000,000 $8,100,000 contingent valuation and 21 labor market studies) reviewed for the
Alternative Estimate Section 812 Costs and Benefits of the Clean Air Act, 1990-2010
3% discount rate (USEPA, 1999). Alternative values are based on adjustments to
COPD deaths (under 65) $84,000 $110,000 $110,000 the mean of VSL estimates from the 5 contingent valuation studies
COPD deaths (65 and $136,000 $170,000 $170,000 referenced above. Adjustments are made for age and expected
older) $790,000 $1,000,000 $1,000,000 number of life years remaining based on cause of death and
Other causes (under 65) $1,200,000 $1,600,000 $1,600,000 assumed health status at time of death.

Other causes (65 and older)

7% discount rate $140,000 $170,000 $170,000

COPD deaths (under 65) $160,000 $200,000 $200,000

COPD deaths (65 and $1,200,000 $1,500,000 $1,500,000
older) $1,400,000 $1,700,000 $1,700,000

Other causes (under 65)
Other causes (65 and older)




Health
Endpoint

Central Estimate of Value Per Statistical
Incidence

1990 Income
Level

2020 Income
Level

2030 Income
L evel

Derivation of Estimates

Base value is the mean of a generated distribution of WTP to

Chronic Bronchitis (CB) avoid a case of pollution-related CB. WTP to avoid a case of
Base Estimate $340,000 $430,000 $440,000 pollution-related CB is derived by adjusting WTP (as described in
Alternative Estimate Viscus et al., 1991) to avoid a severe case of CB for the difference

3% discount rate in severity and taking into account the elasticity of WTP with

Age 27-44 $150,542 $150,542 $150,542 respect to severity of CB.

Age 45-64 $97,610 $97,610 $97,610

Age 65 and older $11,088 $11,088 $11,088 Alternative value is a cost of illness (COI) estimate based on
Cropper and Krupnick (1990). Includes both medical costs and

7% discount rate opportunity cost from age of onset to expected age of death

Age 27-44 $86,026 $86,026 $86,026 (assumes that chronic bronchitis does not change life

Age 45-64 $72,261 $72,261 $72,261 expectancy).

Age 65 and older $9,030 $9,030 $9,030

Non-fatal Myocardial Infarction Age specific cost-of-illness values reflecting lost earnings and

(heart attack) direct medical costs over a5 year period following a non-fatal MI.
3% discount rate Lost earnings estimates based on Cropper and Krupnick (1990).
Age0-24 $66,902 $66,902 $66,902 Direct medical costs based on simple average of estimates from
Age 25-44 $74,676 $74,676 $74,676 Russell et al. (1998) and Wittels et al. (1990).

Age45-54 $78,834 $78,834 $78,834

Age 55-65 $140,649 $140,649 $140,649 Lost earnings:

Age 66 and over $66,902 $66,902 $66,902 Cropper and Krupnick (1990). Present discounted value of 5 yrs of lost
earnings.

7% discount rate age of onset: at 3% at 7%

Age 0-24 $65,293 $65,293 $65,293 25-44 $8,774 $7,855

Age 25-44 $73,149 $73,149 $73,149 45-54 $12,932 $11,578

Age 45-54 $76,871 $76,871 $76,871 55-65 $74,746 $66,920

Age 55-65 $132,214 $132,214 $132,214 . ) . .

Age 66 and over $65,293 $65,293 $65,293 Direct medical expenses: An average of:

1. Wittelset al., 1990 ($102,658 — no discounting)
2. Russell et a., 1998, 5-yr period. ($22,331 at 3% discount rate;
$21,113 at 7% discount rate)




Health
Endpoint

Central Estimate of Value Per Statistical
Incidence

1990 Income
Level

2020 Income
Level

2030 Income
L evel

Derivation of Estimates

Hospital Admissions

Chronic Obstructive Pulmonary
Disease (COPD)
(ICD codes 490-492, 494-496)

$12,378

$12,378

$12,378

The COI estimates (lost earnings plus direct medical costs) are
based on ICD-9 code level information (e.g., average hospital care
costs, average length of hospital stay, and weighted share of total
COPD category illnesses) reported in Agency for Healthcare
Research and Quality, 2000 (www.ahrg.gov).

Pneumonia
(ICD codes 480-487)

$14,693

$14,693

$14,693

The COI estimates (lost earnings plus direct medical costs) are
based on ICD-9 code level information (e.g., average hospital care
costs, average length of hospital stay, and weighted share of total
pneumonia category illnesses) reported in Agency for Healthcare
Research and Quality, 2000 (www.ahrg.gov).

Asthma admissions

$6,634

$6,634

$6,634

The COI estimates (lost earnings plus direct medical costs) are
based on ICD-9 code level information (e.g., average hospital care
costs, average length of hospital stay, and weighted share of total
asthma category illnesses) reported in Agency for Healthcare
Research and Quality, 2000 (www.ahrg.gov).

All Cardiovascular
(ICD codes 390-429)

$18,387

$18,387

$18,387

The COI estimates (lost earnings plus direct medical costs) are
based on ICD-9 code level information (e.g., average hospital care
costs, average length of hospital stay, and weighted share of total
cardiovascular category illnesses) reported in Agency for
Healthcare Research and Quality, 2000 (www.ahrg.gov).

Emergency room visits for asthma

$286

$286

$286

Simple average of two unit COIl vaues:
(1) $311.55, from Smith et al., 1997, and
(2) $260.67, from Stanford et ., 1999.

Respiratory Ailments Not Requiring Hospitalization




Health
Endpoint

1990 Income
Level

Incidence

2020 Income
Level

Central Estimate of Value Per Statistical

2030 Income
L evel

Derivation of Estimates

Upper Respiratory Symptoms (URS)

$25

$27

$27

Combinations of the 3 symptoms for which WTP estimates are
available that closely match those listed by Pope, et al. result in 7
different “symptom clusters,” each describing a“type” of URS. A
dollar value was derived for each type of URS, using mid-range
estimates of WTP (IEc, 1994) to avoid each symptom in the cluster
and assuming additivity of WTPs. The dollar value for URS isthe
average of the dollar values for the 7 different types of URS.

Lower Respiratory Symptoms (LRS)

$16

$17

$17

Combinations of the 4 symptoms for which WTP estimates are
available that closely match those listed by Schwartz, et al. result
in 11 different “symptom clusters,” each describing a“type” of
LRS. A dollar value was derived for each type of LRS, using mid-
range estimates of WTP (IEc, 1994) to avoid each symptom in the
cluster and assuming additivity of WTPs. The dollar value for
LRSisthe average of the dollar values for the 11 different types of
LRS.

Acute Bronchitis

$360

$390

$390

Assumes a 6 day episode, with daily value equal to the average of
low and high values for related respiratory symptoms
recommended in Neumann, et a. 1994.

Restricted Activity and Work/School Loss

Days

Work Loss Days (WLDs)

Variable
(national
median = $115
)

County-specific median annual wages divided by 50 (assuming 2 weeks
of vacation) and then by 5 —to get median daily wage. U.S. Y ear 2000
Census, compiled by Geolytics, Inc.
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Health
Endpoint

School Absence Days

Central Estimate of Value Per Statistical

1990 Income
Level

Incidence

2020 Income
Level

2030 Income
Level

Derivation of Estimates

Based on expected lost wages from parent staying home with

child. Estimated daily lost wage (if a mother must stay at home with a
sick child) is based on the median weekly wage among women age 25 and
older in 2000 (U.S. Census Bureau, Statistical Abstract of the United
States: 2001, Section 12: Labor Force, Employment, and Earnings, Table
No. 621). This median wage is $551. Dividing by 5 gives an estimated
median daily wage of $103.

The expected lossin wages due to a day of school absence in which the
mother would have to stay home with her child is estimated as the
probability that the mother isin the workforce times the daily wage she
would loseif she missed aday = 72.85% of $103, or $75.

Worker Productivity

$0.95 per

worker per
10% changein
ozone per day

$0.95 per

worker per
10% changein
ozone per day

$0.95 per

worker per
10% changein
ozone per day

Based on $68 — median daily earnings of workersin farming, forestry and
fishing — from Table 621, Statistical Abstract of the United States (“Full-
Time Wage and Salary Workers — Number and Earnings: 1985 to 2000")
(Source of datain table: U.S. Bureau of Labor Statistics, Bulletin 2307
and Employment and Earnings, monthly).

Minor Restricted Activity Days
(MRADS)

$51

$55

$56

9-32
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Table9-8.
Primary Sour ces of Uncertainty in the Benefit Analysis

1. Uncertainties Associated With Concentration-Response Functions

b The value of the ozone- or PM-coefficient in each C-R function.

b Application of asingle C-R function to pollutant changes and populationsin all locations.

b Similarity of future year C-R relationships to current C-R relationships.

b Correct functional form of each C-R relationship.

b Extrapolation of C-R relationships beyond the range of ozone or PM concentrations observed in the study.
5 Application of C-R relationships only to those subpopul ations matching the original study popul ation.

P. Uncertainties Associated With Ozone and PM Concentrations

5 Responsiveness of the models to changes in precursor emissions resulting from the control policy.

5 Projections of future levels of precursor emissions, especially ammonia and crustal materials.

5 Model chemistry for the formation of ambient nitrate concentrations.

5 Lack of ozone monitorsin rural areas requires extrapolation of observed ozone data from urban to rural areas.

5 Use of separate air quality models for ozone and PM does not allow for afully integrated analysis of pollutants
and their interactions.

b Full ozone season air quality distributions are extrapolated from alimited number of simulation days.

b Comparison of model predictions of particul ate nitrate with observed rural monitored nitrate levels indicates
that REMSAD overpredicts nitrate in some parts of the Eastern US and underpredicts nitrate in parts of the
Western US.

B. Uncertainties Associated with PM Mortality Risk

5 No scientific literature supporting a direct biological mechanism for observed epidemiological evidence.

5 Direct causal agents within the complex mixture of PM have not been identified.

5 The extent to which adverse health effects are associated with low level exposures that occur many timesin the
year versus peak exposures.

b The extent to which effects reported in the long-term exposure studies are associated with historically higher
levels of PM rather than the levels occurring during the period of study.

b5 Reliability of the limited ambient PM , g monitoring datain reflecting actual PM , g exposures.

1. Uncertainties Associated With Possible Lagged Effects

5 The portion of the PM-related long-term exposure mortality effects associated with changes in annual PM
levels would occur in asingle year is uncertain as well as the portion that might occur in subsequent
years.

b. Uncertainties Associated With Basdline Incidence Rates

5 Some baseline incidence rates are not location-specific (e.g., those taken from studies) and may therefore not
accurately represent the actual |ocation-specific rates.

5 Current baseline incidence rates may not approximate well baseline incidence ratesin 2030.

5 Projected population and demographics may not represent well future-year population and demographics.

b. Uncertainties Associated With Economic Valuation

b Unit dollar values associated with health and welfare endpoints are only estimates of mean WTP and therefore
have uncertainty surrounding them.

b Mean WTP (in constant dollars) for each type of risk reduction may differ from current estimates due to
differencesin income or other factors.

b Future markets for agricultural products are uncertain.

7. Uncertainties Associated With Aggregation of Monetized Benefits
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Health and welfare benefits estimates are limited to the available C-R functions. Thus, unquantified or
unmonetized benefits are not included.

Table 9-9.
Distribution of PM2.5 Air Quality Improvements Over Population
Due to Nonroad Engine/Diesel Fuel Standards. 2020 and 2030

Change in Annual Mean 2020 Population 2030 Population
PM, ; Concentrations
(ng/m?) Number (millions) Percent (%) Number (millions) Percent (%)

D> PM,, Conc # 0.25 19.75% 8.04%

D.25>) PM,;Conc # 0.5 55.97% 41.33%

D.5>) PM,,Conc #0.75 17.19% 30.20%

D.75>) PM,;Conc # 1.0 4.43% 10.82%

1.0>) PM,,Conc # 1.25 1.60% 2.48%

1.25>) PM,;Conc # 1.5 1.06% 4.36%

1.5>) PM,,Conc #1.75 0.00% . 1.60%

) PM,,Conc>1.75 0.00% 1.18%

2 The changeis defined as the control case value minus the base case value.
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Table 9-10.
Reductionsin Incidence of Adver se Health Effects Associated with Reductionsin Particulate
Matter and Ozone Dueto the Modeled Preliminary Nonroad Engine Standar ds

Avoided I ncidence®
(caseslyear)

Endpoint

PM-related Endpoints

Premature mortality® -
Base estimate: Long-term exposure (adults, 30 and over) 6,200 11,000
Alternative estimate: Short-term exposure (all ages) 3,700 6,600

hronic bronchitis (adults, 26 and over) 4,300 6,500
on-fatal myocardia infarctions (adults, 18 and older) 11,000 18,000
ospital admissions— Respiratory (all ages)© 3,100 5,500
ospital admissions — Cardiovascular (adults, 20 and older)® 3,300 5,700
mergency Room Visits for Asthma (18 and younger) 4,300 6,500
Acute bronchitis (children, 8-12) 10,000 16,000
ower respiratory symptoms (children, 7-14) 110,000 170,000
pper respiratory symptoms (asthmatic children, 9-11) 92,000 120,000
ork loss days (adults, 18-65) 780,000 1,100,000

inor restricted activity days (adults, age 18-65) 4,600,000 6,500,000

Dzone-related Endpoints

ospital Admissions— Respiratory Causes (adults, 65 and older)E

ospital Admissions - Respiratory Causes (children, under 2 years)
mergency Room Visits for Asthma (all ages)

inor restricted activity days (adults, age 18-65)

School absence days (children, age 6-11)

A Incidences are rounded to two significant digits.

B Premature mortality associated with ozone is not separately included in this analysis

€ Respiratory hospital admissions for PM includes admissions for COPD, pneumonia, and asthma.

P Cardiovascular hospital admissions for PM includes total cardiovascular and subcategories for ischemic heart
disease, dysrhythmias, and heart failure.

E Respiratory hospital admissions for ozone includes admissions for all respiratory causes and subcategories for
COPD and pneumonia.
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Table9-11
Results of Human Health and Welfare Benefits
Valuation for the Modeled Preliminary Nonroad Diesel Engine Standards

Monetary Benefits*®
(millions 2000$, Adjusted for
Endpoint Pollutant Income Growth)

Premature mortality®©
Base estimate: Long-term exposure, (adults, 30 and over)
3% discount rate $85,000
7% discount rate $80,000
Alternative estimate:  Short-term exposure, (all ages)
3% discount rate $9,100
7% discount rate $10,000

hronic bronchitis (adults, 26 and over)
Base estimate: Willingness-to-pay $3,000
Alternative estimate: Cost-of-illness
3% discount rate $600

7% discount rate $390

on-fatal myocardial infarctions
3% discount rate $1,400
7% discount rate $1,400

ospital Admissions from Respiratory Causes $110
ospital Admissions from Cardiovascular Causes $120

mergency Room Visits for Asthma

Acute bronchitis (children, 8-12)
ower respiratory symptoms (children, 7-14)
pper respiratory symptoms (asthmatic children, 9-11)
ork loss days (adults, 18-65)
inor restricted activity days (adults, age 18-65)

School absence days (children, age 6-11)

orker productivity (outdoor workers, age 18-65)
Recreational visibility (86 Class| Areas)

Agricultural crop damage (6 crops)

onetized Total"
Base estimate
3% discount rate $52,000+B $92,000+B

7% discount rate $49,000+B $87,000+B
Alternative estimate

3% discount rate $8,300+B $14,000+B
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emature mortality®© PM
Base estimate: Long-term exposure, (adults, 30 and over)
3% discount rate $47,000 $85,000
7% discount rate $44,000 $80,000
Alternative estimate:  Short-term exposure, (all ages)
3% discount rate $5,000 $9,100
7% discount rate $5,700 $10,000
hronic bronchitis (adults, 26 and over) PM
Base estimate: Willingness-to-pay $1,900 $3,000
Alternative estimate: Cost-of-illness
3% discount rate $420 $600
7% discount rate $270 $390
on-fatal myocardial infarctions PM
3% discount rate $900 $1,400
7% discount rate $870 $1,400
ospital Admissions from Respiratory Causes 0O, and PM $55 $110
ospital Admissions from Cardiovascular Causes PM $72 $120
mergency Room Visits for Asthma O, and PM $1 $2
cute bronchitis (children, 8-12) PM $4 $6
ower respiratory symptoms (children, 7-14) PM $2 $3
pper respiratory symptoms (asthmatic children, 9-11) PM $2 $3
ork loss days (adults, 18-65) PM $110 $150
inor restricted activity days (adults, age 18-65) O, and PM $250 $370
hool absence days (children, age 6-11) O, $5 $10
orker productivity (outdoor workers, age 18-65) O, 4 $7
7% discount rate $8,800+B $15,000+B

A Monetary benefits are rounded to two significant digits.

& Monetary benefits are adjusted to account for growth in real GDP per capita between 1990 and the analysis year (2020 or 2030).

€ Premature mortality associated with ozoneis not separately included inthisanalysis. It isassumed that the C-R function for
premature mortality captures both PM mortality benefits and any mortality benefits associated with other air pollutants. Also note
that the valuation assumesthe 5 year distributed lag structure described earlier. Resultsreflect the use of two different discount rates;
a3% ratewhich isrecommended by EPA’s Guidelinesfor Preparing Economic Analyses (USEPA, 2000c), and 7% whichis
recommended by OMB Circular A-94 (OMB, 1992).

P Respiratory hospital admissionsfor PM includes admissionsfor COPD, pneumonia, and asthma.

E Cardiovascular hospital admissionsfor PM includestotal cardiovascular and subcategoriesfor ischemic heart disease, dysrhythmias,
and heart failure.

F Respiratory hospital admissionsfor ozoneincludes admissionsfor al respiratory causes and subcategoriesfor COPD and pneumonia.
© B represents the monetary val ue of the unmonetized health and welfare benefits. A detailed listing of unquantified PM, ozone, CO,
and NMHC related hedlth effectsis providedin Table 9.1.
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9.3.8 Apportionment of Benefitsto NOx, SO,, and PM Emissions Reductions

As noted in the introduction to this chapter, the proposed standards differ from those that we
used in modding ar qudity and economic benefits. As such, it is necessary for usto scde the modded
benefits to reflect the difference in emissions reductions between the proposed and preliminary modeled
standards. In order to do so, however, we must first gpportion total benefits to the NOx, SO,, and
direct PM reductions for the modeled preliminary control options. This gpportionment is necessary due
to the differentid contribution of each emisson speciesto the total change in ambient PM and totdl
benefits. We do not attempt to develop scaing factors for ozone benefits because of the difficulty in
separating the contribution of NOx and NMHC/V OC reductions to the change in ozone
concentrations.

PM isacomplex mixture of particles of varying species, including nitrates, sulfates, and primary
particles, including organic and dementa carbon. These particles are formed in complex chemicd
reactions from emissions of precursor pollutants, including NOx, SO,, anmonia, hydrocarbons, and
directly emitted particles. Different emissons species contribute to the formation of PM in different
amounts, S0 that aton of emissons of NOx contributes to total ambient PM mass differently than aton
of SO, or directly emitted PM. Assuch, it isingppropriate to scae benefits by smply scaing the sum
of al precursor emissions. A more appropriate scaling method isto first gpportion total PM benefitsto
the changes in underlying emission species and then scae the gpportioned benefits.

PM formation releive to any particular reduction in an emisson speciesis a highly nonlinear
process, depending on meteorologica conditions and basdline conditions, including the amount of
available ammonia to form ammonium nitrate and ammonium sulfate. Given the limited air qudity
modeling conducted for this andyss, we make severd smplifying assumptions about the contributions
of emissons reductions for specific species to changesin particle species. For this exercise, we assume
that changes in sulfate particles are attributable to changes in SO, emissons, changesin nitrate particles
are dtributable to changes in NOx emissions, and changesin primary PM are attributable to changesin
direct PM emissons. These assumptions essentially assume independence between SO,, NOx, and
direct PM in the formation of ambient PM. Thisis areasonable assumption for direct PM, asit is
generdly not reactive in the atmosphere. However, SO, and NOx emissions interact with other
compounds in the atmaospher to form PM, 5. For example, ammonia reacts with SO, firg to form
ammonium sulfate. If there isremaining anmonia, it reacts with NOx to form ammonium nitrate. When
SO, done isreduced, anmoniais freed to react with any NOx that has not been used in forming
ammonium nitrate. If NOx is aso reduced, then there will be less available NOx to form ammonium
nitrate from the newly avallable anmonia. Thus, reducing SO, can potentidly lead to decreased
ammonium sulfate and increased nitrate, so that overdl ambient PM benefits are |less than the reduction
in sulfate particles. 1f NOx doneis reduced, there will be adirect reduction in ammonium nitrate,
athough the amount of reduction depends on whether an arealis ammonialimited. If thereisnot
enough ammoniain an areato use up dl of the available NOx, then NOx reductions will only have an
impact if they reduce emissions to the point where ammonium nitrate formation will be affected. NOx
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reductions will not result in any offsetting increases in ambient PM under most conditions. The
implications of this for gpportioning benefits between NOx, SO,, and direct PM is that some of the
sulfate related benefits will be offset by reductions in nitrate benefits, so benefits from SO, reductions
will be overgated, while NOx benefits will be underdated. It is not immediately apparent the size of
thisbias.

The measure of change in ambient particle mass that is most related to hedlth bendfitsis the
population-weighted change in PM, 5 = g/, because health benefits are driven both by the Size of the
change in PM,, 5 and the populations exposed to that change. We calculate the proportiona share of
total change in mass accounted for by nitrate, sulfate, and primary particles. Results of these
caculations for the 2020 and 2030 REM SAD modding andysis are presented in Table 9-12. The
aulfate percentage of total change is used to represent the SO, contribution to hedlth benefits, the nitrate
percentage is used to represent the NOx contribution to hedlth benefits, and the primary PM
percentage is used to represent the direct PM contribution to health benefits. These percentages will be
appliped to the PM-related health benefits estimatesin Table 9-10 and 9-11 and combined with the
emission scaling factors devel oped in section 9.2 to estimate benefits for the proposed standards.

Table 9-12. Apportionment of Population Weighted Changein Ambient PM 2.5 to Nitrate,
Sulfate, and Primary Particles

2020 2030

Population- Percent of Total Population- Percent of Total
weighted Change Change weighted Change Change

(-gm3) (2 gm3)

Vighility benefits are highly specific to the parks a which vighility improvement occur, rather
than where populations live. Assuch, it is necessary to scae benefits a each individua park and then
aggregate to total scaled vishility benefits. We gpportion benefits at each park using the contribution of
changes in aulfates, nitrates, and primary particles to changesiin light extinction. The changein light
extinction a each park is determined by the following equation:

Dby, = [3F(rh)* 1375* DTSO4| + [3F(rh) * 129 * DPNO3] + 10 * DPEC + 4 * DTOA + DPMFINE + 0.6* DPMCOARSE
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where rhis rdative humidity, ) TSO4 is the change in particulate sulfate, ) PNO3 is the changein
particulate nitrate, ) PEC isthe change in primary dementa carbon, ) TOA isthe changein totd
organic aerosols, ) PMFINE isthe change in primary fine particles, and ) PMCOARSE is the change
in primary coarse particles.

The proportion of the tota change in light extinction associated with changesin sulfate particlesis
[3F(rh) * 1375* DTSO4| /Dby, . The proportion of the total changein light extinction associated with

changesin nitrate partidesis [ 3F(rh) * 129* DPNOG|/Db,; . Finally, the proportion of the total
change in light extinction associated with the change in directly emitted
patidesis [10* DPEC + 4* DTOA+ DPMFINE + 06* DPMCOARSE] /Dby .

We calculate these proportions for each park to apportion park specific benefits between SO,, NOX,
and PM. The gpportioned benefits are then scaled using the emission ratios in Table 9-5. Park specific
gpportionment of benefitsis detailed in Appendix 9C.

9.4 Estimated Benefits of Proposed Nonroad Diesel Engine Standardsin
2020 and 2030

To edimate the benefits of the NOx, SO,, and direct PM emission reductions from the
proposed standards in 2020 and 2030, we gpply the emissions scaling factors derived in section 9.2
and the apportionment factors described in section 9.3 to the benefits estimates for 2020 and 2030
listed in Tables 9-10 and 9-11. Note that we apply scaling and gpportionment factors only to PM and
vishility related endpoints. Ozone related hedth and welfare benefits are not estimated for the
emissions reductions associated with the proposed standards for reasons noted in the introduction to
this chapter.

The scaled avoided incidence estimate for any particular hedth endpoint is calculated using the
following eguation:

Scaled Incidence= Modeled Incidence* 601 RA,

where Ri isthe emissionsratio for emisson speciesi from Table 9-4, and Ai isthe hedth benefits
gpportionment factor for emisson speciesi, from Table 9-12. Essentidly, benefits are sced usng a
welghted average of the species pecific emissonsratios. For example, the caculation of the avoided
incidence of premature mortality for the base estimatein 2020 is.

Scaled Premature Mortality Incidence = 6,200 * (0.761*0.129 + 0.777*0.224 + 0.903*0.647) =
5,620
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The monetized vaue for each endpoint is then obtained smply by multiplying the scaed incidence
estimate by the gppropriate unit vaue in Table 9-6. The estimated changes in incidence of hedth
effectsin 2020 and 2030 for the proposed rule based on gpplication of the weighted scaling factors are
presented in Table 9-13. The estimated monetized benefits for both PM hedlth and visibility benefits
are presented in Table 9-14. The vishility benefits are based on gpplication of the weighted scaing
factorsfor vighility at each Class| areain the Chestnut and Rowe study regions, aggregated to a
national tota for each year.
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Table 9-13.
Reductionsin Incidence of PM-related Adver se Health Effects Associated with the Proposed
Nonroad Diesel Engine Standards

Avoided I ncidence®
(caseslyear)

Endpoint

Premature mortality® -
Base estimate: Long-term exposure (adults, 30 and over) 5,200 9,600
Alternative estimate: Short-term exposure (all ages) 3,100 5,800

hronic bronchitis (adults, 26 and over) 3,600 5,700

on-fatal myocardia infarctions (adults, 18 and older) 9,200 16,000

ospital admissions — Respiratory (adults, 20 and ol der)© 2,400 4,500

ospital admissions — Cardiovascular (adults, 20 and ol der)® 1,900 3,800

mergency Room Visits for Asthma (18 and younger) 3,600 5,700

A cute bronchitis (children, 8-12) 8,400 14,000

ower respiratory symptoms (children, 7-14) 92,000 150,000

pper respiratory symptoms (asthmatic children, 9-11) 77,000 110,000

ork loss days (adults, 18-65) 650,000 960,000

inor restricted activity days (adults, age 18-65) 3,900,000 5,700,000

A Incidences are rounded to two significant digits.

B Premature mortality associated with ozone is not separately included in this analysis

€ Respiratory hospital admissions for PM includes admissions for COPD, pneumonia, and asthma.

P Cardiovascular hospital admissions for PM includes total cardiovascular and subcategories for ischemic heart
disease, dysrhythmias, and heart failure.
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Table 9-14.
Results of Human Health and Welfare Benefits Valuation for the Proposed Nonroad Diesel
Engine Standards

Monetary Benefits™®
(millions 2000$, Adjusted for Income
Endpoint Growth)

Premature mortality©
Base estimate: Long-term exposure, (adults, 30 and over)
3% discount rate (over 5 year cessation lag) $39,000 $74,000
7% discount rate (over 5 year cessation lag) $37,000 $70,000
Alternative estimate:  Short-term exposure, (all ages)
3% discount rate (amortization of VSL) $4,200 $8,000
7% discount rate (amortization of VSL) $4,800 $9,100

hronic bronchitis (adults, 26 and over)®
Base estimate: Willingness-to-pay $1,600 $2,600
Alternative estimate: Cost-of-illness
3% discount rate (over lifetime with disease) $350

7% discount rate (over lifetime with disease) $220

on-fatal myocardial infarctions®
3% discount rate (over 5 year follow up) $750
7% discount rate (over 5 year follow up) $730

ospital Admissions from Respiratory Causes” $38
ospital Admissions from Cardiovascular Causes® $40

mergency Room Visits for Asthma $1

A cute bronchitis (children, 8-12) $3
ower respiratory symptoms (children, 7-14) $2
pper respiratory symptoms (asthmatic children, 9-11) $2

ork loss days (adults, 18-65)
inor restricted activity days (adults, age 18-65)

Recreational visibility (86 Class | Areas)

onetized Total"
Base estimate

3% discount rate $43,000+B $81,000+B

7% discount rate $41,000+B $76,000+B
Alternative estimate
3% discount rate $6,800+B $12,000+B
7% discount rate $7,300+B $13,000+B

Monetary benefits are rounded to two significant digits.
& Monetary benefits are adjusted to account for growth in real GDP per capita between 1990 and the analysis year (2020 or 2030).
€ Valuation of base estimate assumes discounting over the 5 year distributed | ag structure described earlier.  Vauation of dternative
estimate assumesvalue of astatistical life year derived from amortization of age specific vaue of satistical life over remaining life
expectancy. Resultsreflect the use of two different discount rates; a 3% rate which isrecommended by EPA’ s Guidelinesfor
Preparing Economic Analyses (US EPA, 2000c), and 7% which isrecommended by OMB Circular A-94 (OMB, 1992).
P Alternative estimate assumes costs of illnessand lost earningsin later life yearsare discounted using either 3 or 7 percent.
E Estimates assume costs of illness and lost earningsin later life years are discounted using either 3 or 7 percent
F Respiratory hospital admissionsfor PM includes admissionsfor COPD, pneumonia, and asthma.
& Cardiovascular hospital admissionsfor PM includestotal cardiovascular and subcategoriesfor ischemic heart disease, dysrhythmias,
and heart failure.
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H B represents the monetary value of the unmonetized health and welfare benefits. A detailed listing of unquantified PM, ozone, CO,
and NMHC related hedlth effectsisprovided in Table 9-1.

9.5 Development of Intertemporal Scaling Factors and Calculation of
Benefits Over Time

To edimate the hedth and vishility benefits of the NOx, SO,, and direct PM emission
reductions from the proposed standards occurring in years other than 2020 and 2030, it is necessary to
develop factors to scale the modeled benefits in 2020 and 2030. In addition to scaling based on the
relative reductions in NOx, SO,, and direct PM, intertempora scaing requires additiond adjustments
to reflect population growth, changes in the age composition of the population, and per capitaincome
levels

Two separate sets of scaling factors are required, one for PM related hedlth benefits, and one
for vighility benefits. For the first of these, PM hedlth beneifts, we need scaling factors based on
ambient PM, 5. Because of the nonproportiond relationship between precursor emissions and ambient
concentrations of PM., s, it is necessary to first develop estimates of the margina contribution of
reductionsin each emisson speciesto reductionsin PM,, 5 in each year. Because we have only two
points (2020 and 2030), we assume a very Smple linear function for each species over time (assuming
that the margind contribution of each emisson speciesto PM,, 5 isindependent of the other emission
Species) again assuming that sulfate changes are primarily associated with SO, emission reductions,
nitrate changes are primarily associated with NOx emission reductions, and primary PM changes are
associated with direct PM emission reductions.

Using the linear rdationship, we estimate the margind contribution of SO, to sulfate, NOx to
nitrate, and direct PM to primary PM in each year. These margina contribution estimates are
presented in Table 9-15. Note that these projections do not take into account differencesin overal
basdline proportions of NOx, SO,, and PM. They assume that the change in the relive effectiveness
of each emission speciesin reducing ambient PM that is observed between 2020 and 2030 can be
extrapolated to other years. Because basdine emissions of NOx, SO,, and PM, aswdl as ammonia
and VOCs are changing between years, the relative effectiveness of NOx and SO, emisson reductions
may change in anon-linear fashion. It isnot clear what overdl biases these nonlinearities will introduce
into the scaling exercise.

Multiplying the year pecific margina contribution estimates by the appropriate emissons
reductions in each year yields estimates of the population weighted changes in PM,, 5 condtituent
species, which are summed to obtain year specific population weighted changesin totd PM., 5. Tota
benefits in each specific year are then developed by scaling total benefits in a base year using theratio
of the change in PM,, 5 in the target year to the base year, with additiond scaling factors to account for
growth in total population, age composition of the population, and growth in per capitaincome.
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Table 9-15.
Projected Marginal Contribution of Reductionsin Emission Speciesto Reductionsin Ambient
PM2.5

Change in PM2.5 species (populaion weighted - g/m?® per million tons reduced)

Sulfate/SO, Nitrate/NOx Primary PM/direct PM

Growth in population and changes in age compostion are accounted for by gpportioning totd
benefits into benefits accruing to three different age groups, 0 to 18, 19 to 64, and 65 and older.
Benefits for each age group are then adjusted by the ratio of the age group population in the target year
to the age group population in the base year. Age composition adjusted estimates are then
reaggregated to obtain total population and age composition adjusted benefits for each year. Growthin
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per capitaincome is accounted for by multiplying the target year estimate by the ratio of the income
adjustment factors in the target year to those in the base year.

For example, for the target year of 2010, there are 2,281 tons of NOx reductions, 293,124
tons of SO, reductions, and 22,967 tons of PM reductions. These are associated with a popul ated
weighted changein tota PM2.5 of 0.119. Theratio of this change to the change in the 2030 base year
is0.272. The age group apportionment factors (based on the Base estimate using a 3% discount rate
for 2030) are 0.02% for 0 to 18, 19.4% for 19 to 64, and 80.6% for 65 and older. The age group
population growth ratios for 2010 relative to 2030 are 0.88 for 0 to 18, 0.96 for 19 to 64, and 0.55 for
65 and older. The income growth adjustment ratios for 2015 are 0.85 for mortality endpoints and 0.84
for morbidity endpoints. Mortality accounts for 93 percent of tota health benefits and morbidity
accounts for 7 percent of health benefits. Combining these dements with the tota Base estimate of PM
health benefits in 2030 of $89.8 hillion , total PM health benefits in 2010 for the proposed standards
are cdculated as.

Total PM health benefits (2020) =
$89.8 billion * 0,272* (0.0002* 0.88+0.194* 0.96+0.806* 0.55)* (0.93*.85+0.07*.84) = $13.1 billion

In order to develop the time stream of  visihility benefits, we need to develop scaling factors
basad on the contribution of each emisson speciesto light extinction. Similar to ambient PM, s,
because we have only two estimates of the change in light extinction (2020 and 2030), we assume a
very smple linear function for each species over time (assuming that the margina contribution of each
emission speciesto light extinction isindependent of the other emission species) assuming that changes
in the sulfate component of light extinction are associated with SO, emission reductions, changesin the
nitrate component of light extinction are primarily associated with NOx emission reductions, and
changes in the primary PM components of light exinction are associated with direct PM emission
reductions. Linear relationships (dope and intercept) are caculated for each Class | area.

Using the linear relaionships, we estimate the margina contribution of SO,, NOx, and direct
PM to the change in light extinction at each Class | areain each year. Again, note that these estimates
assume that the change in the relative effectiveness of each emisson speciesin reducing light extinction
that is observed between 2020 and 2030 can be extrapolated to other years.

Multiplying the year specific margina contribution estimates by the appropriate emissons
reductions in each year yields estimates of the changesin light extinction components, which are
summed to obtain year specific changesin totd light extinction. Benefits for each park in each specific
year are then developed by scaling total benefits in a base year using the retio of the change in light
extinctionin the target year to the base year, with additiona scaling factors to account for growth in
tota population, and growth in per capitaincome. Tota nationa vishility benefits for each year are
obtained by summing the scaled benefits across Class | aress.
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Table 9-16 provides undiscounted estimates of the time stream of benefits for the proposed
standards for the Base and Alternative estimates using 3 and 7 percent concurrent discount rates’.
Figure 9-1 shows the undiscounted time stream for the Base estimate using a 3 percent concurrent
discount rate. Because of the assumptions we made about the linearity of benefits for each emisson
species, overdl benefits are d <o linear, reflecting the relatively linear emissions reductions over time for
each emisson type. The exception is during the early years of the program, where there is little NOx
emission reduction, so that benefits are dominated by 55, and direct PM,, 5 reductions.

Using a 3 percent intertempora discount rate, the present vaue in 2004 of the benefits of the
proposed standards for the base estimate is approximately $550 billion for the time period 2007 to
2030, using either a3 percent concurrent discount rate or $520 billion using a 7 percent concurrent
discount rate. For the dternative estimate, the present vaue using a 3 percent intertempora discount
rate is approximately $90 billion using either a3 or 7 percent concurrent discount rate. Annualized
benefits using a 3 percent intertempord discount rate for the base estimate are gpproximately $30
billion using ether a3 or 7 percent concurrent discount rate. Annuaized benefits usng a 3 percent
intertempora discount rate for the dternative estimate are gpproximately $5 billion using either a3 or 7
percent concurrent discount rate.

Using a 7 percent intertempora discount rate, the present vaue in 2004 of the benefits of the
proposed standards for the base estimate is approximately $290 billion for the time period 2007 to
2030, using a 3 percent concurrent discount rate or $270 billion using a 7 percent concurrent discount
rate. For the dterndaive estimate, the present value using a 7 percent intertempora discount rate is
approximately $45 billion using a 3 percent concurrent discount rate or $48 billion using a 7 percent
concurrent discount rate.

AWe refer to discounting that occurs during the calculation of benefits for individual years as concurrent
discounting. Thisisdistinct from discounting that occurs over the time stream of benefits, which is referred to as
intertemporal discounting.
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Table 9-16. Time Stream of Benefitsfor Proposed Nonroad Diesdl Engine Standar ds” B

Base Estimate
(Million 2000%)

Alternative Estimate
(Million 2000%)

3% Concurrent
Discount Rate

7% Concurrent
Discount Rate

3% Concurrent
Discount Rate

7% Concurrent
Discount Rate

$4,700

$8,600

$9,100
$10,000
$12,000
$15,000
$18,000
$21,000
$24,000
$28,000
$32,000
$35,000
$39,000
$43,000
$47,000
$51,000
$55,000
$59,000
$63,000
$66,000
$70,000
$74,000
$77,000
$81,000

$4,500

$8,100

$8,600

$9,500
$12,000
$14,000
$17,000
$20,000
$23,000
$26,000
$30,000
$34,000
$37,000
$41,000
$45,000
$48,000
$52,000
$56,000
$59,000
$63,000
$66,000
$70,000
$73,000
$76,000

$730
$1,300
$1,400
$1,500
$2,000
$2,400
$2,800
$3,300
$3,800
$4,400
$5,000
$5,500
$6,100
$6,700
$7,300
$7,900
$8,500
$9,200
$9,700
$10,000
$11,000
$11,000
$12,000
$12,000

$780
$1,400
$1,500
$1,600
$2,100
$2,500
$3,000
$3,600
$4,100
$4,700
$5,300
$5,900
$6,600
$7,200
$7,900
$8,500
$9,100
$9,800
$10,000
$11,000
$12,000
$12,000
$13,000
$13,000

Present Vauein 2004

3% Intertemporal
Discount Rate

7% Intertemporal
Discount Rate

$550,000

$290,000

A All dollar estimates rounded to two significant digits.

$520,000

$270,000
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B Resultsreflect the use of two different discount rates; a3% rate which is recommended by EPA’ s Guidelinesfor Preparing Economic
Andyses (USEPA, 2000c), and 7% which isrecommended by OMB Circular A-94 (OMB, 1992).
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Figure9-1.
Base Estimate of the Stream of Annual Benefitsfor the Proposed Nonroad Diesel Engine
Standards: 2007 to 2030
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Million 2000$

Engine Standards: 2007 to 2030

9.6 Comparison of Costs and Benefits

The estimated socid cost (measured as changes in consumer and producer surplus) in 2030 to
implement the find rule, as described in Chapter 8 is $1.2 billion (2000%). Thus, the net benefit (socid
benefits minus socid costs) of the program a full implementation is approximately $80 + B hillion. In
2020, partid implementation of the program yields net benefits of $41 + B hillion. Therefore,
implementation of the find rule is expected to provide society with anet gain in socid welfare based on
economic efficiency criteria. Table 9-17 presents a summary of the benefits, costs, and net benefits of
the proposed rule. Figure 9-2 displays the stream of benefits, costs, and net benefits of the Nonroad
Diesdl Engine and Fuel Standards from 2007 to 2030. In addition, Table 9-18 presents the present
vaue of the siream of benefits, cogts, and net benefits associated with the rule for this 23 year period
(using athree percent discount rate). The tota present vaue of the stream of net benefits (benefits
minus costs) is $530 hillion.
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Table 9-17.
Summary of Benefits, Costs, and Net Benefits of the
Proposed Nonroad Diesdl Engine and Fud Standards
2020" 20304

(Billions of 2000 (Billions of 2000
dollars) dollars)

Social Benefits® ¢ P

CO, VOC, Air Toxic-related benefits | Not monetized § Not monetized

Ozone-rdated benefits Not monetized | Not monetized
PM-related Welfar e benefits $1.2 $1.9

PM-related Health benefits $42+B $79+B
Net Benefits (Benefits-Costs)© P $41+B $80 + B

A All costs and benefits are rounded to two significant digits.

B Note that costs are the total costs of reduci ng all pollutants, including CO, VOCs and air toxics, aswell as NOx and
PM. Benefitsin this table are associated only with PM, NOx and SO, reductions.

 Not all possible benefits or disbenefits are quantified and monetized in this analysis. Potential benefit categories
that have not been quantified and monetized are listed in Table 9-1. B isthe sum of all unquantified benefits and
disbenefits.

P Monetized benefits are presented using two different discount rates. Results calculated using 3 percent discount
rate are recommended by EPA’s Guidelines for Preparing Economic Analyses (U.S. EPA, 2000c). Results calculated
using 7 percent discount rate are recommended by OMB Circular A-94 (OMB, 1992).
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Figure 9-2.
Stream of Benefits, Costs, and Net Benefits of the
Proposed Nonroad Diesel Engine and Fuel Standards
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Table 9-18.

Present Valuein 2004 of the Stream of
Benefits, Costs, and Net Benefitsfor the
Proposed Nonroad Diesel Engine and Fuel Standards
(Billions of 2000$)?

Socid Codsts

Socid Bendfits

Net Benefits

@ Rounded to two significant digits

9.6.1 Potential Impacts of Cost and Emissions Uncertainty

Two key inputsto our benefit-cost analyss are the socia costs and emission reductions

associated with the proposed program. Each of these elements aso has associated uncertainty which
contributes to the overdl uncertainty in our andyss of benefit-codt.
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EPA engineering cost estimates are based upon considerable expertise and experience within
the Agency. At the sametime, any estimate of the future cost of control technology for engines or the
cogt of removing sulfur from diesd fud isinherently uncertain to some degree. At the Sart isthe
question of what technology will actudly be used to meet future standards, and what such technology
will codt at the time of implementation. Our estimates of control costs are based upon current
technology plus newer technology aready “in the pipeine”” New technology not currently anticipated is
by its nature not specificaly included. Potential new production techniques which might lower cogs are
aso not included in these estimates (dthough they are partialy included among factors contributing to
learning curve effects). On the other Sde of the equation are unforseen technica hurdles that may act to
increase control system costs.

Some uncertainty is aso introduced when trandating engineering cost into socid cost estimates.
Our Economic Impact Assessment presented in Chapter 10 includes sensitivity analyses examining the
effect of varying assumptions surrounding the following key factors (Chapter 10, Appendix 10-1):

- market supply and demand dagticity parameters
- dternative assumptions about the fud market supply shifts and fud maintenance savings
- dternative assumptions about the engine and equipment market supply shifts

For dl of these factors, the change in socid cost was projected to be very smdl, with a
maximum impact of less than one percent.

Overdl, we have limited means avallable to develop quantitative estimates of tota uncertainty in
costs. Some of the factors identified above can act to either increase or decrease actual cost compared
to our estimates. Some, such as new technology devel opments and new production techniques, will act
to lower costs compared to our estimates.

One source of auseful information about the overal uncertainty we might expect to seein cost
is literature comparing historica rulemaking cost estimates with actud price increases when new
standards went into effect.®  Perhaps the most relevant of such studiesis the paper by Anderson and
Sherwood anayzing these effects for those mobile source rules adopted since the Clean Air Act
Amendments of 1990. That paper reviewed six fud qudity rules and ten light-duty vehicle control
rules that had been required by those amendments. It found that EPA estimates of the cogts for future
standards tended to be smilar to or higher than actua price changes observed in the market place.
Table 9-19 presents a summary of results for the fuel and vehicle rules reviewed in the paper.

CFor this proposal, we based our cost estimates on information received from industry and technical reports
relevant to the US market. We are also aware of two studies done to support nonroad standards development in
Europe, namely the VTT report and the EMA/Euromot report. We are not utilizing the cost information in these
reports because neither one has sufficient information to allow us to understand or derive the relevant cost figures
and therefore provide us information that could be used in trying to estimate cost uncertainty for nonroad diesel
engine technologies.
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Table 9-19.
Comparison of Historical EPA Cost Estimates with Actual Price Changes

EPA Mid-point Actual Price Change | Percent Difference
EPA Rule Egimate for Pricevs EPA

Phase 2 RVP control

Reformulated Gasoline
Phase 1

Reformulated Gasoline
Phase 2

500ppm Sulfur
Highway Diesd Fud

1994-2001 LDV
Regulations

The datain Table 9-19 would lead usto bdlieve that cost uncertainty islargely arisk of
overestimation by EPA. However, given the uncertainty in congtructing the comparison in Anderson
and Sherwood plus the increasing sophigtication of our cost analyses astime goes on, we believe that a
more conservative gpproach is appropriate. Asasengtivity factor for socid cost variability we have
chosen to evaluate arange of possible errorsin socid cost of from twenty percent higher to twenty
percent lower than the EPA estimate. The resulting socid cost rangeis shownin Table 9 -20. This
uncertainty has virtualy no impact on our estimates of the net benefits of the proposed rule, given the
large magnitude by which benefits exceed costs.

Table 9-20.
Estimated Uncertainty for Social Cost of Proposal

Social Cost Estimate Uncertainty Range (-20 to +20 per cent)

$0.25 hillion $0.20 - $0.30 hillion
$1.1 billion $.86 - $1.3 hillion

$1.2 billion $.95 - $1.4 hillion
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Turning to the question of emissions uncertainty, the Agency does not & this time have useful
quantitative information to bring to bear on this question. For our estimates, we rely on the best
information thet is available to us. However, there is uncertainty involved in many aspects of emissons
esimations. Uncertainty exists in the estimates of emissons from the nonroad sources affected by this
proposal, aswell asin the universe of other sourcesincluded in the emission inventories used for our air
quaity modeling. To the extent that these other sources are unchanged between our basdline and
control case, the impact of uncertainty in those estimatesis lessened. Similarly, since the key driver of
the benefits of our proposd is the changes produced by the new standards, the effect of uncertainty in
the overdl estimates of nonroad emissions on our benefits estimates may be lessened.

The main sources of uncertainty in our estimates of nonroad emissionsfdl in the three areas of
population Sze estimates, equipment usage rates (activity) and engine emission factors. Since nonroad
equipment is not subject to date regidtration and licensing requirements like those gpplying to highway
vehicles, it is difficult to develop precise equipment counts for in-use nonroad equipment. Our modeled
equipment populations are derived from related data about sales and scrappage rates. Similarly, annual
amount of usage and related |oad factor information is estimated with some degree of uncertainty. We
have access to extensive bodies of data on these areas, but are also aware of the need for
improvement. Findly, the emission rates of enginesin actua field operation cannot reedily be
messured at the present time, but are estimated from |aboratory testing under a variety of typical
operdaing cycles. While laboratory estimates are a reliable source of emissons data, they cannot fully
capture dl of the impacts of red in-use operation on emissions, leading to some uncertainty about the
results. For further details on our modding of nonroad emissions, please refer to the discussonsin
Chapter 3 of thisRIA.

We have ongoing effortsin al three of these areas designed to improve their accuracy. Since
the opportunity to gather better data exigts, we have chosen to focus our main efforts on developing
improved estimates rather than on devel oping eaborate techniques to estimate the uncertainty of current
estimates. In thelong run, better estimates are the most desired outcome,

One of the most important new tools we are developing is the use of portable emission
measurement devices to gather detailed data on actud engines and equipment in daily use. These
devices have recently become practica due to advances in computing and sensor technology, and will
dlow usto generate intensive data defining both activity-related factors (e.g., hours of use, load factors,
patterns of use) and in-use emissions data specific to the measured activity and including effects from
such things as age and emissons related deterioration. The Agency is pursuing this equipment for
improving both its highway and nonroad engine emissons models.

Because of the multiplicity of factors involved, we cannot make a quantitetive estimate of the
uncertainty in our emissons estimates. 1n an attempt to estimate the effect of a reasonable amount of
uncertainty, we have performed an andysis of the effect of a plus or minus five percent change in the
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amount of emission reduction produced by our proposa. Table 9-21 presents the results of this
anaysisfor 2030 (where the largest effect would be seen).

Table 9-21.
Estimated Effect of Emissions Uncertainty on 2030 Benefits Estimates

Range of 2030 Benefit

-5% - +5% for NOx $78 - $79 billion

-5% to + 5% for SO, $78 - $79 hillion

-5% to +5% for PM $76 - $81 billion

-5% to +5% for dl emissons $75 - $82 billion

The effect of thisanadyss shows thefind benefit vaue changing amaximum of the full five
percent sengitivity to avaue of less than one percent, depending on which pollutant or pollutants were
affected. Intherea world, each of these three pollutants would not necessarily have the same
uncertainty or see errorsin the same direction at the sametime.
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This gppendix details the models and methods used to generate the benefits estimates from
which the benefits of the proposed standards presented in Chapter 1X are derived. Thisanayssusesa
methodology generdly consgtent with benefits anayses performed for the recent andysis of the Heavy
Duty Engines/Diesdl Fud rulemaking (U.S. EPA, 2000a) and the proposed Clear Skies Act (U.S.
EPA, 2002). The benefits andyds relies on three mgor modeling components:.

1) Cdculation of theimpact that a set of preiminary fud and engine standards would have on
the nationwide inventories for NOx, non-methane hydrocarbons (NMHC), g, and PM
emissonsin 2020 and 2030;

2) Air quaity modding for 2020 and 2030 to determine changes in ambient concentrations of
ozone and particulate matter, reflecting basdline and post-control emissions inventories.

3) A bendfits analysis to determine the changes in human hedth and welfare, both in terms of
physca effects and monetary vaue, that result from the projected changes in ambient
concentrations of various pollutants for the modeled standards.

Figure 9A 1 illugtrates the mgor sepsin the andyss. Given basdine and post-control
emissons inventories for the emisson species expected to impact ambient ar qudity, we use
sophiticated photochemica air quality models to estimate basdline and post-control ambient
concentrations of ozone and PM, and deposition of nitrogen and sulfur for each year. The estimated
changesin ambient concentrations are then combined with monitoring data to estimate population level
exposures to changesin ambient concentrations for use in estimating hedlth effects. Modded changes
in ambient data are ds0 used to edtimate changesin vishility, and changesin other air quality datistics
that are necessary to estimate welfare effects. Changes in population exposure to ambient air pollution
are then input to concentration-response functions to generate changes in incidence of hedth effects, or,
changes in other exposure metrics are input to dose-response functions to generate changes in welfare
effects. The resulting effects changes are then assgned monetary vaues, taking into account
adjusmentsto vaues for growth in red income out to the year of andys's (values for hedth and welfare
effects are in generd pogitively related to red income levels). Findly, vauesfor individud hedth and
wefare effects are summed to obtain an estimate of the total monetary vaue of the changesin
emissons

On September 26, 2002, the National Academy of Sciences (NAS) released areport on its
review of the Agency’ s methodology for andlyzing the hedth benefits of measures taken to reduce air
pollution. The report focused on EPA’s gpproach for estimating the hedlth benefits of regulations
designed to reduce concentrations of airborne particulate matter (PM).
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Initsreport, the NAS said that EPA has generally used a reasonable framework for analyzing
the hedlth benefits of PM-control measures. 1t recommended, however, that the Agency take a number
of stepsto improve its benefits andysis. In particular, the NAS stated that the Agency should:

- include benefits estimates for a range of regulatory options;

- edimate bendfits for intervals, such as every five years, rather than asingle year;

- dearly date the projected basdine Satitics used in estimating hedlth benefits, including
those for air emissons, ar qudity, and hedth outcomes,

- examine whether implementation of proposed regulations might cause unintended impacts
on human hedlth or the environmert;

- when appropriate, use data from non-U.S. studies to broaden age ranges to which current
estimates gpply and to include more types of relevant health outcomes,

- begin to move the assessment of uncertainties from its ancillary andysesinto its base
anadyses by conducting probabilistic, multiple-source uncertainty andyses. This assessment
should be based on available data and expert judgment.

Although the NAS made a number of recommendations for improvement in EPA’s gpproach, it
found that the studies sdected by EPA for usein its benefits analyss were generdly reasonable choices.
In particular, the NAS agreed with EPA’s decision to use cohort studies to derive benefits estimates. It
a0 concluded that the Agency’ s selection of the American Cancer Society (ACS) study for the
evauation of PM-related premature mortality was reasonable, although it noted the publication of new
cohort studies that should be evauated by the Agency.

EPA has addressed many of the NAS comments in our analysis of the proposed rule. We
provide benefits estimates for each year over the rule implementation period for a wide range of
regulatory dternatives, in addition to our proposed emission control program. We use the estimated
time path of benefits and costs to caculate the net present vaue of benefits of therule. Inthe RIA, we
provide basdine satistics for air emissons, ar qudity, population, and hedth outcomes. We have
examined how our benefits estimates might be impacted by expanding the age ranges to which
epidemiologicd studies are gpplied, and we have added severd new hedlth endpoints, including non-
fatal heart attacks, which are supported by both U.S. studies and studies conducted in Europe. We
have aso improved the documentation of our methods and provided additiona details about model
assumptions.

Severd of the NAS recommendations addressed the issue of uncertainty and how the Agency
can better anayze and communicate the uncertainties associated with its benefits assessments. In
particular, the Committee expressed concern about the Agency’ s rdiance on asingle vaue from its
andysis and suggested that EPA develop a probabilistic approach for andyzing the hedth benefits of
proposed regulatory actions. The Agency agrees with this suggestion and is working to develop such
an gpproach for usein future rulemakings. EPA plansto hold a meeting of its Science Advisory Board
(SAB) in early Summer 2003 to review its plans for addressing uncertainty initsandyses. Our likely
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approach will incorporate short-term elements intended to provide interim methods in time for the fina
Nonroad rule to address uncertainty in important andytical parameters such as the concentration-
response relationship for PM-related premature mortaity. Our gpproach will aso include longer-term
elementsintended to provide scientificaly sound, peer-reviewed characterizations of the uncertainty
surrounding a broader set of anaytical parameters and assumptions, including but not limited to
emissonsand air quaity modeling, demographic projections, population hedlth status, concentration-
response functions, and valuation estimates.

Our primary approach, generating our Base Estimate is a peer-reviewed method developed for
previous risk and benefit-cost assessments carried out by the Environmenta Protection Agency. Itis
the method used in the regulatory assessments of the Heavy Duty Diesdl and Tier 11 (light duty engine)
Rules and the Section 812 Report to Congress.  Following the gpproach of these earlier assessments,
aong with the results of the Base Estimate, we present various sengtivity anayses on the Base Esimate
that dter salect subsets of variables, such as the concentration-response function for premature
mortdity.

Many of the techniques gpplied in andyzing the benefits of the proposed rule have aso been
reviewed by EPA’s independent Science Advisory Board (SAB). We have rdied heavily on the
advice of the SAB in determining the health and wefare effects congdered in the benefits andyss and
in establishing the mogt scientificdly vaid measurement and vauation techniques. Since the publication
of the final HD Engine/Diesd Fuel RIA, we have updated some of the assumptions and methods used
inour analyssto reflect SAB and NAS recommendations, as well as advances in dataand methodsin
ar quality modding, epidemiology, and economics.  Changes to the methodology are described fully in
the following sections and in the benefits technica support document (Abt Associates, 2003) and
include the following:

- Demographic/popul ation data:
- We have updated our base population data from 1990 to Census 2000 block level data
- We have devel oped future year population projections based on Woods and Poole
Economics, Inc. 2001 Regiond Projections of county population.
- Hedth effects incidence/prevaence data:
- We have updated county-level mortdity rates (al-cause, non-accidental, cardiopulmonary,
lung cancer, COPD) from 1994-1996 to 1996-1998 using the CDC Wonder database.
- We have updated hospitaization rates from 1994 to 1999 and switched from nationd rates
to regiond rates using 1999 Nationd Hospitd Discharge Survey results.
- We have developed regiona emergency room visit rates using results of the 2000 Nationa
Hospitd Ambulatory Medica Care Survey.
- We have updated prevaence of asthmaand chronic bronchitis to 1999 using results of the
Nationa Hedlth Interview Survey (HIS), as reported by the American Lung Association
(ALA), 2002
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We have developed non-fatal heart attack incidence rates based on National Hospital
Discharge Survey results.

We have updated the national acute bronchitis incidence rate using HIS data as reported in
ALA, 2002, Table 11.

We have updated the work loss days rate using the 1996 HIS data, as reported in Adams,
et al. 1999, Table 41

We have developed school absence rates using data from the Nationa Center for
Education Statistics and the 1996 HIS, asreported in Adams, et a., 1999, Table 46.

We have developed basdline incidence rates for respiratory symptoms in asthmeatics, based
on epidemiologicd studies (Ostro et d. 2001; Vedd et d. 1998; Yu et d; 2000,
McConnell et a., 1999; Pope et d., 1991).

Concentration-Response Functions

We have added severd new endpointsto the andysis, including

> hospital admissonsfor dl cardiovascular causesin adults 20-64, PM (Moolgavkar et
al., 2000)

ER vistsfor ashmain children 0-18, PM (Norriset d., 1999)

non-fatal heart attacks, adults over 30, PM (Peters et a, 2001)

school loss days, Ozone (Gilliland et a, 2001; Chen et d, 2000)

hospitd admissons for dl respiratory causes in children under 2, Ozone (Burnett et dl.,
2001)

We have changed the sources for concentration-response functions for hospital admission
for pneumonia, COPD, and tota cardiovascular from Samet et a, 2000 (a PM,, study), to
Lippmann et a, 2000 and Moolgavkar, 2000 (PM,, 5 Sudies)

We have added a separate table with incidence estimates for the asthmatic subpopulation,
based on studies by Ostro et a, 2001; Yu et a, 2000; Vedd et a, 1998; Popeet d.,
1991; Ostro et d., 1991; and McConnell et a., 1999.

We have added a separate table showing age specific impacts, as wdl as the impact of
extending the population covered by a C-R function to additional ages, i.e. extending lower
respiratory symptomsto dl children, rather than only children aged 7-14.

V V V V

Vauation of Changes in Hedlth Outcomes:

We have developed a value for school absence days by determining the proportion of
families with two working families, multiplying that proportion by the number of school loss
days, and multiplying the resulting number of school |oss days resulting in a parent Siaying
home (or requiring purchase of a caregiverstime) by the average daily wage.

We have devel oped age-specific values for non-fata heart attacks using cost-of-illness
methods, based on direct cost estimates reported in Wittels et d (1990) and Rusdll et d
(1998) and lost earnings estimates reported in Cropper and Krupnick (1990). These
estimates include expected medicd cogsin the 5 years following amyocardid infarction, as
well asthe lost earnings over that period.
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- We have corrected a previous error in the valuation of acute bronchitis episodes.
Previoudy, episodes were vaued as if they lasted only asingle day. We have corrected
this value to account for multiday duration of episodes.

- Air Qudity:

- PM ar qudity modeling results are used to devel op adjustment factors which will be
applied to ambient monitoring data to estimate future base and control ambient PM levels
(conggtent with past practice for ozone modeling). This changeis due to the recent
avalability of sufficient ambient PM,, 5 monitoring data.

- We have changed the ozone air quality modd from the Urban Airshed Model to CAM-X,
modeled using 30 episode days in 1995 for the Eastern U.S. and 19 episode daysin 1996
for the Western U.S. (note that in the HD Enging/Diesdl Fud andys's, we did not use ozone
modeling results for the Western U.S.). For both Eastern and Western domains, a nested
grid structure was used, with a 36 km outer resolution, and a 12 km inner resolution over
urban aress.

- We have updated the PM air quality model, REMSAD, to verson 7.3, run at 36 km grid
resolution.

In addition to the above changes, for the proposed rule, the Agency has used an interim
gpproach that shows the impact of severd important aternative assumptions about the estimation and
vauation of reductionsin premature mortaity and chronic bronchitis. This approach, which was
developed in the context of the Agency’s Clear Skies andyd's, provides an dternative estimate of hedth
benefits using the time series sudiesin place of cohort studies, as well as dterndtive vauation methods
for mortdity and chronic bronchitis risk reductions.

All such benefit estimates are subject to a number of assumptions and uncertainties, which are
discussed throughout the gppendix. For example key assumptions underlying the Base and Alternative
Edimates for the mortdity category include the following: (1) Inhdation of fine particlesis causdly
associated with premature desth at concentrations near those experienced by most Americans on a
daly bass. While biologica mechanismsfor this effect have not yet been definitivey established, the
weight of the available epidemiologica evidence supports an assumption of causdity. (2) All fine
particles, regardiess of their chemica compasition, are equaly potent in causing premature mortdity.
Thisis an important assumption, because fine particles directly emitted from diesd engines are
chemicdly different from fine particles resulting from both utility sources and indugtrid facilities, but no
clear scientific grounds exist for supporting differentia effects estimates by particletype. (3) The
concentration-response function for fine particles is goproximately linear within the range of ambient
concentrations under congderation. Thus, the estimates include health benefits from reducing fine
particles in areas with varied concentrations of particulate matter, including both regionsthat arein
attainment with fine particle standard and those that do not meet the standard. (4) The forecasts for
future emissons and associated air quality modding are vaid. Although recognizing the difficulties,
assumptions and inherent uncertainties in the overall enterprise, these andyses are based on
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peer-reviewed scientific literature and up-to-date assessment tools, and we believe the results are highly
useful in assessing this proposal.

In addition to the quantified and monetized benefits summarized above, there are a number of
additiona categories are not currently amenable to quantification or vauation. These include reduced
acid and particulate deposition damage to cultura monuments and other materids, reduced ozone
effects on forested ecosystems, and environmenta benefits due to reductions of impacts of acidification
in lakes and streams and eutrophication in coastd areas. Additiondly, we have not quantified a number
of known or suspected hedth effects linked with PM and ozone for which appropriate
concentration-response functions are not available or which do not provide easlly interpretable
outcomes (i.e. changesin forced expiratory volume (FEV1)). As aresult, both the Base and Alternative
monetized benefits estimates underestimate the total benefits attributable to the preliminary control
options.

In generd, the chapter is organized around the stepsiillusirated in Figure 9A.1. In section A,
we describe and summarize the emissions inventories and modeled reductions in emissions of NOX,
VOC, SO,, and directly emitted diesel PM for the set of preiminary control options. In section B, we
describe and summarize the air quality modds and results, including both baseline and post-control
conditions, and discuss the way modeled air quality changes are used in the benefits analyss. In
Section C, we provide and overview of the data and methods that are used to quantify and value hedth
and welfare endpoints, and provide a discussion of how we incorporate uncertainty into our anaysis. In
Section D, we report the results of the andysis for human hedth and welfare effects. Additiona
sengtivity andyses are provided in Appendix 9B.
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Table9A.1. Summary of Results: Estimated Benefits
of the Modded Preiminary Control Option

Estimation M ethod Total Benefits™B
(Billions 2000$)

Base Estimate:

Using a 3% discount rate
Using a 7% discount rate

Alternative Estimate:

Using a 3% discount rate
Using a 7% discount rate
A Benefits of CO and HAP emission reductions are not quantified in this analysis and, therefore, are not presented in this
table. The quantifiable benefits are from emission reductions of NOX, NMHC, ., and PM only. For notational purposes,

unquantified benefitsareindicated with a“B” to represent the sum of additional monetary benefits and disbenefits. A
detailed listing of unquantified health and welfare effectsis provided in Table 9A-2.

B Resultsreflect the use of two different discount rates; a 3% rate which is recommended by EPA’ s Guidelinesfor Preparing
Economic Analyses (US EPA, 2000c), and 7% which isrecommended by OMB Circular A-94 (OMB, 1992). Resultsare

rounded to two significant digits.
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Figure 9A.1. Key Stepsin Air Quality Modding Based Benefits Andysis
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Table9A.2.

Human Health and Welfare Effects of Pollutants Affected by the Proposed Nonroad Diesel Engine Rule

Pollutant/Effect

Quantified and Monetized in Base and
Alternative Estimates®

Quantified and/or M onetized Effectsin
Sensitivity Analyses®

Unquantified Effects

Ozone/Health Hospital admissions - respiratory Chronic Asthma® Increased airway responsiveness to stimuli
Emergency room visits for asthma Asthma attacks Inflammation in the lung
Minor restricted activity days Cardiovascular emergency room visits Chronic respiratory damage
School loss days Premature mortality — acute Premature aging of the lungs
exposures® Acute inflammation and respiratory cell damage
Acute respiratory symptoms Increased susceptibility to respiratory infection
Non-asthma respiratory emergency room visits
Ozone/Welfare Decreased outdoor worker Decreased Western commercial forest productivity
productivity Decreased Eastern commercial forest productivity
Decreased yields for commercial (other species)
crops (selected species) Decreased yields for fruits and vegetables
Decreased Eastern commercial forest Decreased yields for other commercia and
productivity (selected non-commercial crops
species) Damage to urban ornamental plants
Impacts on recreational demand from damaged
forest aesthetics
Damage to ecosystem functions
PM/Health Premature mortality — long term Premature mortality — short term Low birth weight

exposures

Bronchitis - chronic and acute

Hospital admissions - respiratory and
cardiovascular

Emergency room visits for asthma

Non-fatal heart attacks (myocardial

infarction)

Lower and upper respiratory illness

Minor restricted activity days

Work loss days

exposures

Asthma attacks (asthmatic population)

Respiratory symptoms (asthmatic
population)

Infant mortality

Changes in pulmonary function

Chronic respiratory diseases other than chronic
bronchitis

Morphological changes

Altered host defense mechanisms

Cancer

Non-asthma respiratory emergency room visits




Pollutant/Effect

PM/We¢elfare

Quantified and Monetized in Base and
Alternative Estimates®

Visibility in California, Southwestern,
and Southeastern Class | areas

Quantified and/or M onetized Effectsin
Sensitivity Analyses®

Visihility in Northeastern, Northwestern,

and Midwestern Class | areas

Visibility in residential and non-Class|
aress

Household soiling

Unquantified Effects

Nitrogen and
Sulfate
Deposition/
Welfare

Costs of nitrogen controls to reduce
eutrophication in selected
eastern estuaries

Impacts of acidic sulfate and nitrate deposition on
commercial forests

Impacts of acidic deposition on commercial

freshwater fishing

Impacts of acidic deposition on recreation in
terrestrial ecosystems

Impacts of nitrogen deposition on commercial
fishing, agriculture, and forests

Impacts of nitrogen deposition on recreation in
estuarine ecosystems

Reduced existence values for currently healthy
ecosystems

soo/Health

Hospital admissions for respiratory and cardiac
diseases
Respiratory symptoms in asthmatics

NOX/Health

Lung irritation

Lowered resistance to respiratory infection

Hospital Admissions for respiratory and cardiac
diseases

CO/Health

Premature mortality

Behaviord effects

Hospital admissions - respiratory, cardiovascular,
and other

Other cardiovascular effects

Developmental effects

Decreased time to onset of angina

Non-asthmarespiratory ER visits




Pollutant/Effect Quantified and Monetized in Base and Quantified and/or Monetized Effectsin Unquantified Effects
Alternative Estimates® Sensitivity Analyses®

Cancer (diesel PM, benzene, 1,3-butadiene,

formaldehyde, acetaldehyde)

Anemia (benzene)

Disruption of production of blood components
(benzene)

Reduction in the number of blood platelets
(benzene)

Excessive bone marrow formation (benzene)

Depression of lymphocyte counts (benzene)

Reproductive and developmental effects
(1,3-butadiene)

Irritation of eyes and mucous membranes
(formaldehyde)

Respiratory and respiratory tract

Asthma attacks in asthmatics (formaldehyde)

Asthma-like symptoms in non-asthmatics

(formaldehyde)

Irritation of the eyes, skin, and respiratory tract
(acetaldehyde)

Upper respiratory tract irritation & congestion

(acrolein)

Direct toxic effectsto animals
Bioaccumlation in the food chain
Reduction in odors

A Primary quantified and monetized effects are those included when determining the primary estimate of total monetized benefits of the Noroad Diesel Enginerule. See Section C-
2 for amore compl ete discussion of presentation of benefits estimates.

8 Alternative quantified and/or monetized effects are those presented as alternatives to the primary estimates or in addition to the primary estimates, but not included in the
primary estimate of total monetized benefits.

¢ While no causal mechanism has been identified linking new incidences of chronic asthmato ozone exposure, two epidemiological studies shows a statistical association between
long-term exposure to ozone and incidences of chronic asthmain exercising children and some non-smoking men (McConnell, 2002; McDonnell, et al., 1999).

® Premature mortality associated with ozone is not separately included in the primary analysis. It isassumed that the American Cancer Society (ACS)/ Krewski, et al., 2000 C-R
function we use for premature mortality captures both PM mortality benefits and any mortality benefits associated with other air pollutants (ACS/ Krewski, et al., 2000).

& All non-methane hydrocarbons (NMHCs) listed in the table are a so hazardous air pollutants listed in the Clean Air Act.
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9A.1 Summary of Emissions Inventories and Modeled Changesin Emissions
from Nonroad Engines

For the preiminary control options we modeed, implementation will occur in two stages:
reduction in sulfur content of nonroad diesd fud and adoption of controls on new engines. Because fulll
turnover of the fleet of nonroad diesd engineswill not occur for many years, the emisson reduction
benefits of the proposed standards will not be fully redlized until decades after theinitia reduction in fuel
sulfur content. Based on the projected time paths for emissons reductions, EPA chose to focus
detailed emissons and air quality moddling on two future years, 2020 and 2030, which reflect partia
and close to complete turnover of the fleet of nonroad diesdl engines to models meeting the preliminary
control options. Tables 9A-3 and 9A-4 summarize the basdline emissions of NOy, SO,, VOC, and
direct diessl PM,, 5 and the change in the emissions from nonroad engines used in modding air quality
changes.

Emissons and ar quality modeling decisions are made early in the analytical process. Sincethe
preliminary control scenario was developed, EPA has gathered more information regarding the
technicd feasbility of the standards, and has revised the control scenario. Section 3.6 of the RIA
describes the changes in the inputs and resulting emission inventories between the preliminary basdine
and control scenarios used for the air quality modeling and the proposed baseline and control scenarios.

Chapter 3 discussed the development of the 1996, 2020 and 2030 basgline emissions

inventories for the nonroad sector and for the sectors not affected by this proposed rule. The emisson
sources and the basis for current and future-year inventories are listed in Table 9A-5.
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Table 9A-3
Summary of Basdine Emissonsfor Preliminary Nonroad Engine Control Options

Pollutant Emissions (tons)

Source NOy so, I voc PM_s
1996 Basdline

Nonroad Engines 1,583,641 172,175 221,398 178,500
All Other Sources 22,974,945 18,251,679 18,377,795 2,038,726
Totd, All Sources 24,558,586 18,423,854 18,599,193 2,217,226
2020 Base Case

Nonroad Engines 1,144,686 308,075 97,113 127,755
All Other Sources 14,394,399 14,882,962 13,812,619 1,940,307
Totd, All Sources 15,539,085 15,191,037 13,909,732 2,068,062
2030 Base Case

Nonroad Engines 1,231,981 360,933 97,345 143,185
All Other Sources 14,316,841 15,190,439 15,310,670 2,066,918
Totd, All Sources 15,548,822 15,551,372 15,408,015 2,210,103
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Table9A-4

Summary of Emissions Changesfor the Preliminary Nonroad Control Options*

Pollutant
2020 Nationwide Emission Changes
Absolute Tons 663,618 304,735 23,172 91,278
Percent Reduction from Landbased 58.0% 98.9% 23.9% 71.4%
Nonroad Emissons
Percentage Reduction from All 4.5% 2.1% 0.2% 4.6%
Manmade Sources
2030 Emission Changes
Absolute Tons 1,009,744 359,774 34,060 129,073
Percent Reduction from Landbased 82.0% 99.7% 35.0% 90.0%
Nonroad Emissons
Percentage Reduction from Al 6.3% 2.1% 0.2% 5.5%
Manmade Sources

* Does not include SO, and PM , 5 reductions from recreational marine diesel engines, commercial marine diesel
engines, and locomotives due to control of diesel fuel sulfur levels.
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Table9A-5
Emissions Sourcesand Basisfor Current and Future-Year Inventories
Emissions Sour ce 1996 Base year Future-year Base Case Projections
Utilities 1996 NEI Version 3.12 Integrated Planning Modd (IPM)
(CEM data)
Non-Utility Point and Area | 1996 NEI BEA growth projections
sources Verson 3.12 (point)
Version 3.11 (area)
Highway vehides MOBILES5b modd with VMT projection data
MOBILES adjustment
factorsfor VOC and
NOX;
PARTS modd for PM
Nonroad engines (except NONROAD2002 model | BEA and Nonroad equipment growth
locomotives, commercid projections
marine vessals, and aircraft)

Note: Full description of data, models, and methods applied for emissionsinventory development and modeling are
provided in Emissions Inventory TSD (EPA, 2003a).

9A.2 Air Quality Impacts

This section summarizes the methods for and results of estimating air quality for the 2020 and
2030 base cases and control scenarios for the purposes of benefit-cost analyses. EPA has focused on
the hedlth, welfare, and ecologicd effects that have been linked to air quaity changes. These ar quality
changesinclude the fallowing:

*  Ambient particulate matter (PM,, and PM,, 5)—as estimated using a nationa-scale verson of
the REgiond Modding System for Aerosols and Deposition (REMSAD);

*  Ambient ozone-as estimated using regiond-scale gpplications of the Comprehensive Air
Qudity Modd with Extensons (CAMX); and

» Vidhility degradation (i.e., regiond haze), as developed usng empiricd estimates of light
extinction coefficients and efficienciesin combination with REMSAD modeed reductionsin
pollutant concentrations.

Although we expect reductionsin arborne sulfur and nitrogen deposition, these air qudity impects have
not been quantified for this proposed rule nor have the associated benefits been estimated.
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Theair quaity esimatesin this section are based on the emission changes for the modeled
preliminary control program discussed in Chapter 3. These air quadity results are in turn associated with
human populations and ecosystems to estimate changes in health and welfare effects. 1n Section B-1,
we describe the estimation of PM air quaity usng REMSAD, and in Section B-2, we cover the
edimation of ozone air qudity usng CAMX. Ladly, in Section B-3, we discussthe estimation of
vighility degradation.

9A.2.1 PM Air Quality Estimates

We use the emissions inputs summarized above with a nationa-scae verson of the REgiona
Modd System for Aerosols and Deposition (REMSAD) to estimate PM air qudity in the contiguous
U.S. REMSAD isathree-dimensiona grid-based Eulerian air qudity mode designed to etimate
annua particulate concentrations and deposition over large spatial scaes (e.g., over the contiguous
U.S). Condgderation of the different processes that affect primary (directly emitted) and secondary
(formed by atmospheric processes) PM at the regiond scale in different locations is fundamenta to
understanding and assessing the effects of proposed pollution control measures that affect ozone, PM
and depostion of pollutants to the surface® Because it accounts for spatial and tempord variations as
well as differencesin the reactivity of emissons, REMSAD is useful for evauating the impacts of the
proposed rule on U.S. PM concentrations.

REMSAD was peer-reviewed in 1999 for EPA asreported in * Scientific Peer-Review of the
Regulatory Modeling System for Aerosols and Deposition” (Seigneur et d., 1999). Earlier versons
of REMSAD have been employed for the EPA’ s Prospective 812 Report to Congress, EPA’sHD
Engine/Diesd Fue rule, and EPA’s air qudity assessment of the Clear Skies Initictive. Versgon 7 of
REMSAD was employed for this andyss and is fully described in the ar quality modeling technica
support document (US EPA, 2003b). This verson reflects updates in the following areas to improve
performance and address comments from the 1999 peer-review:

»  Gas phase chemistry updates to “micro-CB4" mechanism including new treatment for the
NO3 and N205 species and the addition of severa reactions to better account for the
wide ranges in temperature, pressure, and concentrations that are encountered for regiona
and nationd gpplications.

* PM chemigtry updates to cdculate particulate nitrate concentrations through use of the
MARS-A equilibrium agorithm and internd caculation of secondary organic aerosols from
both biogenic (terpene) and anthropogenic (estimated aromatic) VOC emissons.

A Given the potential impact of the Nonroad Engine/Diesel Fuel rule on secondarily formed particlesit is
important to employ a Eulerian model such as REMSAD. The impact of secondarily formed pollutants typically
involves primary precursor emissions from a multitude of widely dispersed sources, and chemical and physical
processes of pollutants that are best addressed using an air quality model that employs an Eulerian grid model
design.
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*  Aqueous phase chemistry updates to incorporate the oxidation of SO, by O3 and O2 and
to include the cloud and rain liquid water content from MM5 meteorologicd datadirectly in
sulfate production and deposition caculations.

Asdiscussed earlier in Chapter 2, the mode tends to underestimate observed PM, 5
concentrations nationwide, especialy over the western U.S.

Our anaysis gpplies the modding system to the entire U.S. for the five emissions scenarios. a
1996 basdline projection, a 2020 basdline projection and a 2020 projection with nonroad controls, a
2030 baseline projection and a 2030 projection with nonroad controls. As discussed in the Benefits
Analysis TSD, we use the rdlative predictions from the model by combining the 1996 base-year and
each future-year scenario with ambient air quaity observations to determine the expected change in
2020 or 2030 ozone concentrations due to the rule (Abt Associates, 2003). These results are used
soldy in the benefits andyss.

REMSAD smulates every hour of every day of the year and, thus, requires a variety of input
filesthat contain information pertaining to the modeling domain and smulation period. These include
gridded, 1-hour average emissions estimates and meteorologica fields, initid and boundary conditions,
and land-use information. As gpplied to the contiguous U.S,, the modd segments the area within the
region into square blocks called grids (roughly equa in Size to counties), each of which has severa
layers of ar conditions. Using this data, REMSAD generates predictions of 1-hour average PM
concentrations for every grid. We then calibrate the modeling results to develop 2020 and 2030 PM
estimates at monitor Sites by normalizing the observations to the observed 1996 concentrations at each
monitor Ste. For areas (grids) without PM monitoring data, we interpolated concentration vaues using
data from monitors surrounding the area. After completing this process, we then caculated daily and
seasond PM air quality metrics as inputs to the hedth and welfare C-R functions of the benefits
andyss. Thefollowing sections provide a more detailed discusson of each of the sepsin this
evduation and asummary of the results.

9A.2.1.1 Modding Domain

The PM air qudity analyses employed the modeling domain used previoudy in support of
Clear Skiesar qudity assessment. As shown in Figure 9A-2, the modeling domain encompasses the
lower 48 States and extends from 126 degrees to 66 degrees west longitude and from 24 degrees
north latitude to 52 degrees north latitude. The mode contains horizontal grid-cdlls across the mode
domain of roughly 36 km by 36 km. There are 12 verticd layers of atmospheric conditions with the top
of the moddling domain at 16,200 meters. The 36 by 36 km horizonta grid resultsin a 120 by 84 grid
(or 10,080 grid-cells) for each verticd layer. Figure 9A-3 illustrates the horizontd grid-cdlls for
Maryland and surrounding aress.
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9A.2.1.2 Smulation Periods

For usein this benefits analys's, the smulation periods modeled by REM SAD included separate
full-year application for each of the five emissions scenarios as described in Chapter 3, i.e.,, 1996
basdline and the 2020 and 2030 base cases and control scenarios.
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Figure 9A-2
REMSAD Modeling Domain for Continental United States
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Figure 9A-3. Example of REMSAD 36 x 36km Grid-cdls for Maryland Area
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9A.2.1.3 Modd Inputs

REMSAD requires avariety of input files that contain information pertaining to the modeing
domain and smulation period. These include gridded, 1-hour average emissions estimates and
meteorologica fidds, initia and boundary conditions, and land-use information. Separate emissons
inventories were prepared for the 1996 baseline and each of the future-year base cases and control
scenarios. All other inputs were specified for the 1996 basdline mode application and remained
unchanged for each future-year modeling scenario.

Smilar to CAMx, REMSAD requires detailed emissons inventories containing tempordly
dlocated emissons for each grid-cdll in the modding domain for each species being smulated. The
previoudy described annua emisson inventories were preprocessed into modd-ready inputs through
the SMOKE emissions preprocessing system. Details of the preprocessing of emissions through
SMOKE as provided in the emissons modeling TSD. Meteorologica inputs reflecting 1996
conditions across the contiguous U.S. were derived from Version 5 of the Mesoscae Model (MMD5).
These inputs included horizontal wind components (i.e., speed and direction), temperature, moisture,
verticd diffuson rates, and rainfdl rates for each grid cdll in each verticd layer. Details of the annud
1996 MM5 modeling are provided in Olerud (2000).

Initial species concentrations and latera boundary conditions were specified to approximate
background concentrations of the species; for the latera boundaries the concentrations varied
(decreased parabolicaly) with height. These background concentrations are provided in the air qudity
modeling TSD (U.S. EPA, 2003b). Land useinformation was obtained from the U.S. Geologica
Survey database at 10 km resolution and aggregated to the ~36 KM horizonta resolution used for this
REMSAD application.

9A.2.1.4 Converting REM SAD Outputsto Benefits I nputs

REMSAD generates predictions of hourly PM concentrations for every grid. The particulate
matter species modeled by REMSAD include a primary coarse fraction (corresponding to PM in the
2.5 to 10 micron szerange), aprimary fine fraction (corresponding to PM lessthan 2.5 micronsin
diameter), and severd secondary particles (e.g., sulfates, nitrates, and organics). PM,, 5 is calculated as
the sum of the primary fine fraction and al of the secondarily-formed particles. These hourly
predictions for eech REMSAD grid-cell are aggregated to daily averages and used in conjunction with
observed PM concentrations from AIRS to generate the predicted changesin the daily and annua PM
ar quality metrics (i.e,, annua mean PM concentration) from the future-year base case to future-year
control scenario as inputs to the hedlth and welfare C-R functions of the benefits andysis® In addition,

BBased on AIRS, there were 1,071 FRM PM monitors with valid data as defined as more than 11 observations
per season.
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the speciated predictions from REMSAD are employed as inputs to a post-processing module that
estimates atmospheric vighility, as discussed later in Section 9A.3.

In order to estimate PM-rlated hedlth and welfare effects for the contiguous U.S,, daily and
annud average PM concentrations are required for every location. Given available PM monitoring
data, we generated an annud profile for each location in the contiguous 48 States in two steps: (1) we
combine monitored observations and modeled PM predictions to interpolate forcasted daily PM
concentrations for each REMSAD grid-cell, and (2) we compute the daily and annua PM measures of
interest based on the annual PM profiles. © These methods are described in detail in the benefits
analysistechnical support document (Abt Associates, 2003).

9A.2.1.5 PM Air Quality Results

Table 9A-5 provides asummary of the predicted ambient PM, 5 concentrations for the 2020
and 2030 base cases and changes associated with Nonroad Engine/Diesdl Fuel control scenarios. The
REMSAD reaultsindicate that the predicted change in PM concentrations is composed almogt entirely
of reductionsin fine particulates (PM,5) with little or no reduction in coarse particles (PMyless PM,, ).
Therefore, the observed changesin PM,,are composed primarily of changesin PM,s. In addition to
the standard frequency datistics (e.g., minimum, maximum, average, median), Table 9A-5 providesthe
popul ation-weighted average which better reflects the basdline levels and predicted changes for more
populated areas of the nation. This measure, therefore, will better reflect the potentid benefits of these
predicted changes through exposure changes to these populations. As shown, the average annua mean
concentrations of PM,sacross dl U.S. grid-cells declines by roughly 2.5 percent (or 0.2 pg/m?) and
3.4 percent (or 0.28 ug/n?) in 2020 and 2030, respectively. The population-weighted average mean
concentration declined by 3.3 percent (or 0.42 pg/n) in 2020 and 4.5 percent (or 0.59 pg/n) in
2030, which is much larger in absolute terms than the spatial average for both years. Thisindicatesthe
proposed rule generates greater absolute air quality improvements in more populated, urban aress.

CThis approach is a generalization of planar interpolation that is technically referred to as enhanced Voronoi
Neighbor Averaging (EVNA) spatial interpolation (See Abt Associates (2003) for a more detailed description).
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Table 9A-6.
Summary of Base Case PM Air Quality
and Changes Due to Nonroad Engine/Diesel Fuel Standards: 2020 and 2030

PM ., 5 (Mg/n)

inimum Annua Mean®

aximum Annual Mean ®

Average Annual Mean

edian Annual Mean

Pop-Weighted Average Annua Mean

2 The change is defined as the control case value minus the base case value.

® The base case minimum (maximum) is the value for the populated grid-cell with the lowest (highest) annual
average. The change relative to the base case is the observed change for the populated grid-cell with the lowest
(highest) annual average in the base case.

¢ Calculated by summing the product of the projected REMSAD grid-cell population and the estimated PM
concentration, for that grid-cell and then dividing by the total population in the 48 contiguous States.

Table 9A-6 provides information on the populations in 2020 and 2030 that will experience
improved PM air qudity. There are Sgnificant populations that live in areas with meaningful reductions
in annua mean PM,, 5 concentrations resulting from the proposed rule. As shown, amost 10 percent of
the 2030 U.S. population are predicted to experience reductions of greater than 1 pug/m?®. Thisisan
increase from the 2.7 percent of the U.S. population that are expected to experience such reductionsin
2020. Furthermore, just over 20 percent of the 2030 U.S. population will benefit from reductionsin
annua mean PM, 5 concentrations of greater than 0.75 pug/m?® and dightly over 50 percent will livein
areas with reductions of greater than 0.5 pug/m?. Thisinformation indicates how widespread the
improvementsin PM air quality are expected to be and the large populations that will benefit from these
improvements.
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Table 9A-7
Distribution of PM 2.5 Air Quality I mprovements Over Population Due to Nonroad
Engine/Diesel Fuel Standards. 2020 and 2030

Changein Annual Mean 2020 Population 2030 Population
PM, ; Concentrations

(ng/m?) Number (millions) Percent (%) Number (millions) Percent (%)

D> PM,, Conc # 0.25 19.75% 8.04%

D.25>) PM,sConc # 0.5 55.97% 41.33%

D.5>) PM,,Conc #0.75 17.19% 30.20%

D.75>) PM,;Conc # 1.0 4.43% 10.82%

1.0>) PM,, Conc # 1.25 1.60% 2.48%

1.25>) PM,;Conc # 1.5 . 1.06% 4.36%

1.5>) PM,,Conc #1.75 0.00% 1.60%

) PM,,Conc >1.75 0.00% 1.18%

2 The changeis defined as the control case value minus the base case value.

Table 9A-7 provides additiond ingghts on the changesin PM air qudity resulting from the
proposed standards. The information presented previoudy in Table 9A-5 illustrated the absolute and
relative changes for different points dong the distribution of basdline 2020 and 2030 PM, 5
concentretion levels, e.g., the change reflects the lowering of the minimum predicted basdine
concentration rather than the minimum predicted change for 2020 and 2030. The latter is the focus of
Table 9A-7 asit presents the distribution of predicted changes in both absolute terms (i.e., pg/m?®) and
relative terms (i.e., percent) acrossindividud REMSAD grid-cdlls. Therefore, it provide more
information on the range of predicted changes associated with the proposed rule. As shown for 2020,
the absolute reduction in annua mean PM, s concentration ranged from alow of 0.02 ug/m?® to a high of
1.36 pg/n, while the relative reduction ranged from alow of 0.3 percent to a high of 12.2 percent.
Alternatively, for 2030, the absolute reduction ranged from 0.02 to 2.03 pg/n?, while the relative
reduction ranged from 0.4 to 15.5 percent.
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Table 9A-8.
Summary of Absolute and Relative Changesin PM Air Quality Dueto Nonroad
Engine/Diesdl Fuel Standar ds: 2020 and 2030
2020 2030

Satistic PM, 5 Annual Mean PM, 5 Annual Mean

A\bsolute Change from Base Case (ug/m°)?

Minimum

Maximum

Average

Median

Population-Weighted Average ©

Relative Change from Base Case (%)°

Minimum -0.33% -0.44%

Maximum -12.24% -15.52%

Average -2.44% -3.32%

Median -2.33% -3.13%

Population-Weighted Average © -3.28% -4.38%

2 The absolute change is defined as the control case value minus the base case value for each REMSAD grid-cell.

® The relative change is defined as the absolute change divided by the base case vaue, or the percentage change,
for each gridcell. Theinformation reported in this section does not necessarily reflect the same gridcell asis
portrayed in the absolute change section.

¢ Calculated by summing the product of the projected gridcell population and the estimated gridcell PM
absolute/rel ative measure of change, and then dividing by the total population in the 48 contiguous states.

9A.2.2 Ozone Air Quality Estimates

We use the emissions inputs summarized in Section 9A.1 with aregiond-scae verson of
CAMX to estimate ozone air quaity in the Eagtern and Western U.S. CAMX is an Eulerian three-
dimensiona photochemica grid air quaity model designed to calculate the concentrations of both inert
and chemicdly reactive pollutants by smulating the physical and chemica processes in the atmosphere
that affect ozone formation. Because it accounts for spatia and tempora variations aswell as
differences in the reactivity of emissons, the CAMX is useful for evauating the impacts of the proposed
rule on U.S. ozone concentrations. As discussed earlier in Chapter 2, dthough the model tends to
underestimate observed ozone, especiadly over the western U.S,, it exhibits less bias and error than any
past regiona 0zone modeling application conducted by EPA (i.e, OTAG, On-highway Tier-2, and HD
EngineDied Fud).
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Our analysis applies the modeling system separately to the Eastern and Western U.S. for five
emissions scenarios. a 1996 basdine projection, a 2020 baseline projection and a 2020 projection with
nonroad controls, a 2030 basdline projection and a 2030 projection with nonroad controls. As
discussed in the Benefits Andysis TSD, we use the relative predictions from the model by combining
the 1996 base-year and each future-year scenario with ambient air quaity observations to determine
the expected change in 2020 or 2030 ozone concentrations due to the rule (Abt Associates, 2003).
These results are used solely in the benefits analysis.

The CAMx modeling system requires a variety of input files that contain information pertaining
to the modeling domain and smulation period. These include gridded, day-specific emissions estimates
and meteorologicd fields, initid and boundary conditions, and land-use information. The mode divides
the continental United States into two regions. East and West. As gpplied to each region, the model
segments the areawithin the subject region into square blocks caled grids (roughly equa in sizeto
counties), each of which has severa layers of ar conditions that are considered in the andysis. Using
this data, the CAMx modd generates predictions of hourly ozone concentrations for every grid. We
then calibrate the results of this process to develop 2020 and 2030 ozone profiles at monitor sites by
normalizing the observations to the observed ozone concentrations at each monitor Site. For areas
(grids) without ozone monitoring data, we interpolated ozone values using data from monitors
surrounding the area. After completing this process, we calculated daily and seasona 0zone metricsto
be used as inputs to the hedth and wedfare C-R functions of the benefits andysis. The following
sections provide a more detailed discusson of each of the stepsin this evauation and a summary of the
results.

9A.2.2.1 Modeling Domain

The modeling domain representing the Eastern U.S. is the same as that used previoudy for
OTAG and the On-highway Tier-2 rulemaking. As shown in Figure 9A-4, this domain encompasses
most of the Eastern U.S. from the East coast to mid-Texas and consigts of two grids with differing
resolutions. The modeling domain extends from 99 degrees to 67 degrees west longitude and from 26
degreesto 47 degrees north latitude. The inner portion of the modeling domain shown in Figure 9A-4
uses arddively fine grid of 12 km congsting of nine vertical layers. The outer area has less horizontal
resolution, as it uses a 36 km grid with the same nine verticd layers. The verticd height of the modding
domain is 4,000 meters above ground leve for both aress.

The moddling domain representing the Western U.S. is the same as that used previoudy for the
On-highway Tier-2 rulemaking. As shown in Figure 9A-5, this domain encompasses the areawest of
the 99" degree longitude (which runs through North and South Dakota, Nebraska, K ansas, Oklahoma,
and Texas) and congsts of two grids with differing resolutions. The domain extends from 127 degrees
to 99 degrees west longitude and from 26 degrees to 52 degrees north latitude. The inner portion of
the modeing domain shown in Figure 9A-5 uses ardatively fine grid of 12 km consisting of deven
verticd layers. The outer area hasless horizonta resolution, asit uses a 36 km grid with the same
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eleven verticd layers. The verticd height of the modeling domain is 4,800 meters above ground leve.
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Figure 9A-4. CAMx Eagtern U.S. Modding Domain.

Note: The inner arearepresents fine grid modeling at 12 km resolution, while the outer area represents the
coarse grid modeling at 36 km resolution.
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Figure 9A-5. CAMx Western U.S. Modding Domain.

Note: Theinner arearepresents fine grid modeling at 12 km resolution, while the outer area represents the

coarse grid modeling at 36 km resolution.
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9A.2.2.2 Smulation Periods

For usein this benefits andyss, the smulation periods modeled by CAMX included severd
multi-day periods when ambient measurements recorded high ozone concentrations. A smulation
period, or episode, consists of meteorological data characterized over ablock of daysthat are used as
inputs to the air qudity model. A smulation period is sdected to characterize avariety of ozone
conditions including some days with high 0zone concentrations in one or more portions of the U.S. and
observed exceedances of the 1-hour NAAQS for ozone being recorded at monitors. We focused on
the summer of 1995 for salecting the episodes to modd in the East and the summer of 1996 for
selecting the episodes to modd in the West because each is arecent time period for which we had
mode-ready meteorological inputs and this timeframe contained severd periods of elevated ozone over
the Eagtern and Western U.S,, respectively. Asdetalled in the air quality modding TSD, thisandyss
used three multi-day meteorological scenarios during the summer of 1995 for the moddl smulations
over the eastern U.S.: June 12-24, July 5-15, and August 7-21. Two multi-day meteorological
scenarios during the summer of 1996 were used in the moddl smulations over the western U.S.: July 5
15 and July 18-31. Each of the five emissions scenarios (1996 base year, 2020 base, 2020 control,
2030 basdline, 2030 control) were smulated for the selected episodes. These episodesinclude athree
day “ramp-up” period to initiadize the modd, but the results for these days are not used in this andysis.

9A.2.2.3 Converting CAMx Outputsto Full-Season Profilesfor Benefits Analysis

This study extracted hourly, surface-layer ozone concentrations for each grid-cdl from the
standard CAMXx output file containing hourly average ozone vaues. These modd predictions are used
in conjunction with the observed concentrations obtained from the Aerometric Information Retrieval
System (AIRS) to generate ozone concentrations for the entire ozone season.%¢  The predicted
changes in 0zone concentrations from the future-year base case to future-year control scenario serve as
inputs to the hedlth and welfare C-R functions of the benefits andysis, i.e., the Criteria Air Pollutant
Modeling System (CAPMYS).

In order to estimate ozone-related hedlth and welfare effects for the contiguous U.S,, full-
season ozone data are required for every CAPMS grid-cdll. Given available ozone monitoring data,
we generated full-season ozone profiles for each location in the contiguous 48 States in two steps: (1)
we combine monitored observations and modeled ozone predictions to interpolate hourly ozone
concentrations to agrid of 8 km by 8 km population grid-cells, and (2) we converted these full-season

P The ozone season for this analysis is defined as the 5-month period from May to September; however, to
estimate certain crop yield benefits, the modeling results were extended to include months outside the 5-month
0zOne season.

EBased on AIRS, there were 961 ozone monitors with sufficient data, i.e., 50 percent or more days reporting at
least 9 hourly observations per day (8 am to 8 pm) during the ozone season.
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hourly ozone profiles to an ozone measure of interest, such asthe daily average. 9 For the andysis of
0zone impacts on agriculture and commercid forestry, we use a smilar approach except air qudity is
interpolated to county centroids as opposed to population grid-cells. We report 0zone concentrations
as acumulative index called the SUM06. The SUMO6 is the sum of the ozone concentrations for every
hour that exceeds 0.06 parts per million (ppm) within a 12-hour period from 8 am to 8 pmin the
months of May to September. These methods are described in detall in the benefits analysis technica
support document (Abt Associates, 2003).

9A.2.2.4 Ozone Air Quality Results

This section provides a summary the predicted ambient ozone concentrations from the CAMXx
modd for the 2020 and 2030 base cases and changes associated with the Nonroad Engine/Diesel Fuel
control scenario. In Tables 9A-8 and 9A-9, we provide those ozone metrics for grid-cellsin the
Eagtern and Western U.S. respectively, that enter the concentration response functions for health
benefits endpoints. In addition to the standard frequency statistics (e.g., minimum, maximum, average,
median), we provide the population-weighted average which better reflects the basdine levels and
predicted changes for more populated areas of the nation. This measure, therefore, will better reflect
the potentia benefits of these predicted changes through exposure changes to these populations.

As shown in Table 9A-8, for the 2020 ozone season, the proposed rule results in average
reductions of roughly 2 percent, or between 0.57 to 0.85 ppb, in the daily average o0zone concentration
metrics across the Eastern U.S. population grid-cells. For the 2030 ozone season, the average
reductions in the daily average ozone concentration are between 3 and 3.5 percent, or between 0.91 to
1.35 ppb. A dightly lower rdative decline is predicted for the population-weighted average, which
reflects the observed increases in 0zone concentrations for certain hours during the year in highly
populated urban areas associated with NOx emissions reductions (see more detailed discussion in
Chapter 2). Additionally, the daily 1-hour maximum ozone concentrations are predicted to decline
between 2.3 and 3.6 percent in 2020 and 2030 respectively, i.e., between 1.05 and 1.66 ppb.

As shown in Table 9A-9, for the 2020 ozone season, the proposed rule results in average
reductions of roughly 1.5 percent, or between 0.57 to 0.52 ppb, in the daily average ozone
concentration metrics across the Western U.S. population grid-cells. For the 2030 ozone season, the
average reductions in the daily average ozone concentration are roughly 2 percent, or between 0.61 to
0.82 ppb. Additiondly, the daily 1-hour maximum ozone concentrations are predicted to decline
between 1.3 and 2.1 percent in 2020 and 2030 respectively, i.e., between 0.62 and 0.97 ppb.

FThe 8 km grid squares contain the population data used in the health benefits analysis model, CAPMS. See
Section C of this appendix for a discussion of this model.

®This approach is a generalization of planar interpolation that is technically referred to as enhanced Voronoi
Neighbor Averaging (EVNA) spatial interpolation (See Abt Associates (2003) for a more detailed description).
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As discussed in more detail in Chapter 2, our ozone air quality moddling showed that the NOx
emissions reductions from the preliminary modeled standards are projected to result in increasesin
ozone concentrations for certain hours during the year, especidly in urban, NOx limited areas. These
increases are often observed within the highly populated urban areas in Cdifornia. Asaresult, the
popul ation-weighted metrics for ozone shown in Table 9A-9 indicate increases in concentrations. Most
of these increases are expected to occur during hours where ozone levels are low (and often below the
one-hour ozone standard). These increase are accounted for in the benefits analys's because it relies on
the changes in 0zone concentrations across the entire distribution of basdline levels. However, as
detailed in Chapter 2 and illustrated by the results from Tables 9A-8 and 9A-9, most of the country
experiences decreases in 0zone concentrations for most hours in the year.

In Table 9A-10, we provide the seasonal SUM06 ozone metric for counties in the Eastern and
Western U.S. that enters the concentration response function for agriculture benefit end-points. This
metric is a cumulaive threshold measure so that the increase in basgline NOx emissons from Tier 2
post-control to this rulemaking have resulted in alarger number of rural counties exceeding the hourly
0.06 ppm threshold. As aresult, changesin ozone concentrations for these counties are contributing to
greater impacts of the Nonroad Diesd Engine rule on the seasond SUMO06 ozone metric. As shown,
the average across dl Eastern U.S. counties declined by 78 percent, or dmost 17 ppb. Similarly high
percentage reductions are observed across the other points on the distribution with the maximum
declining by amost 30 ppb, or 55 percent, and the median declining by amaost 20 ppb, or 83 percent.
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Table 9A-9.
Summary of CAMx Derived Ozone Air Quality Metrics Due to Nonroad Engine/Diesel Fuel Standards
for Health Benefits EndPoints. Eastern U.S.

Satistic 2

Paily 1-Hour Maximum Concentration

-2.80% -4.31%

-0.90% -1.70%

-2.30% X -3.64%

-2.71% -3.80%

-1.31% -2.25%

-4.13%

-0.64%

-3.45%

-3.58%

-1.96%

-2.64% -4.07%

-0.31% . -0.67%

-2.16% . -3.44%

-2.33% . -3.76%

-1.08% -1.93%

(ppb)

-2.57% -3.96%

-0.25% . -0.58%

-2.13% -3.40%

-2.30% . -3.89%

-1.00 -1.80%

(ppb)

-3.52%

0.07%

-3.14%

-3.48%

Population-Weighted Average ¢ -1.23%

 These ozone metrics are calculated at the CAMX grid-cell level for use in health effects estimates based on the results of spatial and temporal V oronoi
Neighbor Averaging. Except for the daily 24-hour average, these ozone metrics are calculated over relevant time periods during the daylight hours of the
“ozone season,” i.e., May through September. For the 5-hour average, the relevant time period is 10 am to 3 pm; for the 8-hr average, itis9 amto 5 pm; and,
for the 12-hr averageitis8 amto 8 pm.

® The changeis defined as the control case value minus the base case value. The percent changeis the “Change” divided by the “Base Case,” and then
multiplied by 100 to convert the value to a percentage.

¢ The base case minimum (maximum) is the value for the CAMX grid cell with the lowest (highest) value.

¢ Calculated by summing the product of the projected CAMX grid-cell population and the estimated CAMX grid-cell seasonal ozone concentration, and then
dividing by the total population.
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Table 9A-10.
Summary of CAMx Derived Ozone Air Quality Metrics Due to Nonroad Engine/Diesel Fuel Standards
for Health Benefits EndPoints. Western U.S.

Percent Change

Satistic Percent Change®

Paily 1-Hour Maximum Concentration (ppb)

-0.03% -0.05%

2.42% . 3.01%

-1.31% -2.07%

-1.19% -1.43%

Popul ation-Weighted Average ¢ . 0.54% . 0.58%

Paily 5-Hour Average Concentration (ppb)

-0.04% -0.05%

1.56% . 3.57%

-1.26% -2.00%

-1.04% -1.70%

Popul ation-Weighted Average ¢ . 0.84% . 1.03%

Paily 8-Hour Average Concentration (ppb)

-0.04% -0.05%

0.84% . 3.67%

-1.25% -1.99%

-1.03% -1.79%

Popul ation-Weighted Average ¢ . 0.88% . 1.10%

Daily 12-Hour Average Concentration (ppb)

1.39% . 2.01%

1.18% . 1.24%

-1.23% -1.95%

-0.97% -1.50%

Popul ation-Weighted Average ¢ . 1.02% . 1.32%

Daily 24-Hour Average Concentration (ppb)

1.60% . 2.30%

0.43% . 0.30%

-1.14% -1.82%

-0.89% -1.85%

Popul ation-Weighted Average ¢ . 1.31% . 1.77%

 These ozone metrics are calculated at the CAMX grid-cell level for use in health effects estimates based on the results of spatial and temporal V oronoi
Neighbor Averaging. Except for the daily 24-hour average, these ozone metrics are calculated over relevant time periods during the daylight hours of the
“ozone season,” i.e., May through September. For the 5-hour average, the relevant time period is 10 am to 3 pm; for the 8-hr average, itis9 amto 5 pm; and,
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for the 12-hr averageitis 8 am to 8 pm.

* The change is defined as the control case value minus the base case value. The percent change is the “Change” divided by the “Base Case,” and then
multiplied by 100 to convert the value to a percentage.

© The base case minimum (maximum) is the value for the CAMX grid cell with the lowest (highest) value.

¢ Calculated by summing the product of the projected CAMX grid-cell population and the estimated CAMX grid-cell seasonal ozone concentration, and then
dividing by the total population.

Table 9A-11.
Summary of CAMx Derived Ozone Air Quality Metrics Due to Nonroad Engine/Diesel Fuel Standards
for Welfare Benefits Endpoints. 2020 and 2030

Satigtic®
Eastern U.S.
5umO06 (ppm)

0.00 -

-3.30 -4.91 . -8.07%

-0.72 -15.10 -22.43%

-0.76 -35.02 -34.84%

Western U.S.
SumO6 (ppm)

6.14%

-11.72%

2 SUMO6 is defined as the cumulative sum of hourly ozone concentrations over 0.06 ppm (or 60 ppb) that occur
during daylight hours (from 8am to 8pm) in the months of May through September. It is calculated at the county
level for usein agricultural benefits based on the results of temporal and spatial VVoronoi Neighbor Averaging.

® The change is defined as the control case value minus the base case value. The percent change is the “ Change”
divided by the “Base Case,” which isthen multiplied by 100 to convert the value to a percentage.

¢ The base case minimum (maximum) is the value for the county level observation with the lowest (highest)
concentration.
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9A.2.3 Visbility Degradation Estimates

Vishility degradation is often directly proportiona to decreasesin light transmitta in the
atmosphere. Scattering and absorption by both gases and particles decrease light transmittance. To
quantify changesin vishility, our andyss computes a light-extinction coefficient, based on the work of
Sider (1996), which shows the tota fraction of light that is decreased per unit distance. This coefficient
accounts for the scattering and absorption of light by both particles and gases, and accounts for the
higher extinction efficiency of fine particles compared to coarse particles. Fine particles with significant
light-extinction efficiencies include sulfates, nitrates, organic carbon, eemental carbon (soot), and ol
(Sider, 1996).

Based upon the light-extinction coefficient, we dso cadculated a unitless vishility index, cdled a
“deciview,” which is used in the valuation of visibility. The deciview metric provides alinear scale for
perceived visua changes over the entire range of conditions, from clear to hazy. Under many scenic
conditions, the average person can generaly percelve a change of one deciview. The higher the
deciview vaue, the worse the vishility. Thus, an improvement in visibility is adecrease in deciview
value.

Table 9A-11 provides the distribution of vigibility improvements across 2020 and 2030
populations resulting from the Nonroad Engine/Diesd Fuel rule. The mgority of the 2030 U.S.
population live in areas with predicted improvement in annua average vishility of between 0.4 to 0.6
deciviews resulting from the proposed rule. As shown, almost 20 percent of the 2030 U.S. population
are predicted to experience improved annua average visihility of greater than 0.6 deciviews.
Furthermore, roughly 70 percent of the 2030 U.S. population will benefit from reductions in annua
average vighility of greater than 0.4 deciviews. Theinformation provided in Table 9A-11 indicates
how widespread the improvementsin visihility are expected to be and the share of populations that will
benefit from these improvements.

Because the vishility benefits andyd's distinguishes between generd regiond vighility
degradation and that particular to Federaly-designated Class | aress (i.e., nationa parks, forests,
recregtion aress, wilderness aress, €ic.), we separated estimates of vishility degradation into
“resdentid” and “recregtiond” categories. The estimates of vishility degradation for the “recrestiona”
category apply to Federally-designated Class | areas, while estimates for the “residentid” category
apply to non-Class | areas. Deciview estimates are estimated using outputs from REMSAD for the
2020 and 2030 base cases and control scenarios.

Table 9A-12.
Didribution of Populations Experiencing Vishility Improvements Due to Nonroad Diesd Engine
Standards: 2020 and 2030
2020 Population 2030 Population

Improvements in Visibility 2 Number
(annual average deciviews) (millions) Percent (%) Number (millions) Percent (%)
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0> Deciview # 0.2 52.0 15.8% 11.6 3.3%
0.2>)) Deciview # 0.4 1155 35.0% 179.7 50.5%
0.4>) Deciview # 0.6 813 24.7% 90.5 25.4%
0.6 > Deciview # 0.8 62.0 18.8% 491 13.8%
0.8>)) Deciview # 1.0 13.2 4.0% 16.4 4.6%

) Deciview > 1.0 5.6 1.7% 85 2.4%

& The change is defined as the control case deciview level minus the base case deciview level.

9A.2.3.1 Residential Visbility Improvements

Air quaity modeling results predict that the Nonroad Engine/Diesd Fud rule will creste
improvementsin vighility through the country. In Table 9A-12, we summarize resdentid vishility
improvements across the Eastern and Western U.S. in 2020 and 2030. The baseline annua average
vighility for dl U.S. countiesis 14.8 deciviews. The mean improvement across dl U.S. countiesis 0.28
deciviews, or dmost 2 percent. In urban areas with a population of 250,000 or more (i.e., 1,209 out
of 5,147 counties), the mean improvement in annua visbility was 0.39 deciviews and ranged from 0.05
to 1.08 deciviews. Inrurd aress (i.e., 3,938 counties), the mean improvement in visibility was 0.25
deciviews in 2030 and ranged from 0.02 to 0.94 deciviews.

On average, the Eagtern U.S. experienced dightly larger absolute but smdler rdative
improvements in visihbility than the Western U.S. from the Nonroad Engine/Diesdl Fud reductions. In
Eastern U.S,, the mean improvement was 0.34 deciviews from an average basdline of 19.32 deciviews.
Western counties experienced a mean improvement of 0.21 deciviews from an average baseline of
9.75 deciviews projected in 2030. Overdl, the data suggest that the Nonroad Engine/Diesd Fud rule
has the potentia to provide widespread improvements in visibility for 2030.

Table 9A-13.
Summary of Basdine Residentia Vishility and Changes by Region: 2020 and 2030
(Annua Average Deciviews)

astern U.S. 20.27 0.24 1.3% 20.54 0.33 1.7%
Urban 21.61 0.24 1.2% 21.94 0.33 1.6%
Rural 19.73 0.24 1.3% 19.98 0.33 1.8%

estern U.S. 8.69 0.18 2.1% 8.83 0.25 2.8%
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Urban 9.55 0.25 2.7% 9.78 0.35 3.6%
Rura 8.50 0.17 2.0% 8.61 0.23 2.7%
ational, all counties 14.77 0.21 1.7% 14.98 0.29 2.3%
Urban 17.21 0.24 1.7% 17.51 0.34 2.3%
Rural 14.02 0.20 1.6% 14.20 0.28 2.2%

2 Eastern and Western regions are separated by 100 degrees north longitude. Background visibility conditions
differ by region.

b An improvement in visibility is a decrease in deciview value. The change s defined as the Nonroad
Engine/Diesel Fuel control case deciview level minus the basecase deciview level.

9A.2.3.2 Recreational Visbility mprovements

In Table 9A-13, we summarize recregtiond vishility improvements by region in 2020 and 2030
in Federd Class| areas. These recreationd visibility regions are shown in Figure 9A-6. As shown, the
nationa improvement in vishility for these areas increases from 1.5 percent, or 0.18 deciviews, in 2020
to 2.1 percent, or 0.24 deciviews, in 2030. Predicted reative vighbility improvements are the largest in
the Western U.S. as shown for California (3.2% in 2030), and the Southwest (2.9%) and the Rocky
Mountain (2.5%). Federd Class| areasin the Eastern U.S. are predicted to have an absolute
improvement of 0.24 deciviewsin 2030, which reflectsa 1.1 to 1.3 percent change from 2030 basdine
vishility of 20.01 deciviews.
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Table 9A-14.
Summary of Basdine Recreationd Vishility and Changes by Region: 2020 and 2030
Annud Average Deciviews

Class| Visibility Regions®

Northeast/Midwest

egtern U.S.

Cdifornia

Southwest

Rocky Mountain

Northwest

& Regions are pictured in Figure V1-5 and are defined in the technical support document (see Abt Associates, 2003).

® Animprovement in visibility is adecrease in deciview value. The change is defined as the Nonroad
Engine/Diesel Fuel control case deciview level minus the basecase deciview level.
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Note: Study regions were represented in the Chestnut and Rowe (1990a, 1990b) studies used
in evauating the benefits of vighility improvements, while transfer regions used extrgpolated
study results.

Figure 9A-6. Recreationd Vighility Regionsfor Continental U.S.

Northw est

Roc ky M oun tain ;‘

Northeast/Midwest

Southwes't
California

: Southeast

Study Region
Transfer Region

9A.3 Benefit Analysis- Data and M ethods

Environmenta and health economists have a number of methods for estimating the economic
vaue of improvementsin (or deterioration of) environmenta quality. The method used in any given
Stuation depends on the nature of the effect and the kinds of data, time, and resources that are available
for investigation and andysis. This section provides an overview of the methods we selected to quantify
and monetize the benefitsincluded in this RIA.

Given changes in environmentd qudity (ambient ar qudlity, vishility, nitrogen and sulfate
deposition), the next step is to determine the economic value of those changes. We follow a“damage-
function” gpproach in caculating totd benefits of the modded changesin environmenta qudity. This
gpproach estimates changes in individual health and welfare endpoints (pecific effects that can be
associated with changesin air quaity) and assigns vaues to those changes assuming independence of
the individud vaues. Totd benefits are calculated smply as the sum of the values for al non-
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overlgpping hedth and welfare endpoints. Thisimposes no overdl preference structure, and does not
account for potentia income or subgtitution effects, i.e. adding a new endpoint will not reduce the vaue
of changesin other endpoints. The “damage-function” gpproach is the standard approach for most
cost-benefit andyses of environmenta quality programs, and has been used in severa recent published
analyses (Banzhaf et d., 2002; Levy et d, 2001; Levy et a, 1999; Ostro and Chestnut, 1998).

In order to assess economic vaue in a damage-function framework, the changesin
environmental quality must be trandated into effects on people or on the things that people vaue. In
some cases, the changes in environmenta quality can be directly vaued, asisthe case for changesin
vighility. In other cases, such asfor changesin ozone and PM, a hedth and welfare impact andysis
must first be conducted to convert air qudity changes into effects that can be assigned dollar values.

For the purposes of this RIA, the hedlth impacts andysisis limited to those hedlth effects that
are directly linked to ambient levels of air pollution, and specificaly to those linked to ozone and
particulate matter. There are known hedlth effects associated with other emissions expected to be
reduced by these standards, however, due to limitationsin air quaity models, we are unable to quantify
the changes in the ambient levels of CO, SO,, and air toxics such as benzene. There may be other,
indirect health impacts associated with implementation of controls to meet the preliminary control
options, such as occupationa health impacts for equipment operators. These impacts may be positive
or negative, but in generd, for this set of preliminary control options, are expected to be smdl relative
to the direct air pollution related impacts.

The wefare impacts andyssis limited to changesin the environment that have a direct impact
on human wefare. For thisanalysis, we are limited by the available data to examining impacts of
changesin vighility and agricultura yidds. We aso provide quditative discussons of the impact of
changes in other environmenta and ecologica effects, for example, changesin deposition of nitrogen
and sulfur to terrestrid and aguiatic ecosystems, but we are unable to place an economic vaue on these
changes.

We note at the outset that EPA rarely has the time or resources to perform extensive new
research to measure ether the hedlth outcomes or their vauesfor thisanalyss. Thus, smilar to Kunzli
et a (2000) and other recent health impact andyses, our estimates are based on the best available
methods of benefits transfer. Bendfits transfer isthe science and art of adapting primary research from
smilar contexts to obtain the most accurate measure of benefits for the environmenta qudity change
under analyss. Where appropriate, adjustments are made for the level of environmenta quality change,
the sociodemographic and economic characterigtics of the affected population, and other factorsin
order to improve the accuracy and robustness of benefits estimates.

9A.3.1 Valuation Concepts

In valuing hedlth impacts, we note that reductions in ambient concentrations of air pollution
generdly lower the risk of future adverse hedth affects by afairly smal amount for alarge population.
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The gppropriate economic messure is therefore willingness-to-pay for changesin risk prior to the
regulaion (Freeman, 1993). In generd, economigtstend to view an individud’ s willingness-to-pay
(WTP) for aimprovement in environmenta qudlity as the appropriate measure of the value of arisk
reduction. Anindividud’s willingness-to-accept (WTA) compensation for not recaiving the
improvement is also avaid measure. However, WTPis generdly consdered to be a more readily
available and conservative measure of benefits. Adoption of WTP as the measure of value implies that
the value of environmenta qudity improvementsis dependent on the individual preferences of the
affected population and that the exigting distribution of income (ability to pay) is appropriate. For some
hedlth effects, such as hospital admissions, WTP estimates are generdly not available. In these cases,
we use the cogt of treating or mitigating the effect as a primary etimate. These codts of illness (COI)
edimates generaly understate the true vaue of reductionsin risk of a hedth effect, reflecting the direct
expenditures related to treatment but not the value of avoided pain and suffering from the hedth effect
(Harrrington and Portnoy, 1987; Berger, 1987).

For many goods, WTP can be observed by examining actual market transactions. For
example, if agdlon of bottled drinking water sellsfor one dollar, it can be observed that at least some
persons are willing to pay one dollar for such water. For goods not exchanged in the market, such as
most environmentd “goods,” vauation is not as sraightforward. Neverthdess, avaue may be inferred
from observed behavior, such as sdes and prices of products that result in smilar effects or risk
reductions, (e.g., non-toxic cleaners or bike hdmets). Alternatively, surveys may be used in an attempt
to directly dicit WTP for an environmenta improvement.

Onedigtinction in environmenta benefits estimation is between use vaues and non-use values.
Although no generd agreement exists among economists on a precise digtinction between the two (see
Freeman, 1993), the general nature of the differenceis clear. Use values are those aspects of
environmentd qudity that affect an individua’ s welfare more or less directly. These effectsinclude
changes in product prices, quality, and availability, changes in the qudity of outdoor recreation and
outdoor aesthetics, changes in hedlth or life expectancy, and the costs of actions taken to avoid negeative
effects of environmenta quality changes.

Non-use vaues are those for which an individua iswilling to pay for reasons that do not relate
to the direct use or enjoyment of any environmenta benefit, but might relate to existence values and
bequest values. Non-use values are not traded, directly or indirectly, in markets. For this reason, the
measurement of non-use values has proved to be significantly more difficult than the measurement of
usevaues. Theair qudity changes produced by the Nonroad Diesel Engine rule cause changes in both
use and non-use values, but the monetary benefit estimates are dmost exclusively for use values.

More frequently than not, the economic benefits from environmenta quality changes are not
traded in markets, so direct measurement techniques can not be used. There are three main non-
market va uation methods used to develop vaues for endpoints considered in thisanalyss. These
include stated preference (or contingent valuation), indirect market (e.g. hedonic wage), and avoided
cost methods.
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The stated preference or CV method vaues endpoints by using carefully structured surveysto
ask asample of people what amount of compensation is equivaent to a given change in environmenta
quaity. Thereisan extengve scientific literature and body of practice on both the theory and technique
of stated preference based valuation. EPA believes that well-designed and well-executed stated
preference studies are valid for estimating the benefits of air quaity regulation." Stated preference
vauation studies form the basis for vauing a number of hedth and welfare endpoints, including the vaue
of mortdlity risk reductions, chronic bronchitis risk reductions, minor illness risk reductions, and vishility
improvements.

Indirect market methods can aso be used to infer the benefits of pollution reduction. The most
important gpplication of this technique for our analysisis the calculation of the value of agatisticd life
for usein the estimate of benefits from mortality risk reductions. There exists no market where changes
in the probability of desath are directly exchanged. However, people make decisons about occupation,
precautionary behavior, and other activities associated with changesin the risk of deeth. By examining
these risk changes and the other characteristics of peopl€' s choices, it is possible to infer information
about the monetary values associated with changes in mortality risk (see Section 9A.3.5.5.1).

Avoided cost methods are ways to estimate the costs of pollution by using the expenditures
made necessary by pollution damage. For example, if buildings must be cleaned or painted more
frequently aslevels of PM increase, then the appropriately caculated increment of these codtsisa
reasonable lower bound estimate (under most conditions) of true economic benefits when PM levels
arereduced. Avoided costs methods are also used to estimate some of the hedlth-related benefits
related to morbidity, such as hospital admissons (see section 9A.3.5).

The mogt direct way to measure the economic value of air quality changesisin cases where the
endpoints have market prices. For thefind rule, this can only be done for effects on commercid
agriculture. Well-established economic modeling approaches are used to predict price changes that
result from predicted changes in agricultura outputs. Consumer and producer surplus measures can
then be developed to give rdiable indications of the benefits of changes in ambient air qudity for this
category (see Section 9A.3.6.2).

HConcerns about the reliability of value estimates from CV studies arose because research has shown that bias
can be introduced easily into these studiesif they are not carefully conducted. Accurately measuring WTP for
avoided health and welfare losses depends on the reliability and validity of the data collected. There are several
issues to consider when evaluating study quality, including but not limited to 1) whether the sample estimates of
WTP are representative of the population WTP; 2) whether the good to be valued is comprehended and accepted by
the respondent; 3) whether the WTP dlicitation format is designed to minimize strategic responses; 4) whether WTP
is sensitive to respondent familiarity with the good, to the size of the change in the good, and to income; 5) whether
the estimates of WTP are broadly consistent with other estimates of WTP for similar goods; and 6) the extent to
which WTP responses are consistent with established economic principles.
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9A.3.2 Growth in WTP Reflecting National Income Growth Over Time

Our analyss accounts for expected growth in real income over time. Economic theory argues
that WTP for most goods (such as environmenta protection) will increase if red incomes increase.
Thereis substantia empirica evidence that the income dadticity’ of WTP for hedlth risk reductionsis
positive, dthough there is uncertainty about its exact vaue. Thus, asred income increases the WTP for
environmenta improvements dso increases. While many andyses assume that the income eadticity of
WTP isunit dadtic (i.e., ten percent higher real income level implies aten percent higher WTPto
reduce risk changes), empirica evidence suggests that income eadicity is substantialy less than one and
thusrelatively indagtic. Asred incomerises, the WTP vaue aso rises but a a dower rate than red
income.

The effects of redl income changes on WTP estimates can influence benefit estimatesin two
different ways. (1) through real income growth between the year a WTP study was conducted and the
year for which benefits are estimated, and (2) through differences in income between study populations
and the affected populations at a particular time. Empirica evidence of the effect of red income on
WTP gathered to date is based on studies examining the former. The Environmental Economics
Advisory Committee (EEAC) of the SAB advised EPA to adjust WTP for increasesin red income
over time, but not to adjust WTP to account for cross-sectiond income differences “because of the
sengtivity of making such digtinctions, and because of insufficient evidence available at present” (EPA-
SAB-EEAC-00-013).

Based on areview of the available income dadticity literature, we adjust the vauation of human
hedlth benefits upward to account for projected growth in real U.S. income. Faced with a dearth of
estimates of income dadticities derived from time-series sudies, we gpplied estimates derived from
cross-sectionad studiesin our andlysis. Details of the procedure can be found in Kleckner and
Neumann (1999). An abbreviated description of the procedure we used to account for WTP for redl
income growth between 1990 and 2030 is presented below.

Reported income dadticities suggest that the severity of a hedth effect isa primary determinant
of the srength of the relationship between changesin real income and WTP. As such, we use different
eadticity estimatesto adjust the WTP for minor hedlth effects, severe and chronic hedlth effects, and
premature mortdity. We aso expect that the WTP for improved visbility in Class | areas would
increase with growth in real income. The dadticity values used to adjust estimates of benefitsin 2020
and 2030 are presented in Table 9A-11.

'Income easticity is a common economic measure equal to the percentage change in WTP for a one percent
change in income.
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Table 9A-15. Elasticity Values Used to Account for Projected Real Income Growth®

Benefit Categor Central Elasticity Estimate

Minor Hedlth Effect

Severe and Chronic Hedlth Effects

Premature Mortality

Visibility?
A Derivation of estimates can be found in Kleckner and Neumann (1999) and Chestnut (1997). Cost of IlIness (COl)

estimates are assigned an adjustment factor of 1.0.
& No range was applied for visibility because no ranges were available in the current published literature.

In addition to eladticity estimates, projections of rea GDP and populations from 1990 to 2020
and 2030 are needed to adjust benefits to reflect real per capitaincome growth. For consistency with
the emissions and benefits modeling, we use nationa population estimates for the years 1990 to 1999
basad on U.S. Census Bureau estimates (Hollman, Mulder and Kallan, 2000). These population
estimates are based on application of a cohort-component mode applied to 1990 U.S. Census data
projections. For the years between 2000 and 2030, we applied growth rates based on the U.S.
Census Bureau projections to the U.S. Census estimate of national population in 2000. We use
projections of redl GDP provided in Kleckner and Neumann (1999) for the years 1990 to 2010¢. We
use projections of real GDP (in chained 1996 dollars) provided by Standard and Poor’s for the years
2010 to 2024. The Standard and Poor’ s database only provides estimates of real GDP between 1990
and 2024. We were unable to find reliable projections of GDP past 2024. As such, we assume that
per capita GDP remains constant between 2024 and 2030.

Using the method outlined in Kleckner and Neumann (1999), and the population and income
data described above, we cdculate WTP adjustment factors for each of the eadticity estimateslisted in
Table 1. Benefits for each of the categories (minor hedlth effects, severe and chronic hedlth effects,
premature mortdity, and vishility) will be adjusted by multiplying the unadjusted benefits by the
appropriate adjustment factor. Table 2 lists the estimated adjustment factors. Note that for premature
mortality, we apply the income adjustment factor ex post to the present discounted value of the stream
of avoided mortalities occurring over the lag period. Also note that no adjustments will be made to
benefits based on the cost-of -ilIness approach or to work loss days and worker productivity. This

JU.S. Bureau of Census. Annual Projections of the Total Resident Population, Middle Series, 1999-2100.
(Available on the internet at http://www.census.gov/popul ation/www/projections/natsum-T1.html)

KU.S. Bureau of Economic Analysis, Table 2A (1992%). (Available on the internet at
http://www.bea.doc.gov/bea/dn/0897nip2/tab2a.htm) and U.S. Bureau of Economic Analysis, Economics and Budget
Outlook. Note that projections for 2007 to 2010 are based on average GDP growth rates between 1999 and 2007.

LStandard and Poor’s. 2000. “The U.S. Economy: The 25 Year Focus.” Winter.
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assumption will aso lead us to under predict benefitsin future years Snceit islikdly that increasesin redl
U.S. income would aso result in increased cogt-of-illness (due, for example, to increases in wages paid
to medical workers) and increased cost of work loss days and lost worker productivity (reflecting that
if worker incomes are higher, the losses resulting from reduced worker production would aso be
higher). No adjustments are needed for agricultura benefits, as the mode is based on projections of
supply and demand in future years and should aready incorporate future changes in red income.

Table 9A-16. Adjustment Factors Used to Account for Projected Real |ncome Growth”

2020 2030°

Minor Hedth Effect

Severe and Chronic Hedth Effects

Premature Mortaity

Visibility
A Based on elasticity values reported in Table 9A-11, US Census population projections, and projections of real
gross domestic product per capita

B Income growth adjustment factor for 2030 is based on an assumption that there is no growth in per capitaincome
between 2024 and 2030, based on alack of available GDP projections beyond 2024.

9A.3.3 Methods for Describing Uncertainty

In any complex andysis usng estimated parameters and inputs from numerous models, there
are likely to be many sources of uncertainty.™ This andysisisno exception. Asoutlined both in this
and preceding chapters, there are many inputs used to derive the find estimate of benefits, including
emisson inventories, air quality models (with their associated parameters and inputs), epidemiologica
estimates of concentration-response (C-R) functions, estimates of vaues (both from WTP and cost-of-
illness sudies), population estimates, income estimates, and estimates of the future sate of the world
(i.e, regulations, technology, and human behavior). Each of these inputs may be uncertain, and
depending on their location in the benefits andlyss, may have a disproportionately large impact on find
estimates of totd benefits. For example, emissions estimates are used in the first stage of the andysis.
As such, any uncertainty in emissions estimates will be propagated through the entire andysis. When
compounded with uncertainty in later stages, smdl uncertainties in emisson levels can lead to much
larger impacts on total benefits. A more thorough discussion of uncertainty can be found in the benefits
technical support document (TSD) (Abt Associates, 2003).

M 1t should be recognized that in addition to uncertainty, the annual benefit estimates for the Nonroad Diesel
Engines rulemaking presented in this analysis are a'so inherently variable, due to the truly random processes that
govern pollutant emissions and ambient air quality in agiven year. Factors such as engine hours and weather
display constant variability regardless of our ability to accurately measure them. As such, the estimates of annual
benefits should be viewed as representative of the types of benefits that will be realized, rather than the actual
benefits that would occur every year.
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Some key sources of uncertainty in each stage of the benefits anadyss are;

- Gapsin stientific dataand inquiry;

- Vaiability in estimated relationships, such as C-R functions, introduced through differences
in study design and statisticd moddling;

- Errorsin measurement and projection for variables such as population growth retes,

- Errors due to misspecification of mode structures, including the use of surrogate variables,
such as using PM;, when PM,, 5 is not available, excluded variables, and smplification of
complex functions, and

- Biasesdueto omissons or other research limitations.

Some of the key uncertainties in the benefits andlysis are presented in Table 9A-13. Given the
wide variety of sources for uncertainty and the potentialy large degree of uncertainty about any primary
edimate, it is necessary for usto address thisissue in severa ways, based on the following types of
uncertainty:

a Quantifiable uncertainty in benefits estimates.  For some parameters or inputs it may be
possible to provide a datistical representation of the underlying uncertainty distribution.
Quantitative uncertainty may include measurement uncertainty or variation in estimates across or
within sudies. For example, the variation in VSL results across the 26 studies that underlie the
Base Edtimate represent a quantifiable uncertainty.

b. Uncertainty in the basis for quantified estimates. Often it is possible to identify a source of
uncertainty (for example, an ongoing debate over the proper method to estimate premature
mortality) that is not reaedily addressed through traditional uncertainty analysis. In these cases, it
is possible to characterize the potentia impact of this uncertainty on the overdl benefits
edimates through sengitivity andyses.

C. Nonquantifiable uncertainty. Uncertainties may aso result from omissions of known effects
from the benefits caculation, perhagps owing to alack of data or modeling capability. For
example, in this anayss we were unable to quantify the benefits of avoided airborne nitrogen
deposition on agquatic and terrestrial ecosystems, or avoided health and environmenta effects
associated with reductionsin CO emissons.

It should be noted that even for individua endpoints, there is usualy more than one source of
uncertainty. This makesit difficult to provide an overd| quantified uncertainty estimate for individua
endpoints or for total benefits. For example, the C-R function used to estimate avoided premature
mortality has an associated standard error which represents the sampling error around the pollution
coefficient in the estimated C-R function. It is possble to report a confidence interval around the
estimated incidences of avoided premature mortality based on this tandard error. However, this
would omit the contribution of air quality changes, basdline population incidences, projected
populations exposed, and trangferability of the C-R function to diverse locations to uncertainty about

9-104



Cost-Benefit Analysis
premature mortdity. Thus, a confidence interva based on the standard error gives amideading picture
about the overdl uncertainty in the estimates. Information on the uncertainty surrounding particular C-R
and vauation functionsis provided in the benefits TSD for this RIA (Abt Associates, 2003). But, this
information should be interpreted within the context of the larger uncertainty surrounding the entire
andyss.

Our approach to characterizing model uncertainty isto present a primary estimate of the
benefits, based on the best available scientific literature and methods, and to then provide sensitivity
andysesto illugrate the effects of uncertainty about key analytical assumptions. Our analysis of the
preliminary control options has not included forma integrated uncertainty andyses, dthough we have
conducted severd sengitivity tests and have andlyzed afull Alternative Estimate based on changes to
severd key model parameters. The recent NAS report on estimating public hedlth benefits of air
pollution regulations recommended that EPA begin to move the assessment of uncertainties from its
ancillary andysesinto its primary andyses by conducting probabilistic, multiple-source uncertainty
andyses. We are working to implement these recommendations, however, for this proposal we do not
attempt to assign probabilities to sengtivity estimates due to alack of peer-reviewed methods. At this
time, we Smply demondgtrate the sengtivity of our benefits results to key parameters which may be
uncertain. Sengtivity estimates are presented in Appendix 9B.

Our estimate of total benefits should be viewed as an approximate result because of the sources
of uncertainty discussed above (see Table 9A-13). Uncertainty about specific aspects of the hedth and
welfare estimation modds are discussed in greater detail in the following sections and in the benefits
TSD (Abt Associates, 2003). The total benefits estimate may understate or overstate actua benefits of
the rule.

In congdering the monetized benefits estimates, the reader should remain aware of the many
limitations of conducting these andyses mentioned throughout thisRIA. One Sgnificant limitation of
both the hedth and welfare benefits analyses is the inability to quantify many of the serious effects listed
in Table 9A-1. For many heath and welfare effects, such as changes in ecosystem functions and PM-
related materials damage, reliable C-R functions and/or vauation functions are not currently available.
In generd, if it were possible to monetize these benefits categories, the benefits estimates presented in
thisandysswould incresse. Unquantified benefits are qualitatively discussed in the hedlth and wdlfare
effects sections. In addition to unquantified benefits, there may aso be environmenta codts that we are
unable to quantify. Severd of these environmentd cost categories are related to nitrogen depostion,
while one category is rdated to the issue of ultraviolet light. These endpoints are quditatively discussed
in the hedlth and wedlfare effects sections as well. The net effect of excluding benefit and disbenefit
categories from the estimate of tota benefits depends on the relative magnitude of the effects.
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Table 9A-17. Primary Sources of Uncertainty in the Benefit Analysis

1. Uncertainties Associated With Concentration-Response Functions

The value of the ozone- or PM-coefficient in each C-R function.

Application of asingle C-R function to pollutant changes and populationsin all locations.

Similarity of future year C-R relationships to current C-R relationships.

Correct functional form of each C-R relationship.

Extrapolation of C-R relationships beyond the range of ozone or PM concentrations observed in the study.
Application of C-R relationships only to those subpopulations matching the original study population.

. Uncertainties Associated With Ozone and PM Concentrations

Responsiveness of the models to changesin precursor emissions resulting from the control policy.

Projections of future levels of precursor emissions, especially ammonia and crustal materials.

Model chemistry for the formation of ambient nitrate concentrations.

Lack of ozone monitorsin rural areas requires extrapolation of observed ozone data from urban to rural areas.

Use of separate air quality models for ozone and PM does not allow for afully integrated analysis of pollutants
their interactions.

Full ozone season air quality distributions are extrapolated from alimited number of simulation days.

Comparison of model predictions of particulate nitrate with observed rural monitored nitrate levelsindicates

that REMSAD overpredicts nitrate in some parts of the Eastern US and underpredicts nitrate in parts of the

Western US.

. Uncertainties Associated with PM Mortality Risk

No scientific literature supporting a direct biological mechanism for observed epidemiologica evidence.
Direct causal agents within the complex mixture of PM have not been identified.
The extent to which adverse health effects are associated with low level exposures that occur many timesin the
ear versus peak exposures.
i Theextent to which effects reported in the long-term exposure studies are associated with historically higher
levels of PM rather than the levels occurring during the period of study.
Reliability of the limited ambient PM , ¢ monitoring dataiin reflecting actual PM , 5 exposures.

. Uncertainties Associated With Possible Lagged Effects

The portion of the PM-related long-term exposure mortality effects associated with changes in annual PM
evels  would occur in asingle year is uncertain as well as the portion that might occur in subsequent years.

. Uncertainties Associated With Baseline Incidence Rates

Some baseline incidence rates are not location-specific (e.g., those taken from studies) and may therefore not
accurately represent the actual |ocation-specific rates.

Current baseline incidence rates may not approximate well baseline incidence ratesin 2030.

Projected population and demographics may not represent well future-year population and demographics.

. Uncertainties Associated With Economic Valuation

Unit dollar values associated with health and welfare endpoints are only estimates of mean WTP and therefore
ave uncertainty surrounding them.

Mean WTP (in constant dollars) for each type of risk reduction may differ from current estimates due to

differencesin income or other factors.

Future markets for agricultural and forestry products are uncertain.

7. Uncertainties Associated With Aggregation of Monetized Benefits

i Health and welfare benefits estimates are limited to the available C-R functions. Thus, unquantified or
unmonetized benefits are not included.
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9A.3.4 Demogr aphic Projections

Quantified and monetized human hedth impacts depend criticaly on the demographic
characterigtics of the population, including age, location, and income. In previous andyses, we have
used smple projections of total population that did not take into account changesin demographic
composition over time. In the current analys's, we use more sophisticated projections based on
economic forecasting mode s developed by Woods and Poole, Inc. The Woods and Poole (WP)
database contains county level projections of population by age, sex, and race out to 2025.
Projectionsin each county are determined Smultaneoudy with every other county inthe U.S. to take
into account patterns of economic growth and migration. The sum of growth in county level populations
is congtrained to equa a previoudy determined nationd population growth, based on Bureau of Census
estimates (Hollman, Mulder and Kallan, 2000). According to WP, linking county level growth
projections together and congraining to anationa leve tota growth avoids potentia errors introduced
by forecasting each county independently. County projections are developed in afour stage process.
Firdt, nationd level variables such asincome, employment, populations, etc. are forecasted. Second,
employment projections are made for 172 economic areas defined by the Bureau of Economic
Anayss, usng an “export-basg’ approach, which relies on linking industrial sector production of non-
locdly consumed production items, such as outputs from mining, agriculture, and manufacturing with the
national economy. The export-base approach requires estimation of demand equations or caculation
of historica growth rates for output and employment by sector. Third, population is projected for each
economic area based on net migration rates derived from employment opportunities, and following a
cohort-component method based on fertility and mortality in eech area. Fourth, employment and
population projections are repeated for counties, using the economic region totals as bounds. The age,
sex, and race digtributions for each region or county are determined by aging the population by single
year of age by sex and race for each year through 2025 based on historica rates of mortdity, fertility,
and migration.

The WP projections of county level population are based on historical population data from
1969-1999, and do not include the 2000 Census resullts. Given the availability of detailed 2000
Census data, we constructed adjusted county level population projections for each future year usng a
two stage process. Firgt, we congtructed ratios of the projected WP populationsin a future year to the
projected WP population in 2000 for each future year by age, sex, and race. Second, we multiplied
the block level 2000 Census population data by the appropriate age, sex, and race specific WP ratio
for the county containing the census block, for each future year. Thisresultsin asgt of future
population projections that is consistent with the most recent detailed census data. The WP projections
extend only through 2025. To calculate populations for 2030, we applied the growth rate from 2024 to
2025 to each year between 2025 and 2030.
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Figure 9A-7 shows the projected trends in total U.S. population and the percentage of total
population aged zero to eighteen and over 65. Thisfigureillustrates that total populations are projected
increase from 281 million in 2000 to 345 million in 2025. The percent of the population 18 and under
is expected to decrease dightly, from 27 to 25 percent, and the percent of the population over 65 is
expected to increase from 12 percent to 18 percent.
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Figure 9A-7.
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As noted above, vaues for environmenta quaity improvements are expected to increase with
growth in red per capitaincome. Accounting for red income growth over time requires projections of
both red gross domestic product (GDP) and total U.S. populations. For consistency with the
emissions and benefits modding, we use national population estimates based on the U.S. Census
Bureau projections. We use projections of real GDP provided in Kleckner and Neumann (1999) for
the years 1990 to 2010." We use projections of real GDP (in chained 1996 dollars) provided by
Standard and Poor’ s for the years 2010 to 2024.° The Standard and Poor’ s database only provides
estimates of real GDP between 1990 and 2024. We were unable to find reliable projections of GDP
beyond 2024. As such, we assume that per capita GDP remains constant between 2024 and 2030.
This assumption will lead us to under-predict benefits because at least some level of income growth
would be projected to occur between the years 2024 and 2030.

9A.3.5 Health Benefits Assessment M ethods

The most sgnificant monetized benefits of reducing ambient concentrations of PM and ozone
are attributable to reductions in hedlth risks associated with air pollution. EPA’s Criteria Documents for
ozone and PM list numerous hedlth effects known to be linked to ambient concentrations of these
pollutants (US EPA, 1996aand 1996b). Asillugtrated in Figure 9A.1, quantification of health impacts
requires severa inputs, including concentration-response functions, basdline incidence and prevalence
rates, potentialy affected populations, and estimates of changes in ambient concentrations of air
pollution. Previous sections have described the population and air qudity inputs. This section
describes the C-R functions and basdline incidence and prevaence inputs, and the methods used to
quantify and monetize changesin the expected number of incidences of various hedth effects.

9A.3.5.1 Sdlecting Concentr ation-Response Functions

Quantifiable health benefits of the modeled preliminary control options may be related to ozone
only, PM only, or both pollutants. Decreased worker productivity, respiratory hospital admissions for
children under two, and school absences are related to ozone but not PM. PM-only hedlth effects
include premature mortality, non-fata heart attacks, asthma emergency room visits, chronic bronchitis,

N US Bureau of Economic Analysis, Table 2A (1992%). (Available on the internet at
http://www.bea.doc.gov/bealdn/0897nip2/tab2a.htm) and US Bureau of Economic Analysis, Economics and Budget
Outlook. Note that projections for 2007 to 2010 are based on average GDP growth rates between 1999 and 2007.

© Standard and Poor’s. 2000. “The U.S. Economy: The 25 Y ear Focus.” Winter 2000.

9-110



Cost-Benefit Analysis

acute bronchitis, upper and lower respiratory symptoms, and work loss days.” Hedth effectsrelated to
both PM and ozone include hospita admissions and minor restricted activity days.

We rdlied on the most recently available, published scientific literature to ascertain the
relationship between particulate matter and ozone exposure and adverse human hedth effects. We
evauated studies using the sdlection criteria summarized in Table 9A-18. These criteriainclude
consderation of whether the study was peer-reviewed, the match between the pollutant studied and the
pollutant of interest, the study design and location, and characterigtics of the study population, among
other consderations. The sdection of C-R functions for the benefits anadyssis guided by the god of
achieving a baance between comprehensiveness and scientific defensibility.

Recently, the Hedlth Effects Indtitute (HEI) reported findings by investigators at Johns Hopkins
University and others that have raised concerns about aspects of the statistical methods used in a
number of recent time-series studies of short-term exposuresto air pollution and hedth effects
(Greenbaum, 20028). Some of the concentration-response functions used in this benefits analyss were
derived from such short-term studies. The estimates derived from the long-term exposure studies,
which account for amgjor share of the benefits in the Base Estimate, are not affected. Asdiscussed in
HEI materias provided to sponsors and to the Clean Air Scientific Advisory Committee (Greenbaum,
20023, 2002b), these investigators found problemsin the default "convergence criterid’ used in
Generdized Additive Modds (GAM) and a separate issue firgt identified by Canadian investigators
about the potentia to underestimate standard errorsin the same statistical package.  These and other
investigators have begun to reandyze the results of severa important time series studies with dterndtive
datistical approaches that address these issues and have found a downward revision of some results.
For example, the mortality risk estimates for short-term exposure to PM; from NMMAPS were
overestimated (this sudy was not used in this benefits analyss of fine particle effects). However, both
the relative magnitude and the direction of bias introduced by the convergence issue is case-specific. In
most cases, the concentration-response relationship may be overestimated; in other cases, it may be
underestimated.  The preliminary reandyses of the mortality and morbidity components of NMMAPS
suggest that analyses reporting the lowest relative risks appear to be affected more greetly by this error
than studies reporting higher relative risks (Dominici et d., 2002; Schwartz and Zanobetti, 2002).

Our examination of the origind studies used in this andysis finds that the hedth endpoints that
are potentidly affected by the GAM issuesinclude: reduced hospita admissonsin both the Base and

P Some evidence has been found linking both PM and ozone exposures with premature mortality. The SAB has
raised concerns that mortality-related benefits of air pollution reductions may be overstated if separate pollutant-
specific estimates, some of which may have been obtained from models excluding the other pollutants, are
aggregated. In addition, there may be important interactions between pollutants and their effect on mortality (EPA-
SAB-Council-ADV-99-012, 1999).

Because of concern about overstating of benefits and because the evidence associating mortality with exposure
to PM iscurrently stronger than for ozone, only the benefits related to the long-term exposure study (ACS/Krewkski,
et a, 2000) of mortality are included in the total primary benefits estimate. The benefits associated with ozone
reductions are presented as a sensitivity analysisin Appendix 9-B but are not included in the estimate of total
benefits.
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Alternative Estimates; reduced lower respiratory symptoms in the both the Base and Alternative
Edtimates; and reduced premature mortality due to short-term PM exposuresin the Alternative
Egimate.  While resolution of these issuesislikdly to take some time, the preliminary results from
ongoing reanayses of some of the studies used in our benefits andlysis (Dominici et a, 2002; Schwartz
and Zanobetti, 2002; Schwartz, personal communication 2002) suggest a more modest effect of the
S-plus error than reported for the NMMAPS PM,, mortdity sudy.  While we wait for further
clarification from the scientific community, we have chasen not to remove these results from the
Nonroad Diesel benefits estimates, nor have we dected to apply any interim adjustment factor based
on the prdiminary reanalyses. EPA will continue to monitor the progress of this concern, and make
appropriate adjustments as further information is made available.

While a broad range of serious health effects have been associated with exposure to elevated
ozone and PM leves (as noted for example in Table 9A-1 and described more fully in
the ozone and PM Criteria Documents (US EPA, 1996a, 1996b), we include only a subset of hedth
effectsin this quantified benefit andyss. Hedlth effects are excluded from this analysis for three
reasons. (i) the possibility of double counting (such as hospita admissions for specific respiratory
diseases); (i) uncertainties in gpplying effect relationships based on clinical sudiesto the affected
population; or (iii) alack of an established C-R relationship.

In generd, the use of results from more than asingle study can provide a more robust estimate
of the relationship between a pollutant and a given hedth effect. However, there are often differences
between studies examining the same endpoint which make it difficult to pool the resultsin a consstent
manner. For example, there are two studies that examine the relationship between PM and hospital
admissions for asthma. One study examined the relationship between PM,, and admissions for
populations under the age of 65, and one examined the relationship between PM,, 5 and populations 18
and younger. Each study provides a C-R function from which the total asthma ER visits avoided can
be estimated. However, they are not compatible estimates for two reasons. First, one study is based
on PM,, and another on PM, 5. For many hedlth effects, PM, 5 is more toxic than PM,, (which is
composed of both PM,, 5 and coarse PM). As such, for agiven change in PM, s, a PM 44 function will
yield alower estimate of avoided admissons relaive to a PM,, 5 function. Pooling the two estimates will
yield adownwardly biased estimate. Second, based on the evidence that most ER vists for asthma
occur in the 18 and younger population, it would be expected that most of the impact measured in the
65 and younger population would actualy be due to increases in admissions for the 18 and younger
population. However, the C-R function would assume that the increase in risk occurs evenly
throughout the population, understating the impact on the 18 and younger population. Thus, pooling the
two estimates would result in adownwardly biased estimate of the avoided asthma ER visitsin the 18
and younger population. Conversdy, if we were to pool the two estimates to obtain an estimate of the
avoided ER viditsin the under 65 population, we would bias that estimate downward, because the 18
and younger study omits a potentialy relevant populatiorf. For this reason, we consder very carefully

Q One could apply the C-R function from the 18 and younger study to the full population under 65, but this
would likely result in an upwardly biased estimate, given that most asthma ER visits occur in the 18 and younger

9-112



Cost-Benefit Analysis
the set of studies available examining each endpoint, and select a consistent subset that provides a good
balance of population coverage and match with the pollutant of interest. In many cases, either dueto a
lack of multiple studies, consistency problems, or clear superiority in the quality or comprehensiveness
of one study over others, a single published study is selected as the basis of the C-R relationship.

When severd estimated C-R rel ationships between a pollutant and a given hedlth endpoint have
been sdlected, they are quantitatively combined or pooled to derive amore robust estimate of the
relaionship. The benefits TSD provides detalls of the procedures used to combine multiple C-R
functions (Abt Associates, 2003). In generd, we use fixed or random effects models to pool estimates
from different studies of the same endpoint. Fixed effects pooling smply weights each sudies etimate
by the inverse variance, giving more weight to studies with greater satistical power (lower variance).
Random effects pooling accounts for both within-study variance and between-study variability, due for
example to differences in population susceptibility. We use the fixed effects modd as our null
hypothesis, and then determine whether the data suggest that we should regject this null hypothesis, in
which case we would use the random effects model.” Pooled C-R functions are used to estimate
hospital admissonsrelated to PM and asthma-related emergency room vidts related to ozone.

Concentration-response relationships between a pollutant and a given hedlth endpoint are
gpplied congstently across al locations nationwide. This gpplies to both C-R relationships defined by a
single C-R function and those defined by a pooling of multiple C-R functions. Although the C-R
relationship may, in fact, vary from one location to another (for example, due to differencesin
population susceptibilities or differences in the composition of PM), location-specific C-R functions are
generdly not available.

The specific sudies from which C-R functions for calculating the Base and Alternative estimates
are drawvn areincluded in Table 9A-14. A complete discussion of the C-R functions used for this
andysis and information about each endpoint are contained in the benefits TSD for thisRIA (Abt
Associates, 2003). Basic information on each endpoint is presented below.

population.

RThe fixed effects model assumes that there is only one pollutant coefficient for the entire modeled area. The
random effects model assumes that different studies are estimating different parameters, and therefore there may be a
number of different underlying pollutant coefficients.
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Table 9A-18.
Summary of Considerations Used in Selecting C-R Functions

Peer reviewed Peer reviewed research is preferred to research that has not undergone the peer review
research process.
Study type Among studies that consider chronic exposure (e.g., over ayear or longer) prospective

cohort studies are preferred over cross-sectional studies (a.k.a. "ecological studies") because
they control for important confounding variables that cannot be controlled for in

cross-sectional studies. If the chronic effects of a pollutant are considered more important

than its acute effects, prospective cohort studies may also be preferable to longitudinal time
series studies because the | atter type of study is typically designed to detect the effects of
short-term (e.g. daily) exposures, rather than chronic exposures. If short-term effects are
considered more important, distributed lag approaches, which assume that mortality

following a PM event will be distributed over a number of days following the event, are
preferred over daily mortality studies. (Daily mortality studies examine the impact of PM2.5 on
mortality on asingle day or over the average of several days).

Study period Studies examining arelatively longer period of time (and therefore having more data) are
preferred, because they have greater statistical power to detect effects. More recent studies
are aso preferred because of possible changes in pollution mixes, medical care, and life style
over time. However, when there are only afew studies available, studies from all years will be

included.
Study Studies examining arelatively large sample are preferred. Studies of narrow population
population groups are generally disfavored, although this does not exclude the possibility of studying

populations that are potentially more sensitive to pollutants (e.g., asthmatics, children,
elderly). However, there are tradeoffs to comprehensiveness of study population. Selecting
a C-R function from a study that considered all ages will avoid omitting the benefits
associated with any population age category. However, if the age distribution of a study
population from an "all population” study is different from the age distribution in the
assessment population, and if pollutant effects vary by age, then bias can be introduced into
the benefits analysis.

Study location U.S. studies are more desirable than non-U.S. studies because of potential differencesin
pollution characteristics, exposure patterns, medical care system, population behavior and life
style.

Pollutants Models with more pollutants are generally preferred to models with fewer pollutants, though

included in careful attention must be paid to potential colinearity between pollutants. Because PM has

model been acknowledged to be an important and pervasive pollutant, models that include some

measure of PM are highly preferred to those that do not.

Measure of PM PM, . and PM ,, are preferred to other measures of particul ate matter, such as total suspended
particulate matter (TSP), coefficient of haze (COH), or black smoke (BS) based on evidence
that PM , ; and PM ,, are more directly correlated with adverse health effects than are these
other measures of PM. For thisanalysis, PM2.5 is preferred to PM 10 because reductionsin
emissions from diesel engines are expected to reduce fine particles and not have much impact
on coarse particles. Where PM2.5 functions are not available, PM 10 functions are used as
surrogates, recognizing that there will be potential downward (upward) biasesif the fine
fraction of PM 10 is more (less) toxic than the coarse fraction.
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Economically
valuable health
effects

Some health effects, such as forced expiratory volume and other technical measurements of
lung function, are difficult to value in monetary terms. These health effects are not quantified
inthisanalysis.

Non-overlapping
endpoints

Although the benefits associated with each individua health endpoint may be analyzed
separately, care must be exercised in selecting health endpoints to include in the overall
benefits analysis because of the possibility of double counting of benefits. Including
emergency room visitsin a benefits analysis that already considers hospital admissions, for
example, will result in double counting of some benefits if the category "hospital admissions’
includes emergency room visits.
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Table 9A-109.
Endpoints and Studies Used to Calculate Total Monetized Health Benefits

Premature Mortality

Base— L ong-term exposure Krewski, et a. (2000)*

Alternative— Short-term exposure® Schwartz et a. (1996) adjusted using ratio of distributed lag to
single day coefficientsfrom Schwartz et d. (2000)

hronic IlIness

hronic Bronchitis Abbey, et a. (1995) > 26 years

on-fatal Heart Attacks Peterset al. (2001) Adults

ospital Admissions

espiratory Pooled estimate: > 64 years
Schwartz (1995) - ICD 460-519 (al resp)

Schwartz (1994a, 1994b) - ICD 480-486 (pneumonia)
Moolgavkar et d. (1997) - ICD 480-487 (pneumonia)
Schwartz (1994b) - |CD 491-492, 494-496 (COPD)
Moolgavkar et a (1997) - ICD 490-496 (COPD)

Burnett et al. (2001)

Pooled estimate:
Moolgavkar (2000) - ICD 490-496 (COPD)
Lippman et . (2000) - ICD 490-496 (COPD)

Moolgavkar (2000) - |CD 490-496 (COPD)

Lippman et a. (2000) - |CD 480-486 (pneumonia)

Sheppard, et dl. (1999) - 1CD 493 (asthmia)

ardiovascular Pooled estimate:

Moolgavkar (2000) - ICD 390-429 (all cardiovascular)
Lippman et . (2000) - |CD 410-414, 427-428 (ischemic heart
disease, dysrhythmia, heart failure)

Moolgavkar (2000) - ICD 390-429 (all cardiovascular) 20-64 years

hsthma-Related ER Visits Pooled estimate: Weisdl et dl. (1995), Cody et dl. (1992), Stieb All ages
etdl. (1996)

Norriset al. (1999) 0-18years

Pther Health Endpoints

A\ cute Bronchitis Dockery et al. (1996) 8-12years

Popeet al. (1991) Asthmatics, 9-11 years

Pooled estimate: Schwartz et a. (1994); Schwartz and Neas 7-14years
(2000)

Ostro (1987) 18-65 years

Bchool Absence Days Pooled estimate:
Gilliland et al (2001) 9-10years
Cheneta (2000) 6-11years

orker Productivity Ozone Crocker and Horst (1981) and U.S. EPA (1984) Outdoor workers, 18-65

inor Restricted Activity Days PM s, Ozone Ostro and Rothschild (1989) 18-65 years
A Edimate derived from Table 31, PM2.5(DC), All CausesMode (Relative Risk =1.12 for a24.5  g/nt increasein mean PM, ).

- Premature Mortality
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Both long and short-term exposures to ambient levels of air pollution have been associated with
increased risk of premature mortdity. The sze of the mortdity risk estimates from these
epidemiological sudies, the serious nature of the effect itsdlf, and the high monetary vaue ascribed to
prolonging life make mortdity risk reduction the most important heath endpoint quantified in this
andyss. Because of the importance of this endpoint and the considerable uncertainty among
economists and policymakers as to the appropriate way to vaue reductions in mortdity risks, this
section discusses some of the issues surrounding the estimation of premature mortdlity.

Hesdlth researchers have consstently linked air pollution, especialy PM, with excess mortdity.
Although a number of uncertainties remain to be addressed by continued research (NRC, 1998), a
subgtantid body of published scientific literature recognizes a correlation between devated PM
concentrations and increased mortdity rates. Two types of community epidemiologicd studies
(involving measures of short-term and long-term exposures and response) have been used to estimate
PM/ mortdity relationships. Short-term studies relate short-term (often day-to-day) changesin PM
concentrations and changes in daily mortdity rates up to severd days after a period of eevated PM
concentrations. Long-term studies examine the potentid relationship between longer-term (e.g., one or
more years) exposure to PM and annua mortdity rates. Researchers have found statistically significant
associations using both types of studies.

Base Edimate

Over a dozen sudies have found significant associations between various measures of
long-term exposure to PM and elevated rates of annua mortaity (e.g. Lave and Seskin, 1977,
Ozkaynak and Thurston, 1987). While most of the published studies found positive (but not always
datigticaly sgnificant) associations with available PM indices such as tota suspended particles (TSP),
fine particles components (i.e. sulfates), and fine particles, exploration of aternative mode
gpecifications sometimes found inconsstencies (e.g. Lipfert, 1989). These early "cross-sectiona”
Sudies were criticized for anumber of methodologicd limitations, particularly for inadequate control at
the individud levd for variables that are potentidly important in causng mortdity, such as wesdlth,
smoking, and diet. More recently, severa new, long-term studies have been published that use
improved approaches and appear to be consstent with the earlier body of literature. These new
"prospective cohort” studies reflect a significant improvement over the earlier work because they
include information on individua information with respect to measures rdated to hedth status and
resdence. The mos extensive study and analyses has been based on data from two prospective
cohort groups, often referred to as the Harvard " Six-City study” (Dockery et d., 1993) and the
"American Cancer Society or ACS study” ( Pope et d., 1995); these studies have found consistent
rel ationships between fine particle indicators and mortdity across multiple locationsinthe U.S. A third
magjor data set comes from the Cdifornia based 7th day Adventist sudy (e.g. Abbey et a, 1999),
which reported associations between long-term PM exposure and mortdity in men. Results from this
cohort, however, have been inconsistent and the air qudity results are not geographically representative
of mogt of the US. More recently, a cohort of adult male veterans (mostly current or past smokers)
diagnosed with hypertension has been examined (Lipfert et d., 2000). Unlike previous long-term
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andyses, this study found some associations between mortaity and ozone but found incons stent results
for PM indicators.

Given their condstent results and broad applicability to generd US populations, the Six-City
and ACS data have been of particular importance in benefits andyses.  The credibility of these two
gudiesis further enhanced by the fact that they were subject to extensive reexamination and reanalyss
by an independent scientific andysis team of experts compiled by the Hedlth Effects Indtitute (Krewski
et a., 2000). Thefina results of the reandysis were then independently peer reviewed by a Specid
Panel of the HEI Hedlth Review Committee. The results of these reanalyses confirmed and expanded
those of the origina investigators. This intensive independent reanaysis effort was occasioned both by
the importance of the origind findings as well as concerns that the underlying individua hedlth effects
information has never been made publicly available. The HEI re-examination lends credibility to the
origind studies but also found unexpected sengitivities concerning (a) which pollutants are most
important, (b) the role of education in mediating the association between pollution and mortdity, and (c)
the magnitude of the association depending on how spatia correlation was handled. Further
confirmation and extension of the overdl findings using more recent air quaity and ACS hedth
information was recently published in the Journd of the American Medical Association (Popeet d.,
2002). In generd, the risk estimates based on the long-term mortality studies are substantialy greater
than those derived from short-term studies.

In developing and improving the methods for estimating and valuing the potentia reductionsin
mortality risk over the years, EPA has consulted with a pand of the Science Advisory Board. That
pand recommended use of long-term prospective cohort studies in estimating mortality risk reduction
(EPA-SAB-COUNCIL-ADV-99-005, 1999). Thisrecommendation has been confirmed by a recent
report from the Nationa Research Council, which stated that “it is essentia to use the cohort studiesin
benefits andyss to capture al important effects from air pollution exposure.” More specificdly, the
SAB recommended emphasis on Pope, et d. (1995) because it includes amuch larger sample size and
longer exposure interval, and covers more locations (e.g. 50 cities compared to 6 cities examined in the
Harvard data) than other sudies of itskind. As explained in the regulatory impact analysis for the
Heavy-Duty Engine/Diesdl Fud rule (U.S. EPA, 2000a), more recent EPA benefits analyses have
relied on an improved specification from this data set that was developed in the HEI reandysis of this
sudy (Krewski et d., 2000). The particular specification estimated a C-R function based on changes
in mean levels of PM, 5, as opposed to the function in the origina study, which used median levels. This
specification aso includes a broader geographic scope than the origina study (63 cities versus 50).

The SAB has recently agreed with EPA's sdlection of this specification for use in analyzing mortaity
benefits of PM reductions (EPA-SAB-COUNCIL-ADV-01-004, 2001). For these reasons, the
present andys's uses the same C-R function in developing the Base Estimate of mortdity benefits.

Alternative Edimate

To reflect concerns about the inherent limitations in the number of studies supporting a causal
association between long-term exposure and mortaity, an Alternative benefit estimate was derived from
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the large number of time-series Sudies that have established alikdly causa relationship between
short-term measures of PM and daily mortdity statistics. A particular strength of such studiesisthe
fact that potentia confounding variables such as socio-economic status, occupation, and smoking do
not vary on a day-to-day basisin an individua area. A number of multi-city and other types of studies
strongly suggest that these effects-rel ationships cannot be explained by wegther, statistical approaches,
or other pollutants. The risk estimates from the vast mgjority of the short-term studies include the
effects of only one or two-day exposure to air pollution. More recently, severa studies have found that
the practice of examining the effects on asingle day basis may significantly understate the risk of
short-term exposures (Schwartz, 2000; Zanobetti et a, 2002). These studies suggest that the
short-term risk can double when the single-day effects are combined with the cumulative impact of
exposures over multiple days to weeks prior to a mortdity event.

The fact that the PM-mortdity coefficients from the cohort sudies are far larger than the
coefficients derived from the daily time-series studies provides some evidence for an independent
chronic effect of PM pollution on hedth. Indeed, the Base Estimate presumes that the larger
coefficients represent a more complete accounting of mortaity effects, including both the cumulative
total of short-term mortality as well as an additiond chronic effect. Thisis, however, not the only
possible interpretation of the disparity. Various reviewers have argued that 1) the long-term estimates
may be biased high and/or 2) the short-term estimates may be biased low. In thisview, the two study
types could be measuring the same underlying relationship.

Reviewers have noted some possible sources of upward biasin the long-term sudies. Some
have noted that the less robust estimates based on the Six-Cities Study are Sgnificantly higher than
those based on the more broadly distributed ACS data sets. Some reviewers have aso noted that the
observed mortdity associations from the 1980's and 90's may reflect higher pollution exposures from
the 1950'sto 1960's. While thiswould bias estimates based on more recent pollution levels upwards, it
aso would imply atruly long-term chronic effect of pollution.

With regard to possible sources of downward bias, it is of note that the recent studies suggest
that the single day time series studies may understate the short-term effect on the order of afactor of
two. These congderations provide a basis for consdering an Alternative Estimate using the most recent
egtimates from the wedlth of time-series sudies, in addition to one based on the long-term cohort
Sudies.

In essence, the Alternative Estimate addresses the above noted uncertainties about the
relationship between premature mortality and long-term exposures to ambient levels of fine particles by
assuming that there is no mortality effect of chronic exposuresto fine particles. Instead, it assumes that
the full impact of fine particles on premature mortdity can be cagptured using a concentration-response
function relating daily mortdity to short-term fine particle levels. Thiswill cearly provide alower bound
to the mortdity impacts of fine particle exposure, as it omits any additiona mortdity impacts from
longer term exposures.  Specificaly, a concentration- response function based on Schwartz et d.
(1996) is employed, with an adjustment to account for recent evidence that daily mortality is associated

9-119



Draft Regulatory Impact Analysis

with particle levels from a number of previous days (Schwartz, 2000). Previous daily mortaity studies
(Schwartz et al., 1996) examined the impact of PM, 5 on mortdity on asingle day or over the average
of two or more days. Recent analyses have found that impacts of elevated PM, 5 on agiven day can
elevate mortaity on a number of following days (Schwartz, 2000; Samet et a., 2000). Multi-day
modes are often referred to as "didtributed lag”" modd s because they assume that mortdity following a
PM event will be distributed over a number of days following or “lagging” the PM event.

There are no PM,, 5 daily mortdity studies which report numeric estimates of relative risks from
distributed lag models, only PM,, studies are available. Daily mortdity C-R functions for PM,, are
conggtently lower in magnitude than PM, .-mortality C-R functions, because fine particles are believed
to be more closaly associated with mortdity than the coarse fraction of PM. Given that the emissions
reductions under the Nonroad Diesdl Engine program result primarily in reduced ambient
concentrations of PM,, 5, use of a PM 4 based C-R function results in a Sgnificant downward biasin the
edimated reductions in mortaity. To account for the full potentid multi-day mortality impact of acute
PM, 5 events, we use the distributed lag modd for PM, reported in Schwartz (2000) to develop an
adjustment factor which we then apply to the PM, 5 based C-R function reported in Schwartz et al.
(1996).

If most of the increase in mortdity is expected to be associated with the fine fraction of PMq,
then it is reasonable to assume that the same proportiona increasein risk would be observed if a
distributed lag model were applied to the PM, 5 data. The distributed lag adjustment factor is
congtructed as the ratio of the estimated coefficient from the uncongtrained distributed lag mode to the
estimated coefficient from the single-lag model reported in Schwartz (2000). The uncondirained
digtributed lag mode coefficient estimate is 0.0012818 and the single-lag modd coefficient estimateis
0.0006479. Theratio of these estimatesis 1.9784. This adjustment factor is then multiplied by the
estimated coefficients from the Schwartz et d. (1996) study. There are two relevant coefficients from
the Schwartz et d. (1996) study, one corresponding to all-cause mortality, and one corresponding to
chronic obgtructive pulmonary disease (COPD) mortality (separation by cause is necessary to
implement the life years lost approach detailed below). The adjusted estimates for these two C-R
functions are:

All cause mortality = 0.001489 * 1.9784 = 0.002946
COPD mortality = 0.003246 * 1.9784 = 0.006422

Note that these estimates, while gpproximating the full impact of daily pollution levels on daily
degth counts, do not capture any impacts of long-term exposure to air pollution. As discussed earlier,
EPA's Science Advisory Board, while acknowledging the uncertainties in estimation of a PM-mortdity
relationship, has repeatedly recommended the use of a study that does reflect the impacts of long-term
exposure. This recommendation has been confirmed by the recent NRC report on estimating heglth
benefits of ar pollution regulations. The omission of long-term impacts accounts for gpproximately a 40
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percent reduction in the estimate of avoided premature mortaity in the Alternative Estimate relative to
the Base Edtimate.

- Chronic bronchitis

Chronic bronchitisis characterized by mucus in the lungs and a persstent wet cough for at least
three months a year for severa yearsin arow. Chronic bronchitis affects an estimated five percent of
the U.S. population (American Lung Association, 1999). There are alimited number of studiesthat
have estimated the impact of air pollution on new incidences of chronic bronchitis. Schwartz (1993)
and Abbey, et d.(1995) provide evidence that long-term PM exposure gives rise to the devel opment of
chronic bronchitisin the U.S. Because the nonroad standards are expected to reduce primarily PM., s,
this andlysis uses only the Abbey et d (1995) study, because it is the only study focusing on the
relationship between PM, s and new incidences of chronic bronchitis.

Non-fatal myocardia infarctions (heart attacks)

Non-fatal heart attacks have been linked with short term exposuresto PM2.5in the U.S.
(Peters et d. 2001) and other countries (Poloniecki et a. 1997). We use arecent study by Peters et
a. (2001) asthe basis for the C-R function estimating the relationship between PM2.5 and non-fatdl
heart attacks. Peterset d. isthe only avalable U.S. study to provide a specific estimate for heart
attacks. Other studies, such as Samet et d. (2000) and Moolgavkar et a. (2000) show a consstent
relationship between al cardiovascular hospital admissions, including for non-fatd heart attacks, and
PM. Given the lasting impact of a heart attack on longer-term health costs and earnings, we choose to
provide a separate estimate for non-fatal heart attacks based on the single available U.S. C-R function.
Thefinding of a specific impact on heart attacksis consstent with hospital admisson and other sudies
showing relationships between fine particles and cardiovascular effects both within and outsde the U.S.
These studies provide aweight of evidence for thistype of effect. Severa epidemiologic studies (Liao
et d, 1999; Gold et a, 2000; Magari et a, 2001) have shown that heart rate variability (an indicator of
how much the heart is able to speed up or dow down in response to momentary stresses) is negatively
related to PM levels. Heart rate variability isarisk factor for heart attacks and other coronary heart
diseases (Carthenon et al, 2002; Dekker et a, 2000; Liao et a, 1997, Tsuji et a. 1996). As such,
sgnificant impacts of PM on heart rate variability is congstent with an increased risk of heart attacks.

- Hospitd and emergency room admissons

Due to the availability of detailed hospita admission and discharge records, thereis an
extensve body of literature examining the relaionship between hospital admissons and air pollution.
Because of this, many of the hospita admission endpoints will use pooled C-R functions based on the
results of anumber of sudies. In addition, some studies have examined the relationship between air
pollution and emergency room (ER) vidts. Because most ER vidts do not result in an admission to the
hospital (the maority of people going to the ER are treated and return home) we trest hospital
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admissons and ER vigts separately, taking account of the fraction of ER vidts that are admitted to the
hospitd.

Hospita admissions require the patient to be examined by a physician, and on average may
represent more serious incidents than ER vigts. The two main groups of hospital admissions estimated
in this analysis are respiratory admissons and cardiovascular admissons. Thereis not much evidence
linking ozone or PM with other types of hospitd admissons. The only type of ER vists that have been
consgtently linked to ozone and PM in the U.S. are asthma-related visits.

To egtimate avoided incidences of cardiovascular hospital admissions associated with PM 2.5,
we use sudies by Moolgavkar (2000) and Lippmann et d (2000). There are additiona published
studies showing a gatigicaly significant relationship between PM 10 and cardiovascular hospita
admissions. However, given that the preliminary control options we are analyzing are expected to
reduce primarily PM2.5, we have chosen to focus on the two studies focusing on PM2.5. Both of
these studies estimated a C-R function for populations over 65, dlowing usto pool the C-R functions
for this age group. Only Moolgavkar (2000) estimated a separate C-R function for populations 20 to
64. Tota cardiovascular hospital admissons are thus the sum of the pooled estimate for populations
over 65 and the single study estimate for populations 20 to 64. Cardiovascular hospita admissons
include admissons for myocardid infarctions. In order to avoid double counting benefits from
reductionsin M1 when applying the C-R function for cardiovascular hospitd admissions, we first
adjusted the baseline cardiovascular hospital admissions to remove admissions for Ml.

To edtimate total avoided incidences of repiratory hospital admissions, we use C-R functions
for severa respiratory causes, including chronic obstructive pulmonary disease (COPD), pneumonia,
and ashma. Aswith cardiovascular admissions, there are additiona published studies showing a
datigticaly sgnificant relationship between PM 10 and respiratory hospitd admissions. We use only
those focusing on PM2.5. Both Moolgavkar (2000) and Lippmann et d (2000) estimated C-R
functions for COPD in populations over 65, dlowing usto pool the C-R functions for this group. Only
Moolgavkar (2000) estimated a separate C-R function for populations 20 to 64. Total COPD hospital
admissions are thus the sum of the pooled estimate for populations over 65 and the single study estimate
for populations 20 to 64. Only Lippmann et d (2000) estimated pneumonia, and only for the
population 65 and older. In addition, Sheppard, et a. (1999) estimated a C-R function for asthma
hospital admissons for populations under age 65. Tota avoided incidences of PM-related respiratory-
related hospital admissionsis the sum of COPD, pneumonia, and asthma admissons.

To egimate the effects of PM air pollution reductions on asthma-relaed ER vists, we use the
C-R function based on a study of children 18 and under by Norriset d. (1999). Asnoted earlier, there
is another study by Schwartz examining a broader age group (less than 65), but the Schwartz study
focused on PM 10 rather than PM2.5. We sdlected the Norris et al. (1999) C-R function because it
better matched the pollutant of interest. Because children tend to have higher rates of hospitalization for
asthmareative to adults under 65, we will likely capture the mgority of the impact of PM2.5 on asthma
ER vigtsin populations under 65, dthough there may ill be significant impacts in the adult population
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under 65. Because we are estimating ER vists aswell as hospital admissons for asthma, we must
avoid counting twice the ER vidits for asthma that are subsequently admitted to the hospitd. To avoid
double-counting, the basdline incidence rate for ER vidtsis adjusted by subtracting the percentage of
patients that are admitted into the hospital.

To edimate avoided incidences of respiratory hospital admissions associated with ozone, we
use anumber of sudies examining hospital admissons for arange of respiratory illnesses, including
pneumonia and COPD. Two age groups, adults over 65 and children under 2, are examined. For
adults over 65, Schwartz (1995) provides C-R functions for 2 different cities relating ozone and
hospital admissions for al respiratory causes (defined as ICD codes 460-519). These C-R functions
are pooled first before being pooled with other studies. Two studies (Moolgavkar et ., 1997,
Schwartz, 1994a) examined ozone and pneumonia hospital admissions in Minnegpolis. One additiona
study (Schwartz, 1994b) examined ozone and pneumonia hospital admissonsin Detroit. The C-R
functions for Minnegpolis are pooled together firgt, and the resulting C-R function is then pooled with
the C-R function for Detroit. This avoids assgning too much weight to the information coming from one
city. For COPD hospital admissions, there are two available studies, Moolgavkar et d. (1997),
conducted in Minnesgpolis, and Schwartz (1994b), conducted in Detroit. These two studies are pooled
together. In order to estimate totd respiratory hospita admissions for adults over 65, COPD
admissions are added to pneumonia admissions, and the result is pooled with the Schwartz (1995)
estimate of total respiratory admissons. Burnett et d. (2001), isthe only study providing aC-R
function for respiratory hospital admissions in children under two.

- Minor Ilinesses, Redtricted Activity Days, and School/Work Loss Days

Asindicated in Table 9A-1, in addition to mortdity, chronic illness, and hospita admissions,
there are a number of acute hedlth effects not requiring hospitdization that are associated with exposure
to ambient levels of ozone and PM. The sources for the C-R functions used to quantify these effects
are described below.

Around four percent of U.S. children between ages five and seventeen experience episodes of
acute bronchitis annualy (American Lung Association, 2002). Acute bronchitisis characterized by
coughing, chest discomfort, dight fever, and extreme tiredness, lasting for anumber of days. According
to the MedlinePlus medica encyclopedia®, with the exception of cough, most acute bronchitis
symptoms abate within 7 to 10 days. Incidence of episodes of acute bronchitis in children between the
ages of five and seventeen are estimated using a C-R function developed from Dockery, et d. (1996).

Incidences of lower respiratory symptoms (i.e., wheezing, deep cough) in children aged seven
to fourteen are estimated using a C-R function developed from Schwartz, et d. (1994).

s See hitp:/Amww.nlm.nih.gov/medlineplus'ency/article/000124.htm, accessed January 2002
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Because aghmetics have greater sengtivity to stimuli (including air pollution), children with
asthma can be more susceptible to a variety of upper respiratory symptoms (i.e., runny or stuffy nose;
wet cough; and burning, aching, or red eyes). Research on the effects of ar pollution on upper
respiratory symptoms have thus focused on effectsin asthmatics. Incidences of upper respiratory
symptoms in asthmatic children aged nine to deven are estimated using a C-R function developed from
Pope, et d. (1991).

Hedth effects from air pollution can aso result in missed days of work (either from persona
symptoms or from caring for asick family member). Work loss days due to PM2.5 are estimated using
a C-R function devel oped from Ostro (1987). Children may aso be absent from school due to
respiratory or other diseases caused by exposureto air pollution. Most studies examining school
absence rates have found little or no association with PM2.5, but severd studies have found a
sgnificant association between ozone levels and school absence rates. We use two recent studies,
Gilliland et . (2001) and Chen et d. (2000) to estimate changes in absences (school loss days) due to
changesin ozone levels. The Gilliland et a. study estimated the incidence of new periods of absence,
while the Chen et d. study examined absence on agiven day. We convert the Gilliland estimate to days
of absence by multiplying the absence periods by the average duration of an absence. We estimate an
average duration of school absence of 1.6 days by dividing the average daily school absence rate from
Chen et d. (2000) and Ransom and Pope (1992) by the episodic absence rate from Gilliland et d.
(2001). This provides estimates from Chen et d. (2000) and Gilliland et d. (2000) which can be
pooled to provide an overdl estimate.

Minor redricted activity days (MRAD) result when individuals reduce most usud daily activities
and replace them with less strenuous activities or ret, yet not to the point of missing work or schooal.
For example, amechanic who would usudly be doing physical work most of the day, will instead spend
the day at a desk doing paper and phone work due to difficulty bresthing or chest pain. The effect of
PM2.5 and ozone on MRAD is estimated using a C-R function derived from Ostro and Rothschild
(1989).

The Agency is currently evauating how air pollution related symptoms in the asthmatic
population should be incorporated into the overdl benefits analyss. Clearly, studies of the genera
population also include asthmatics, S0 estimates based solely on the asthmatic population cannot be
directly added to the genera population numbers without double-counting. 1n one specific case, upper
respiratory symptomsin children, the only study available was limited to asthmatic children, so this
endpoint isincluded in the caculation of total benefits. However, other endpoints, such as lower
respiratory symptoms, are estimated for the tota population of children.  Given the increased
susceptibility of the asthmeatic population, it is of interest to understand better the specific impacts on
ashmatics. We are providing a separate set of estimated hedlth impacts for asthmatic populations,
listed it Table 9A-20, with the cavest that these are not additive, nor can they be easily combined with
other endpoints to derive tota benefits. They are provided only to highlight the potentid impactson a

susceptible population.
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Table 9A.20.
Studies Examining Health Impacts in the Asthmatic Population

Study Population

A sthma Attack Indicatorst

Shortness of Breath

prevalence of shortness of
breath; incidence of
shortness of breath

Ostro et al. (2001)

African American
asthmatics, 8-13

prevalence of cough;
incidence of cough

Ostro et al. (2001)

African American
asthmatics, 8-13

prevalence of wheeze;
incidence of wheeze

Ostro et al. (2001)

African American
asthmatics, 8-13

$1 mild asthma symptom:

Yuet . (2000)

Asthmatics, 5-13

wheeze, cough, chest
tightness, shortness of
breath)

prevalence of cough Vedal et al. (1998) Asthmatics, 6-13

Dther symptoms/illness endpoints

Asthmatics 9-11

$1 of the following: runny or
stuffy nose; wet cough;
burning, aching, or red eyes

pper Respiratory Popeet a. (1991)

oderate or Worse probability of moderate (or
worse) rating of overall
asthma status

Ostro et al. (1991) Asthmatics, al ages

A cute Bronchitis $1 episodes of bronchitisin

the past 12 months

McConnell et al. (1999) JAsthmatics, 9-15*

“other than with colds, does
this child usually seem
congested in the chest or
bring up phlegm?’

McConnell et al. (1999) JAsthmatics, 9-15*

Asthma Attacks respondent-defined asthma Whittemore and Korn

attack (1980)

Asthmatics, all ages

9A.3.5.2 Uncertainties Associated with Concentration-Response Functions
Within-Sudy Variation

Within-sudy variation refers to the precison with which a given sudy estimates the rdaionship
between air quality changes and hedlth effects. Hedlth effects studies provide both a"best estimate” of
this rdationship plus a measure of the datigtica uncertainty of the rdaionship. Thissze of this
uncertainty depends on factors such as the number of subjects studied and the size of the effect being
measured. The results of even the most well-designed epidemiologica studies are characterized by this
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type of uncertainty, though well-designed studies typically report narrower uncertainty bounds around
the best estimate than do studies of lesser qudity. In sdlecting hedth endpoints, we generdly focus on
endpoints where a Satigticaly significant relationship has been observed in & least some studies,
athough we may pool together resullts from studies with both statigticaly sgnificant and insignificant
eslimates to avoid selection bias.

Across-study Variation

Across-gtudy variation refers to the fact that different published studies of the same
pollutant/hedth effect rdaionship typically do not report identica findings, in some ingtances the
differences are substantial. These differences can exist even between equaly reputable studies and may
result in hedlth effect estimates that vary condderably. Across-study variation can result from two
possible causes. One possibility isthat studies report different estimates of the single true relationship
between a given pollutant and a hedlth effect due to differencesin study design, random chance, or
other factors. For example, a hypothetical study conducted in New Y ork and one conducted in Seettle
may report different C-R functions for the relationship between PM and mortdity, in part because of
differences between these two study populations (e.g., demographics, activity petterns). Alternatively,
Study results may differ because these two studies are in fact estimating different relationships; that is,
the same reduction in PM in New Y ork and Seettle may result in different reductions in premature
mortaity. Thismay result from a number of factors, such as differencesin the rddive sengtivity of
these two populations to PM pollution and differences in the composition of PM in these two locations.
In ether case, where we identified multiple studies that are appropriate for estimating a given hedth
effect, we generated a pooled estimate of results from each of those sudies.

Application of C-R Relationship Nationwide

Whether this andyss estimated the C-R relationship between a pollutant and a given hedth
endpoint usng asngle function from a sngle sudy or usng multiple C-R functions from severd studies,
each C-R rdationship was applied uniformly throughout the U.S. to generate hedlth benefit estimates.
However, to the extent that pollutant/health effect relationships are region-specific, gpplying a
location-specific C-R function & al locations in the U.S. may result in overestimates of hedth effect
changesin some locations and underestimates of hedlth effect changesin other locations. It isnot
possible, however, to know the extent or direction of the overall effect on hedlth benefit estimates
introduced by application of asingle C-R function to the entire U.S. This may be a sgnificant
uncertainty in the analys's, but the current state of the scientific literature does not dlow for a
region-specific esimation of hedth benfits.

TAlthough we are not able to use region-specific C-R functions, we use region-specific baseline incidence rates
where available. Thisallows usto take into account regiona differencesin hedth status, which can have a
significant impact on estimated health benefits.
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Extrapolation of C-R Relationship Across Populations

Epidemiologica studies often focus on specific age ranges, ether due to data avalability
limitations (for example, most hospital admission data comes from Medicare records, which are limited
to populations 65 and older), or to smplify data collection (for example, some asthma symptom studies
focus on children at summer camps, which usualy have alimited age range). We have assumed for the
primary andyss that C-R functions should be gpplied only to those population with ages that Srictly
meatch the populations in the underlying epidemiologica studies. In many cases, thereisno biologica
reason why the observed health effect would not aso occur in other populations within a reasonable
range of the studied population. For example, Dockery et d. (1996) examined acute bronchitisin
children aged 8 to 12. Thereisno biological reason to expect avery different response in children
aged 6 or 14. By excluding populations outside the range in the studies, we may be underestimating the
health impact in the overall population. We provide a set of expanded incidence estimates to show the
effect of this assumption.

Uncertainties in the PM Mortality Relationship

Hedth researchers have consistently linked air pollution, especiadly PM, with excess mortdlity.
A subgtantial body of published scientific literature recognizes a correlation between eevated PM
concentrations and increased mortdity rates. However, there is much about this relationship that is till
uncertain.  These uncertainties include:

- Causdlity. A subgtantiad number of published epidemiologica studies recognize a
correlation between elevated PM concentrations and increased mortality rates,
however these epidemiologica studies, by design, can not definitively prove causation.
For the analysis of the Nonroad Diesd Engine rulemaking, we assumed a causa
relationship between exposure to devated PM and premature mortality, based on the
consgtent evidence of a correlation between PM and mortality reported in the
subgtantia body of published scientific literature.

- Other Pollutants. PM concentrations are correlated with the concentrations of other
criteria pollutants, such as ozone and CO, and it is unclear how much each of these
pollutants may influence mortaity rates. Recent studies (see Thurston and 1to, 2001)
have explored whether 0zone may have mortdity effects independent of PM, but we do
not view the evidence as conclusve a thistime. To the extent that the C-R functions
we use to evduate the preliminary control optionsin fact capture mortality effects of
other criteria pollutants besides PM, we may be overestimating the benefits of
reductionsin PM. However, since we are not providing separate estimates of the
mortdity benefits from the ozone and CO reductions likely to occur due to the
preliminary control options, this approach represents a reasonable surrogete for the
mortdlity effects of al criteria pollutant reductions.
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- Shape of the C-R Function. The shape of the true PM mortdity C-R function is
uncertain, but this analysis assumes the C-R function to have alog-linear form (as
derived from the literature) throughout the relevant range of exposures. If thisis not the
correct form of the C-R function, or if certain scenarios predict concentrations well
above the range of values for which the C-R function was fitted, avoided mortdity may
be mis-estimated.

- Regiond Differences. Asdiscussed above, Sgnificant variability exigs in the results of
different PM/mortdity studies. This variability may reflect regionaly-specific C-R
functions resulting from regiond differences in factors such as the physica and chemicd
compodgition of PM. If true regiond differences exi<t, gpplying the PM/Mortdity C-R
function to regions outside the study location could result in mis-estimation of effectsin
these regions.

- Exposure/Mortality Lags. It is currently unknown whether thereisatimelag -- adday
between changes in PM exposures and changes in mortality rates -- in the chronic
PM/mortdity relationship. The existence of such alag isimportant for the valuation of
premature mortaity incidence because economic theory suggests that benefits occurring
in the future should be discounted. There is no specific scientific evidence of the
existence or structure of aPM effectslag. However, current scientific literature on
adverse hedlth effects smilar to those associated with PM (e.g., smoking-related
disease) and the difference in the effect size between chronic exposure studies and daily
mortality studies suggest that al incidences of premature mortality reduction associated
with agiven incrementa change in PM exposure probably would not occur in the same
year asthe exposure reduction. The smoking-related literature also implies that lags of
up to afew years are plausible. Adopting the lag structure used in the Tier 2/Gasoline
Sulfur and Heavy-Duty Engine/Diesdl Fud RIAs and endorsed by the SAB
(EPA-SAB-COUNCIL-ADV-00-001, 1999), we assume a five-year lag structure.
This approach assumes that 25 percent of PM-related premature deaths occur in each
of the firgt two years after the exposure and the rest occur in equa parts (approximately
17%) in each of the ensuing three years.

- Cumulative Effects. Asagenerd point, we attribute the PM/mortality relationship in the
underlying epidemiologica studies to cumulative exposure to PM. However, the
relative roles of PM exposure duration and PM exposure leve in inducing premature
mortdity remain unknown a thistime.

9A.3.5.3 Basdline Health Effect Incidence Rates
The epidemiologica studies of the association between pollution levels and adverse hedth

effects generdly provide a direct estimate of the relaionship of air quality changes to the relative risk of
a hedlth effect, rather than an estimate of the absolute number of avoided cases. For example, atypica
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result might be that a 10 - g/m?® decrease in daily PM, 5 levels might decrease hospital admissions by
three percent. The basdine incidence of the hedlth effect is necessary to convert this relaive change
into anumber of cases. The basdline incidence rate provides an estimate of the incidence rate (number
of cases of the hedlth effect per year, usudly per 10,000 or 100,000 genera population) in the
assessment location corresponding to basdline pollutant levels in that location. To derive the total
basdline incidence per year, this rate must be multiplied by the corresponding population number (e.g.,
if the baseline incidence rate is number of cases per year per 100,000 population, it must be multiplied
by the number of 100,000s in the population).

Some epidemiologica studies examine the association between pollution levels and adverse
hedlth effects in a specific subpopulation, such as asthmeatics or digbetics. In these cases, it is necessary
to develop not only basdine incidence rates, but aso prevaence rates for the defining condition, i.e.
asthma. For both baseline incidence and prevalence data, we use age-specific rates where available.
Concentration-response functions are applied to individua age groups and then summed over the
relevant age range to provide an estimate of total population benefits.

In most cases, due to alack of data or methods, we have not attempted to project incidence
rates to future years, ingtead assuming that the most recent data on incidence rates is the best prediction
of futureincidencerates. In recent years, better data on trends in incidence and prevaence rates for
some endpoints, such as asthma, have become available. We are working to develop methods to use
these data to project future incidence rates. However, for our primary benefits analysis of the
proposed nonroad rule, we will continue to use current incidence rates. We will examine the impact of
using projected mortdity rates and asthma prevaence in sengitivity andyses.

Table 9A-2 summarizes the basdine incidence data and sources used in the benefits analyss.
In most cases, asingle nationd incidence rate is used, due to alack of more spatialy disaggregated
data. We used nationd incidence rates whenever possible, because these data are most applicable to a
national assessment of benefits. However, for some studies, the only available incidence information
comes from the studies themselves; in these cases, incidence in the study population is assumed to
represent typica incidence at the nationa level. However, for hospita admissons, regiond rates are
available, and for premature mortdity, county level data are available.

Age, cause, and county-specific mortdity rates were obtained from the U.S. Centers for
Disease Control (CDC) for the years 1996 through 1998. CDC maintains an online data repository of
hedlth gatistics, CDC Wonder, accessible at http://wonder.cdc.gov/. The mortdity rates provided are
derived from U.S. death records and U.S. Census Bureau postcensa population estimates. Mortality
rates were averaged across three years (1996 through 1998) to provide more stable estimates. When
estimating rates for age groups thet differed from the CDC Wonder groupings, we assumed that rates
were uniform across al ages in the reported age group.

For example, to estimate mortality rates for individuas ages 30 and up, we scaed the 25-34 year old
deeth count and population by one-half and then generated a popul ation-wei ghted mortdity rate using
datafor the older age groups.
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For the set of endpoints affecting the asthmetic population, in addition to basdline incidence
rates, prevalence rates of asthmain the population are needed to define the applicable population.
Table 9A-21 ligs the basdline incidence rates and their sources for asthma symptom endpoints. Table
9A-22 ligs the prevalence rates used to determine the applicable population for asthma symptom
endpoints. Note that these reflect current asthma prevaence and assume no change in prevaence rates
in future years. As noted above, we are investigating methods for projecting asthma prevaence ratesin
future years.
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Table 9A-21.

Baseline Incidence Rates and Population Prevalence Rates for Use in C-R Functions, General

Endpoint

Parameter

Population

Mortality Daily or annual mortality Age, cause, and county- CDC Wonder (1996-1998)
rate specific rate
Hospitalizatio Daily hospitalization rate Age, region, cause-specific 1999 NHDS public use data
ns rate files?
AsthmaER Daily asthmaER visit rate 2000 NHAMCS public use data
visits Age, Region specific visit rate files®; 1999 NHDS public use
datafiles?
Chronic Annual prevalence rate per 1999 HIS (American Lung
Bronchitis person Association, 2002b, Table 4)
Age18-44 0.0367
Age 45-64 0.0505
Age 65 and older 0.0587
Annual incidence rate per 0.00378 Abbey et a. (1993, Table 3)
person
Nonfatal M1 Daily nonfatal myocardial 1999 NHDS public use data
(heart attacks) infarction incidence rate files?; adjusted by 0.93 for prob.
per person, 18+ of surviving after 28 days
Northeast 0.0000159 (Rosamond et al., 1999)
Midwest 0.0000135
South 0.0000111
West 0.0000100
Acute Annual bronchitis 0.043 American Lung Association
Bronchitis incidence rate, children (20023, Table 11)
Lower Daily lower respiratory 0.0012 Schwartz (1994, Table 2)
Respiratory Ssymptom incidence among
Symptoms children’
Upper Daily upper respiratory 0.3419 Pope et al. (1991, Table 2)
Respiratory symptom incidence among
Symptoms asthmatic children
Work Loss Daily WLD incidence rate 1996 HIS (Adamset dl., 1999,
Days per person (18-65) Table 41); U.S. Bureau of the
Age18-24 0.00540 Census (2000)
Age 25-44 0.00678
Age45-64 0.00492
Minor Daily MRAD incidence 0.02137 Ostro and Rothschild (1989, p.
Restricted rate per person 243)

Activity Days
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Endpoint

Parameter

Daily school absence rate
per person

National Center for Education
Statistics (1996)

Daily illness-related school
absence rate per person®
Northeast
Midwest
South
Southwest

1996 HIS (Adams et al., 1999,
Table 47); estimate of 180
school days per year

Daily respiratoryillness-
related school absence rate

per person
Northeast
Midwest
South

West

1996 HIS (Adamseet al., 1999,
Table 47); estimate of 180
school days per year

1. The following abbreviations are used to describe the national surveys conducted by the National Center for
Health Statistics: HIS refers to the National Health Interview Survey; NHDS - National Hospital Discharge Survey;

NHAMCS - National Hospital Ambulatory Medical Care Survey.
2. See ftp://ftp.cdc.gov/pub/Health_StatisticNCHS/DatasetsNHDS/

3. Seeftp://ftp.cdc.gov/pub/Health _Statisticss NCHS/Datasetss NHAMCS/

4. Lower Respiratory Symptoms are defined as $2 of the following: cough, chest pain, phlegm, wheeze
5. The estimate of daily illness-related school absences excludes school loss days associated with injuries to match
the definition in the Gilliland et al. (2001) study.
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Table 9A-22.

Baseline Incidence Rates and Population Prevalence Rates of Asthma Symptoms for usein C-

Endpoint

Asthma
Exacerbation,
wheeze

R Functions, Asthmatic Population.

Parameter

Daily wheeze incidence among asthmatic
children (African-American)

Ostro et al. (2001, p. 202)

Daily wheeze prevalence among asthmatic
children (African-American)

Ostro et al. (2001, p. 202)

Daily wheeze prevalence among asthmatic
children

Vedd et dl. (1998, Table 1)

Asthma
Exacerbation,

cough

Daily cough incidence among asthmatic
children
(African-American)

Ostro et al. (2001, p. 202)

Daily cough prevalence among asthmatic
children
(African-American)

Ostro et al. (2001, p. 202)

Daily cough prevaence among asthmatic
children

Vedd et al. (1998, Table 1)

Asthma
Exacerbation,
dyspnea

Daily dyspnea incidence among asthmatic
children (African-American)

Ostro et al. (2001, p. 202)

Daily dyspnea preval ence among asthmatic
children (African-American)

Ostro et al. (2001, p. 202)

Daily dyspnea prevalence among asthmatic
children

Veda et d. (1998, Table 1)

Asthma
Exacerbation, one
or more

Daily prevalence among asthmatic children
of at least one of the following symptoms:
wheeze, cough, chest tightness, shortness of
breath.

Yuet al. (2000, Table 2)

Asthma Attacks

Daily incidence of asthma attacks

HIS 1999

Acute/Chronic
Bronchitis

Annual bronchitis incidence rate among
asthmatic children

McConnell et a.(1999, Table
2)

Chronic Phlegm

Annua phlegm incidence rate anong
asthmatic children

McConnell et al.(1999, Table
2)

Upper Respiratory
Symptoms

Daily upper respiratory symptom incidence
among asthmatic children*
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1. Thefollowing abbreviations are used to describe the national surveys conducted by the National Center for

Health Statistics: HIS refersto the National Health Interview Survey; NHDS - National Hospital Discharge Survey;
NHAMCS - National Hospital Ambulatory Medical Care Survey.

* Upper Respiratory Symptoms are defined as $1 of the following: runny or stuffy nose; wet cough; burning, aching,
or red eyes.
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Table 9A-24.
Asthma Prevalence Rates Used to Estimate Asthmatic Populationsin C-R Functions

Asthma Prevalence Rates

Population Group
Source

American Lung Association (2002c, Table 7)-
based on 1999 HIS

American Lung Association (2002c, Table 7)-
based on 1999 HIS

American Lung Association (2002c, Table 7)-
based on 1999 HIS

American Lung Association (2002c, Table 7)-
based on 1999 HIS

American Lung Association (2002c, Table 7)-
based on 1999 HIS

American Lung Association (2002c, Table 7)-

+
65 based on 1999 HIS

Male, 27+ 2000 HIS public use datafilest

American Lung Association (2002c, Table 9)-

African-American, 5to 17
based on 1999 HIS

American Lung Association (2002c, Table 9)-

African-American, <18
based on 1999 HIS

1. Seeftp://ftp.cdc.gov/pub/Health Statistics’ NCHS/Datasets/H1S/2000/

9A.3.5.4 Accounting for Potential Health Effect Thresholds

When conducting clinica (chamber) and epidemiologicd studies, C-R functions may be
edimated with or without explicit thresholds. Air pollution levels below the threshold are assumed to
have no associated adverse hedlth effects. When athreshold is not assumed, asis often the casein
epidemiologicd studies, any exposure level is assumed to pose a non-zero risk of response to at least
one segment of the population.

The possble existence of an effect threshold is a very important scientific question and issue for
policy analyses such asthis one. The EPA Science Advisory Board Advisory Council for Clean Air
Compliance, which provides advice and review of EPA’s methods for assessing the benefits and costs
of the Clean Air Act under Section 812 of the Clean Air Act, has advised EPA that there is currently
no scientific basis for sdecting athreshold of 15 - g/m? or any other specific threshold for the PM-
related health effects considered in typica benefits analyses (EPA-SAB-Council-ADV-99-012, 1999).
Thisis supported by the recent literature on health effects of PM exposure (Daniels et a., 2000; Pope,
2000; Ross et d., 1999; Schwartz, 2000) which finds in most cases no evidence of a non-linear
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concentration-response relationship and certainly does not find a distinct threshold for health effects.
The most recent draft of the EPA Air Qudity Criteriafor Particulate Matter (U.S. EPA, 2002) reports
only one study, andyzing data from Phoenix, AZ, that reported even limited evidence suggestive of a
possible threshold for PM2.5 (Smith et d., 2000).

Recent cohort anayses by the Hedlth Effects Ingtitute (Krewski et d., 2000) and Pope et al.
(2002) provide additiona evidence of a quasi-linear concentration-response relationship between long-
term exposures to PM, s and mortality. According to the latest draft PM criteria document, Krewski
et d. (2000) “found avisudly near-linear reationship between dl-cause and cardiopulmonary mortdity
resduas and mean sulfate concentrations, near-linear between cardiopulmonary mortaity and mean
PM_.s, but a somewhat nonlinear relationship between al-cause mortdity resduas and mean PM:s
concentrations that flattens above about 20 - g/me. The confidence bands around the fitted curves are
very wide, however, neither requiring alinear relationship nor precluding a nonlinear reaionship if
suggested by reandyses” The Pope et d. (2002) analys's, which represented an extension to the
Krewski et d. anayss, found that the concentration-response relationships relating PM2.5 and
mortdity “were not sgnificantly different from linear associations.”

Danids et d. (2000) examined the presence of threshold in PM,, concentration-response
relationships for daily mortaity using thelargest 20 U.S. citiesfor 1987-1994. The results of their
models suggest that the linear modd was preferred over spline and threshold modds. Thus, these
results suggest that linear models without a threshold may well be appropriate for estimating the effects
of PMwon the types of mortdlity of main interest. Schwartz and Zanobetti (2000) investigated the
presence of threshold by smulation and actud data andysis of 10 U.S. cities. Inthe analyss of redl
data from 10 cities, the combined concentration-response curve did not show evidence of athreshold
in the PM1o-mortality associations. Schwartz, Laden, and Zanobetti (2002) investigated thresholds by
combining data on the PM2.5-mortdity relationships for six cities and found an essentiadly linear
relationship down to 2 - g/m?, which is at or below anthropogenic background in most aress. They
aso examined judt traffic related particles and again found no evidence of athreshold. The Smith et d.
(2000) study of associations between daily total mortality and PM2sand PMie2sin Phoenix, AZ
(during 1995-1997) a0 investigated the possibility of athreshold using a piecewise linear model and a
cubic spline modd. For both the piecewise linear and cubic spline models, the andysis suggested a
threshold of around 20 to 25 - g/m?. However, the concentration-response curve for PM.s presented
in this publication suggests more of a U- or V-shaped relationship than the usud “hockey stick”
threshold relationship.

Based on the recent literature and advice from the SAB, we assume there are no thresholds for
modeling hedth effects. Although not included in the primary andys's, the potentia impact of a hedth
effects threshold on avoided incidences of PM-related premature mortdity is explored as akey
sengtivity andysis and is presented in Appendix 9-B.

Our assumptions regarding thresholds are supported by the National Research Council in its
recent review of methods for estimating the public hedth benefits of ar pollution regulations. In their
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review, the Nationa Research Council concluded that there is no evidence for any departure from
linearity in the observed range of exposureto PM,, or PM,, 5, nor any indication of athreshold. They
cite the weight of evidence available from both short and long term exposure modds and the similar
effects found in cities with low and high ambient concentrations of PM.

9A.3.5.5 Sdlecting Unit Valuesfor Monetizing Health Endpoints

The gppropriate economic value of a change in a hedlth effect depends on whether the hedlth
effect is viewed ex ante (before the effect has occurred) or ex post (after the effect has occurred).
Reductionsin ambient concentrations of ar pollution generdly lower the risk of future adverse hedlth
affects by afarly smdl amount for alarge populaion. The appropriate economic measure is therefore
ex ante WTP for changesinrisk. However, epidemiologica studies generdly provide estimates of the
relative risks of aparticular hedlth effect avoided due to areductionin air pollution. A convenient way
to use this datain a congstent framework is to convert probabilities to units of avoided statistical
incidences. This measureis caculated by dividing individua WTP for arisk reduction by the rdlated
observed changeinrisk. For example, suppose ameasure is able to reduce the risk of premature
mortality from 2 in 10,000 to 1 in 10,000 (areduction of 1 in 10,000). If individud WTP for thisrisk
reduction is $100, then the WTP for an avoided statistical premature mortdity amounts to $1 million
($100/0.0001 change in risk). Using this gpproach, the size of the affected population is automaticaly
taken into account by the number of incidences predicted by epidemiologica studies applied to the
relevant population. The same type of caculation can produce values for Satistical incidences of other
hedlth endpoints.

For some hedlth effects, such as hospitd admissions, WTP estimates are generdly not
available. In these cases, we use the cost of treating or mitigating the effect as a primary estimate. For
example, for the vauation of hospital admissions we use the avoided medica costs as an estimate of the
vaue of avoiding the hedlth effects causng the admission. These cogts of illness (COl) estimates
generdly undergtate the true value of reductionsin risk of a hedth effect. They tend to reflect the direct
expenditures related to treatment but not the vaue of avoided pain and suffering from the hedlth effect.
Table 9A-15 summarizes the va ue estimates per hedlth effect that we used inthisanalysis. Vauesare
presented both for a 1990 base income level and adjusted for income growth in the two future analysis
years, 2020 and 2030. Note that the unit values for hospital admissions are the weighted averages of
the ICD-9 code-specific vaues for the group of 1CD-9 codes included in the hospital admission
categories. Detalls of the derivation of values for hospital admissions and other endpoints can be found
in the benefits TSD for thisRIA (Abt Associates, 2003). A discussion of the valuation methods for
premature mortality and chronic bronchitisis provided here due to the relative importance of these
effects. Discussions of the methods used to value non-fatd myocardia infarctions (heart atacks) and
school absence days are provided because these endpoints have not been included in previous analyses
and the vauation methods are il under development. In the following discussions, unit vaues are
presented at 1990 levels of income for consistency with previous analyses. Equivadent future year vaues
can be obtained from Table 9A-15.
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Table 9A-25. Unit Values Used for Economic Valuation of Health Endpoints (2000%)

Health

Endpoint

Central Estimate of Value Per Statistical

Derivation of Estimates

Premature Mortality

Base Estimate

Alternative Estimate
3% discount rate
COPD deaths (under 65)
COPD degths (65 and older)
Other causes (under 65)
Other causes (65 and ol der)

7% discount rate

COPD deaths (under 65)
COPD degths (65 and older)
Other causes (under 65)
Other causes (65 and ol der)

Incidence
|
1990 Income 2020 Income 2030 Income
Level Leve Level
$6,300,000 $8,000,000 $8,100,000
$84,000 $110,000 $110,000
$136,000 $170,000 $170,000
$790,000 $1,000,000 $1,000,000
$1,200,000 $1,600,000 $1,600,000
$140,000 $170,000 $170,000
$160,000 $200,000 $200,000
$1,200,000 $1,500,000 $1,500,000
$1,400,000 $1,700,000 $1,700,000

Base valueis the mean of VSL estimates from 26 studies (5
contingent valuation and 21 labor market studies) reviewed for the
Section 812 Costs and Benefits of the Clean Air Act, 1990-2010
(USEPA, 1999). Alternative values are based on adjustments to
the mean of VSL estimates from the 5 contingent valuation studies
referenced above. Adjustments are made for age and expected
number of life years remaining based on cause of death and
assumed health status at time of death.
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Table 9A-25. Unit Values Used for Economic Valuation of Health Endpoints (2000%)

Central Estimate of Value Per Statistical

Incidence
Health _ .
. — Derivation of Estimates
Endpoint
1990 Income 2020 Income 2030 Income
Level Level Level
Base value is the mean of a generated distribution of WTP to
Chronic Bronchitis (CB) avoid a case of pollution-related CB. WTP to avoid a case of
Base Estimate $340,000 $430,000 $440,000 pollution-related CB is derived by adjusting WTP (as described in
Alternative Estimate Viscus et al., 1991) to avoid a severe case of CB for the difference
3% discount rate in severity and taking into account the elasticity of WTP with
Age 27-44 $150,542 $150,542 $150,542 respect to severity of CB.
Age 45-64 $97,610 $97,610 $97,610
Age 65+ $11,088 $11,088 $11,088 Alternative valueis acost of illness (COI) estimate based on
Cropper and Krupnick (1990). Includes both medical costs and
7% discount rate opportunity cost from age of onset to expected age of death
Age 27-44 $86,026 $86,026 $86,026 (assumes that chronic bronchitis does not change life
Age 45-64 $72,261 $72,261 $72,261 expectancy).
Age 65+ $9,030 $9,030 $9,030
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Table 9A-25. Unit Values Used for Economic Valuation of Health Endpoints (2000%)

Central Estimate of Value Per Statistical

Incidence
Health _ .
. ———— Derivation of Estimates
Endpoint
1990 Income 2020 Income 2030 Income
Level Leve Level
Non-fatal Myocardial Infarction Age specific cost-of-illness values reflecting lost earnings and
(heart attack) direct medical costs over a5 year period following a non-fatal MI.
3% discount rate Lost earnings estimates based on Cropper and Krupnick (1990).
Age0-24 $66,902 $66,902 $66,902 Direct medical costs based on simple average of estimates from
Age 25-44 $74,676 $74,676 $74,676 Russell et al. (1998) and Wittels et al. (1990).
Age45-54 $78,834 $78,834 $78,834
Age 55-65 $140,649 $140,649 $140,649 Logt earnings:
Age 66 and over $66,902 $66,902 $66,902 Cropper and Krupnick (1990). Present discounted value of 5 yrs of lost
earnings:

7% discount rate age of onset: at 3% at 7%
Age 0-24 $65,293 $65,203 $65203 | 2544 $8,774 $7,855
Age 25-44 $73,149 $73,149 $73149 |45 $12,932 $11,578
Age 45-54 $76,871 $76,871 sre871 |56 $74,746 $66,920
Age 55-65 $132,214 $132,214 $132,214 Direct medical expenses: An average of:
Age 66 and over $65,293 $65,293 $65,293

1. Wittelset al., 1990 ($102,658 — no discounting)
2. Russell et al., 1998, 5-yr period. ($22,331 at 3% discount rate;
$21,113 at 7% discount rate)

Hospital Admissions

Chronic Obstructive Pulmonary $12,378 $12,378 $12,378 The COI estimates (lost earnings plus direct medical costs) are
Disease (COPD) based on ICD-9 code level information (e.g., average hospital care
(ICD codes 490-492, 494-496) costs, average length of hospital stay, and weighted share of total

COPD category illnesses) reported in Agency for Healthcare
Research and Quality, 2000 (www.ahrg.gov).
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Table 9A-25. Unit Values Used for Economic Valuation of Health Endpoints (2000%)

Central Estimate of Value Per Statistical

Incidence
Health I .
. — Derivation of Estimates
Endpoint
1990 Income 2020 Income 2030 Income
Level Leve Level
Pneumonia $14,693 $14,693 $14,693 The COI estimates (lost earnings plus direct medical costs) are based on
(ICD codes 480-487) ICD-9 code level information (e.g., average hospital care costs, average

length of hospital stay, and weighted share of total pneumonia category
illnesses) reported in Agency for Healthcare Research and Quality, 2000
(www.ahrg.gov).

Asthma admissions $6,634 $6,634 $6,634 The COI estimates (lost earnings plus direct medical costs) are
based on ICD-9 code level information (e.g., average hospital care
costs, average length of hospital stay, and weighted share of total
asthma category illnesses) reported in Agency for Healthcare
Research and Quality, 2000 (www.ahrg.gov).

All Cardiovascular $18,387 $18,387 $18,387 The COI estimates (lost earnings plus direct medical costs) are
(ICD codes 390-429) based on ICD-9 code level information (e.g., average hospital care
costs, average length of hospital stay, and weighted share of total
cardiovascular category illnesses) reported in Agency for
Healthcare Research and Quality, 2000 (www.ahrg.gov).

Emergency room visits for asthma $286 $286 $286 Simple average of two unit COI values:
(1) $311.55, from Smith et al., 1997, and
(2) $260.67, from Stanford et a ., 1999.
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Table 9A-25. Unit Values Used for Economic Valuation of Health Endpoints (2000%)

Central Estimate of Value Per Statistical

Incidence
Health

———— Derivation of Estimates

1990 Income 2020 Income 2030 Income
L evel Level L evel

Endpoint

Respiratory Ailments Not Requiring Hospitalization

Upper Respiratory Symptoms (URS) $25 $27 $27 Combinations of the 3 symptoms for which WTP estimates are
available that closely match those listed by Pope, et al. result in 7
different “symptom clusters,” each describing a“type” of URS. A
dollar value was derived for each type of URS, using mid-range
estimates of WTP (1Ec, 1994) to avoid each symptom in the cluster
and assuming additivity of WTPs. The dollar value for URS isthe
average of the dollar values for the 7 different types of URS.

Lower Respiratory Symptoms (LRS) $16 $17 $17 Combinations of the 4 symptoms for which WTP estimates are
available that closely match those listed by Schwartz, et al. result
in 11 different “symptom clusters,” each describing a“type” of
LRS. A dollar value was derived for each type of LRS, using mid-
range estimates of WTP (IEc, 1994) to avoid each symptom in the
cluster and assuming additivity of WTPs. The dollar value for
LRSisthe average of the dollar values for the 11 different types of
LRS.

Acute Bronchitis $360 $390 $390 Assumes a 6 day episode, with daily value equal to the average of
low and high values for related respiratory symptoms
recommended in Neumann, et al. 1994.

Restricted Activity and Work/School Loss Days

Work Loss Days (WLDs) Vaiable County-specific median annual wages divided by 50 (assuming 2 weeks
(national of vacation) and then by 5 —to get median daily wage. U.S. Y ear 2000
median =) Census, compiled by Geolytics, Inc.
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Health
Endpoint

School Absence Days

Central Estimate of Value Per Statistical

1990 Income
L evel

Incidence

2020 Income
Level

2030 Income
L evel

Table 9A-25. Unit Values Used for Economic Valuation of Health Endpoints (2000%)

Derivation of Estimates

Based on expected lost wages from parent staying home with

child. Estimated daily lost wage (if a mother must stay at home with a
sick child) is based on the median weekly wage among women age 25 and
older in 2000 (U.S. Census Bureau, Statistical Abstract of the United
States: 2001, Section 12: Labor Force, Employment, and Earnings, Table
No. 621). This median wage is $551. Dividing by 5 gives an estimated
median daily wage of $103.

The expected loss in wages due to a day of school absence in which the
mother would have to stay home with her child is estimated as the
probability that the mother isin the workforce times the daily wage she
would lose if she missed aday = 72.85% of $103, or $75.

Worker Productivity

$0.95 per

worker per
10% changein
0zone per day

$0.95 per

worker per
10% changein
ozone per day

$0.95 per

worker per
10% changein
0zone per day

Based on $68 — median daily earnings of workersin farming, forestry and
fishing — from Table 621, Statistical Abstract of the United States (“Full-
Time Wage and Salary Workers — Number and Earnings: 1985 to 2000")
(Source of datain table: U.S. Bureau of Labor Statistics, Bulletin 2307
and Employment and Earnings, monthly).

Minor Restricted Activity Days
(MRADS)

$51

$55

$56
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9A.3.5.5.1 Valuing Reductions in Premature Mortality Risk
Base Edimate

We egtimate the monetary benefit of reducing premature mortaity risk usng the “value of
datidtica lives saved” (VSL) gpproach, which is a summary measure for the value of smal changesin
mortaity risk experienced by alarge number of people. The VSL approach appliesinformation from
severd published vaue-of-life sudies to determine a reasonable benefit of preventing premature
mortdity. The mean vaue of avoiding one datistica degth is esimated to be $6 million in 1999 dollars.
This represents an intermediate vaue from avariety of estimates that appear in the economics literature,
and it isavaue EPA hasfrequently used in RIAs for other rules and in the Section 812 Reportsto
Congress.

This esimate is the mean of a digribution fitted to the estimates from 26 vaue-of-life sudies
identified in the Section 812 reports as “applicable to policy analyss” The gpproach and set of
selected studies mirrors that of Viscus (1992) (with the addition of two studies), and uses the same
criteriaas Viscud in hisreview of vaue-of-life gudies. The $6.3 million estimate is congstent with
Viscus's conclusion (updated to 2000$) that “most of the reasonable estimates of the vadue of life are
clugtered in the $3.8 to $8.9 million range” Five of the 26 studies are contingent vauation (CV)
gudies, which directly solicit WTP information from subjects; the rest are wage-risk studies, which
base WTP egtimates on estimates of the additiona compensation demanded in the |abor market for
riskier jobs. Asindicated in the previous section on quantification of premature mortaity benefits, we
assume for this andlys's that some of the incidences of premature mortaity related to PM exposures
occur in adigtributed fashion over the five years following exposure. To take thisinto account in the
vauation of reductions in premature mortality, we gpply an annud three percent discount rete to the
vaue of premature mortdity occurring in future years.”

The economics literature concerning the appropriate method for vauing reductions in premeature
mortdity risk is till developing. The adoption of avaue for the projected reduction in therisk of
premature mortality is the subject of continuing discusson within the economic and public policy
andysis community. Regardless of the theoretical economic congiderations, EPA prefers not to draw
digtinctions in the monetary vaue assigned to the lives saved even if they differ in age, hedth satus,
socioeconomic status, gender or other characterigtic of the adult population.

Y The choice of adiscount rate, and its associated conceptual basis, is atopic of ongoing discussion within the
federal government. EPA adopted a 3 percent discount rate for its base estimate in this case to reflect reliance on a
“social rate of time preference” discounting concept. We have also calculated benefits and costs using a 7 percent
rate consistent with an “opportunity cost of capital” concept to reflect the time value of resources directed to meet
regulatory requirements. In this case, the benefit and cost estimates were not significantly affected by the choice of
discount rate. Further discussion of this topic appearsin EPA’s Guidelines for Preparing Economic Analyses (in
press).
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Following the advice of the EEAC of the SAB, EPA currently usesthe VSL gpproach in
cdculating the primary estimate of mortdity benefits, because we believe this caculation to provide the
most reasonable single estimate of an individud’ s willingness to trade off money for reductionsin
mortdity risk (EPA-SAB-EEAC-00-013). Whilethere are severd differences between the labor
market studies EPA usesto derive aVSL estimate and the particulate matter air pollution context
addressed here, those differences in the affected populations and the nature of the risks imply both
upward and downward adjustments. Table 9A-17 lists some of these differences and the expected
effect on the VL egtimate for air pollution-related mortality. For example, adjusting for age
differences may imply the need to adjust the $6.3 million VSL downward, but the involuntary nature of
ar pallution-related risks and the lower leve of risk-averson of the manud laborersin the labor market
studies may imply the need for upward adjustments. 1n the absence of a comprehensive and baanced
set of adjustment factors, EPA believesit is reasonable to continue to use the $6.3 million vaue while
acknowledging the sgnificant limitations and uncertanties in the available literature.

Some economists emphasize that the value of agatigticd lifeis not a sngle number relevant for dl
gtuations. Indeed, the VSL estimate of $6.3 million (2000 dollars) isitsdlf the centrd tendency of a
number of estimates of the VSL for some rather narrowly defined populations. When there are
sgnificant differences between the population affected by a particular hedlth risk and the populations
used in the labor market studies, asis the case here, some economidts prefer to adjust the VSL estimate
to reflect those differences. Some of the dternative approaches that have been proposed for vauing
reductions in mortaity risk are discussed in Figure 9A-6.

Thereis generd agreement that the value to an individua of areduction in mortdity risk can vary
based on severd factors, including the age of the individud, the type of risk, the level of control the
individua has over the risk, the individud’ s attitudes towards risk, and the hedlth status of the individud.
While the empiricd basis for adjusting the $6.3 million VSL for many of these factors does not yet
exig, athorough discussion of these factorsis contained in the benefits TSD for thisRIA (Abt
Asociates, 2003). EPA recognizes the need for investigation by the scientific community to develop
additional empirica support for adjusmentsto VSL for the factors mentioned above.

The SAB-EEAC advised in their recent report that the EPA “continue to use a wage-risk-based
VAL asits primary estimate, including appropriate sengtivity analyses to reflect the uncertainty of these
esimates” and that “the only risk characteristic for which adjustmentsto the VSL can be made isthe
timing of the risk” (EPA-SAB-EEAC-00-013, U.S. EPA, 2000b). In developing our primary estimate
of the benefits of premature mortality reductions, we have discounted over the lag period between
exposure and premature mortaity. However, in accordance with the SAB advice, we usethe VSL in
our primary estimate and present sengitivity estimates reflecting age-specific VL.
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Table 9A-26. Expected Impact on Estimated Benefits of Premature Mortality Reductions of
Differ ences Between Factors Used in Developing Applied VSL and Theoretically Appropriate
VSL

Attribute Expected Direction of Bias

Age Uncertain, perhaps overestimate

Life expectancy/hedlth status Uncertain, perhaps overestimate

Attitudes toward risk Underestimate

Income Uncertain

Voluntary vs. Involuntary Uncertain, perhaps underestimate

Catastrophic vs. Protracted Death Uncertain, perhaps underestimate

Alternative Edimate

The Alternative Estimate reflects the impact of changes to key assumptions associated with the
vauation of mortdity. Theseinclude 1) the impact of usng wage-risk and contingent va uation-based
vaue of gatigticd life estimates in vauing risk reductions from air pollution as opposed to contingent
va uation-based estimates aone, 2) the relationship between age and willingness-to-pay for fatd risk
reductions, and 3) the degree of prematurity in mortdities from air pollution.

The Alternative Estimate addresses the first issue by using an estimate of the value of datidticd life
that is based only on the set of five contingent vauation studies included in the larger set of 26 sudies
recommended by Viscus (1992) as gpplicable to policy andysis. The mean of the five contingent
vauation based VSL edtimatesis $3.7 million (2000%), which is gpproximately 60 percent of the mean
vaue of the full set of 26 sudies. The second issue is addressed by assuming that the relationship
between age and willingness-to-pay for fatal risk reductions can be approximated using an adjustment
factor derived from Jones-Lee (1989). The SAB has advised the EPA that the appropriate way to
account for age differences is to obtain the values for risk reductions from the age groups affected by
the risk reduction. Severd studies have found a significant effect of age on the vaue of mortaity risk
reductions expressed by citizens in the United Kingdom (Jones-Lee et ., 1985; Jones-L ee, 1989;
Jones-Lee, 1993).

Two of these sudies provide the basis to form ratios of the WTP of different age cohortsto a
base age cohort of 40 years. These ratios can be used to provide Alternative age-adjusted estimates of
the vaue of avoided premature mortdities. One problem with both of the Jones-Lee studies is that they
examine VL for alimited agerange. They then fit VSL asafunction of age and extrapolate outside
the range of the datato obtain ratios for the very old. Unfortunately, because VSL is specified as
quadratic in age, extrapolation beyond the range of the data can lead to a very severe declinein VSL at
ages beyond 75.
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Figure 9A-8. Alternative Approaches for Assessing the Value of Reduced Mortality Risk

Stated preference studies — These studies use survey responses to estimate WTP to avoid risks. Srengths:
flexible approach allowing for appropriate risk context, good dataon WTP for individuals. Weaknesses: risk
information may not be well-understood by respondents and questions may be unfamiliar.

Consumer market studies — These studies use consumer purchases and risk data (e.g., smoke detectors) to
estimate WTP to avoid risks. Srengths: uses reveaed preferences and is a flexible approach. Weaknesses: very
difficult to estimate both risk and purchase variables.

Vaue of statistical life year (VSLY) — Provides an annual equivalent to value of statistical life estimates.
Srengths: provides financially accurate adjustment for age at death. Weaknesses: adjustment may not reflect
how individuals consider life-years; assumes equal vaue for al remaining life-years.

Quiality adjusted life year — Applies quality of life adjustment to life-extension data, uses cost-effectiveness data
tovalue. Srengths: widely used in public health literature to assess private medical interventions. Weaknesses:
lack of data on health state indices and life quality adjustments that are applicable to an air pollution context. _
Similar to VSLY, adjustment may not reflect how individuals consider life-years, and typically assumes an equal
value for al remaining life-years despite evidence to the contrary.

WTP for achange in survival curve — Reflects WTP for change in risk, potentially incorporates age-specific
nature of risk reduction. Strengths: theoretically preferred approach that most accurately reflects risk reductions
from air pollution control. Weaknesses: almost no empiricdl literature available; difficulty in obtaining reliable
values.

WTP for achange in longevity — Uses stated preference approach to generate WTP for longevity or longer life
expectancy. Strengths: life expectancy is afamiliar term to most individuals. Weaknesses: does not incorporate
age-specific risk information; problems in adapting to air pollution context.

Cost-effectiveness — Determines the implicit cost of saving alife or life-year. Strengths: widely used in public
health contexts. Weaknesses: health context isfor private goods, dollar values do not necessarily reflect
individual preferences.

A smpler and potentiadly less biased approach isto smply gpply asingle age adjustment based
on whether the individua was over or under 65 years of age at the time of death. Thisis consgtent with
the range of observed agesin the Jones-L ee studies and aso agrees with the findings of more recent
sudies by Krupnick et d. (2000) that the only significant difference in WTP is between the over 70 and
under 70 age groups. To correct for the potentia extrapolation error for ages beyond 70, the
adjustment factor is selected astheratio of a 70 year old individud’s WTP to a40 year old individud’s
WTP, which is 0.63, based on the Jones-L ee (1989) results and 0.92 based on the Jones-L ee (1993)
results. To show the maximum impact of the age adjustment, the Alternative Estimate is based on the
Jones-Lee (1989) adjustment factor of 0.63, which yieldsaVVSL of $2.3 million for populations over
the age of 70. Degths of individuds under the age of 70 are valued using the unadjusted mean VSL
vaue of $3.7 million (2000%). Since these are acute mortdities, it is assumed that thereisno lag
between reduced exposure and reduced risk of mortdity.

9-149



Draft Regulatory Impact Analysis

Jones-Lee and Krupnick may understate the effect of age because they only control for income
and do not control for wealth. While there is no empirica evidence to support or rgject hypotheses
regarding wealth and observed WTP, WTP for additiond life years by the elderly may in part reflect
their wedth position vis avis middle age respondents.

Thethird issue is addressed by assuming that deaths from chronic obstructive pulmonary disease
(COPD) are advanced by 6 months, and deaths from al other causes are advanced by 5 years. These
reductionsin life yearslost are gpplied regardiess of the age a death. Actuarid evidence suggests that
individuas with serious preexigting cardiovascular conditions have aremaining life expectancy of around
5years. While many deaths from daily exposure to PM may occur in individuas with cardiovascular
disease, studies have shown relationships between al cause mortdity and PM, and between PM and
mortality from pneumonia (Schwartz, 2000). In addition, recent studies have shown ardationship
between PM and non-fatal heart attacks, which suggests that some of the degths due to PM may be
dueto fatal heart attacks (Peters et d., 2001). And, arecent meta-andysis has shown little effect of
age on the rdative risk from PM exposure (Stieb et a., 2002), which suggests that the number of
deaths in non-elderly populations (and thus the potentid for greeter loss of life years) may be sgnificant.
Indeed, this andys's estimates that 21 percent of non-COPD premature deaths avoided arein
populations under 65. Thus, while the assumption of 5 years of life lost may be appropriate for a subset
of total avoided premature mortdlities, it may over or underestimate the degree of life shortening
attributable to PM for the remaining desths.

In order to vaue the expected life years lost for COPD and non-COPD desaths, we need to
condruct estimates of the value of adtaidticd lifeyear. The vaue of alife year varies based on the age
at death, due to the differences in the base VS between the 65 and older population and the under 65
population. The vauation gpproach used is avalue of satisticd life years (VSLY') gpproach, based on
amortizing the base VSL for each age cohort. Previous applications have arrived a a single value per
life year based on the discounted stream of values that correspond to the VSL for a40 year old worker
(U.S. EPA, 1999). Thisassumes 35 years of lifelogt isthe base value associated with the mean VSL
vaue of $3.7 million (2000$). TheVSLY associated with the $3.7 million VSL is $172,000,
annualized assuming EPA’ s guideline value of a3 percent discount rate, or $286,000, annuaized
assuming OMB’s guiddine value of a7 percent discount rate. The VSL applied in this andysisis then
built up from that VSLY by taking the present vaue of the stream of life years, again assuming a 3%
discount rate. Thus, if you assume that a 40 year-old dying from pneumoniawould lose 5 years of life,
the VSL gpplied to that death would be $0.79 million. For populations over age 65, we then develop a
VALY from the age-adjusted base VSL of $2.3 million. Given an assumed remaining life expectancy of
10 years, thisgivesaVSLY of $273,000, assuming a 3 percent discount rate, or $332,000, assuming a
7 percent discount rate. Again, the VSL is built based on the present value of 5 years of logt life, soin
this case, we have a 70 year old individua dying from pneumonialosing 5 years of life, implying an
esimated VSL of $1.25 million. Asafind step, these estimated VSL vaues are multiplied by the
appropriate adjustment factors to account for changesin WTP over time, as outlined above.
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Applying the VSLY approach to the four categories of acute mortdity results in four separate
sets of values for an avoided premature mortality based on age and cause of death. After adjusting for
income growth, non-COPD deaths for populations aged 65 and older are vaued at around $1.6 million
per incidence in both 2010 and 2020 using a 3% discount rate and $1.7 million per incidence using a
7% dicount rate. Non-COPD desaths for populations aged 64 and younger are valued at $1.0 million
per incidence in 2020 and 2030 using a 3% discount rate and $1.5 million using a 7% discount rate.
COPD deaths for populations aged 65 and older are valued at $0.17 million per incidence in 2020 and
2030 using a 3% discount rate and $0.20 million using a 7% discount rete. Finally, COPD deeths for
populations aged 64 and younger are vaued a $0.11 million per incidence in 2020 and 2030 using a
3% discount rate and $0.17 million using a 7% discount rate. Theimplied VSL for younger
populations is less than that for older populations because the vaue per life year is higher for older
populations. Since we assume that thereisa b year lossin life years for aPM related mortality,
regardiess of the age of person dying, this necessarily leads to alower VSL for younger populations.

Uncertainties Specific to Premature Mortdity Vauation

The economic benefits associated with premature mortality are the largest category of monetized
benefits of the Nonroad Diesd Enginerule.  In addition, in prior analyses EPA has identified valuation
of mortality benefits as the largest contributor to the range of uncertainty in monetized benefits (see U.S.
EPA, 1999). Because of the uncertainty in estimates of the vaue of premature mortaity avoidance, it is
important to adequately characterize and understand the various types of economic approaches
available for mortaity vauation. Such an assessment aso requires an understanding of how dternative
va uation gpproaches reflect that some individuals may be more susceptible to air pollution-induced
mortality, or reflect differencesin the nature of the risk presented by air pollution reative to the risks
Sudied in the relevant economic literature.

The health science literature on air pollution indicates that severa human characteridtics affect the
degree to which mortdity risk affects an individua. For example, Some age groups appear to be more
susceptible to air pollution than others (e.g., the elderly and children). Hedth status prior to exposure
aso affects susceptibility. At risk individuas include those who have suffered strokes or are suffering
from cardiovascular disease and angina (Rowlatt, et d. 1998). Anided benefits estimate of mortdity
risk reduction would reflect these human characteridics, in addition to an individua's willingness to pay
(WTP) to improve one's own chances of surviva plus WTP to improve other individuas survival rates.
The ideal measure would aso take into account the specific nature of the risk reduction commaodity that
is provided to individuas, as well asthe context in which risk isreduced. To measurethisvaue, it is
important to assess how reductionsin air pollution reduce the risk of dying from the time that reductions
take effect onward, and how individuals vaue these changes. Each individud's surviva curve, or the
probaility of surviving beyond a given age, should shift as aresult of an environmenta qudity
improvement. For example, changing the current probability of surviva for an individua aso shifts
future probabilities of that individud's surviva. This probability shift will differ acrossindividuds
because surviva curves are dependent on such characteristics as age, health state, and the current age
to which the individud is likely to survive.
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Although a surviva curve gpproach provides atheoreticaly preferred method for valuing the
benefits of reduced risk of premature mortdity associated with reducing air pollution, the approach
requires agreat ded of datato implement. The economic vauation literature does not yet include good
edimates of the vaue of this risk reduction commodity. Asaresult, in this sudy we vaue avoided
premature mortdity risk using the value of satisticd life gpproach in the Base Edimate, supplemented
by vauation based on an age-adjusted vaue of datidticd life estimate in the Alternative Etimate.

Other uncertainties specific to premature mortdity vauation include the following:

- Across-gudy Variation: The andytica procedure used in the main analysis to estimate the
monetary benefits of avoided premature mortality assumes that the appropriate economic vaue
for each incidence is a vaue from the currently accepted range of the value of adatidticd life,
Thisestimate is based on 26 studies of the value of mortd risks. Thereis consderable
uncertainty asto whether the 26 sudies on the vaue of a gatisticd life provide adequate
estimates of the value of adatistica life saved by air pollution reduction. Although thereis
condderable variaion in the andytica designs and data used in the 26 underlying studies, the
majority of the sudies involve the vaue of risks to a middle-aged working populaion. Mogt of
the studies examine differences in wages of risky occupations, using a wage-hedonic approach.
Certain characteristics of both the population affected and the mortdity risk facing that population
are believed to affect the average willingness to pay (WTP) to reduce therisk. The
appropriateness of adigtribution of WTP estimates from the 26 studies for vauing the
mortality-related benefits of reductionsin air pollution concentrations therefore depends not only
on the qudlity of the studies (i.e., how wdll they measure what they are trying to measure), but
aso on (1) the extent to which the risks being vaued are smilar, and (2) the extent to which the
subjects in the studies are smilar to the population affected by changesin pollution
concentrations.

- Leve of risk reduction. The trandferability of esimates of the vaue of adatigticd life from the 26
Sudies to the Nonroad Diesdl Engine rulemaking analysis rests on the assumption that, within a
reasonable range, WTP for reductionsin mortdity risk islinear in risk reduction. For example,
suppose a study estimates that the average WTP for areduction in mortality risk of 1/100,000 is
$50, but that the actual mortaity risk reduction resulting from a given pollutant reduction is
1/10,000. If WTP for reductions in mortaity risk islinear in risk reduction, then aWTP of $50
for areduction of 1/100,000 impliesa WTP of $500 for arisk reduction of 1/10,000 (which is
ten times the risk reduction valued in the study). Under the assumption of linearity, the estimate of
the vaue of agatigtical life does not depend on the particular amount of risk reduction being
valued. This assumption has been shown to be reasonable provided the change in the risk being
vaued is within the range of risks evauated in the underlying studies (Rowlatt et a. 1998).

- Voluntariness of risks evaluated. Although there may be severa ways in which job-related

mortdity risks differ from air pollution-related mortdity risks, the most important difference may
be that job-related risks are incurred voluntarily, or generaly assumed to be, whereas air
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pollution-related risks are incurred involuntarily. Thereis some evidence that people will pay
more to reduce involuntarily incurred risks than risks incurred voluntarily. If thisisthe case, WTP
estimates based on wage-risk studies may understate WTP to reduce involuntarily incurred air
pollution-related mortality risks.

- Sudden versus protracted death. A final important difference related to the nature of the risk may
be that some workplace mortality risks tend to involve sudden, catastrophic events, whereas air
pollution-related risks tend to involve longer periods of disease and suffering prior to deeth.

Some evidence suggests that WTP to avoid arisk of a protracted degth involving prolonged
auffering and loss of dignity and persond control is greeter than the WTP to avoid arisk (of
identical magnitude) of sudden death. To the extent that the mortdity risks addressed in this
assessment are associated with longer periods of illness or greater pain and suffering than are the
risks addressed in the vauation literature, the WTP measurements employed in the present
andysis would reflect adownward bias.

9A.3.5.5.2 Valuing Reductionsin the Risk of Chronic Bronchitis
Base Edimate

The best available estimate of WTP to avoid a case of chronic bronchitis (CB) comes from
Viscug, et d. (1991). The Viscus, et d. study, however, describes a severe case of CB to the survey
respondents. We therefore employ an estimate of WTP to avoid a pollution-related case of CB, based
on adjugting the Viscug, et d. (1991) estimate of the WTP to avoid asevere case. Thisisdoneto
account for the likelihood that an average case of pollution-related CB is not as severe. The adjustment
is made by applying the dagticity of WTP with respect to severity reported in the Krupnick and
Cropper (1992) study. Details of this adjustment procedure are provided in the benefits TSD for this
RIA (Abt Associates, 2003).

We use the mean of adistribution of WTP estimates as the centra tendency estimate of WTP to
avoid a pallution-related case of CB in thisanayds. The distribution incorporates uncertainty from three
sources: (1) the WTP to avoid a case of severe CB, as described by Viscus, et d.; (2) the severity
leve of an average pollution-related case of CB (relative to that of the case described by Viscus, et
a.); and (3) the adticity of WTP with respect to severity of the illness. Based on assumptions about
the digtributions of each of these three uncertain components, we derive adistribution of WTP to avoid
apollution-related case of CB by Satistical uncertainty andysis techniques. The expected vaue (i.e,
mean) of this distribution, which is about $331,000 (20009$), is taken as the centrd tendency estimate
of WTPto avoid a PM-related case of CB.

Alternative Edimate

For the Alternative Estimate, a cogt-of illness value is used in place of willingness-to-pay to reflect
uncertainty about the value of reductions in incidences of chronic bronchitis. In the Base Egimate, the
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willingness-to-pay estimate was derived from two contingent valuation studies (Viscus et d., 1991;
Krupnick and Cropper, 1992). These studies were experimenta studiesintended to examine new
methodologies for diciting vaues for morbidity endpoints. Although these studies were not specificaly
designed for policy analysis, the SAB (EPA-SAB-COUNCIL-ADV-00-002, 1999) has indicated that
the severity-adjusted vaues from this study provide reasonable estimates of the WTP for avoidance of
chronic bronchitis. Aswith other contingent vauation studies, the rdiagbility of the WTP estimates
depends on the methods used to obtain the WTP values. In order to investigate the impact of using the
CV based WTP egtimates, the Alternative Egtimate relies on estimates of lost earnings and medicd
cods. Using age-specific annud lost earnings and medica costs estimated by Cropper and Krupnick
(1990) and athree percent discount rate, we estimated alifetime present discounted vaue (in 2000$)
due to chronic bronchitis of $150,542 for someone between the ages of 27 and 44; $97,610 for
someone between the ages of 45 and 64; and $11,088 for someone over 65. The corresponding age-
specific esimates of lifetime present discounted vaue (in 2000$) using a seven percent discount rate
are $86,026, $72,261, and assuming $9,030, respectively. These estimates assumed that 1) lost
earnings continue only until age 65, 2) medica expenditures are incurred until desth, and 3) life
expectancy is unchanged by chronic bronchitis.

9A.3.5.5.3 Valuing Reductions in Non-Fatal Myocardial Infarctions (Heart Attacks)

The Agency has not previoudy estimated the impact of its programs on reductionsin the
expected number of non-fatal heart attacks, athough it has examined the impact of reductionsin other
related cardiovascular endpoints’. We were not able to identify a suitable WTP vaue for reductionsin
therisk of non-fatal heart attacks. Instead, we propose a cost-of-illness unit vaue with two
components: the direct medical costs and the opportunity cost (lost earnings) associated with theillness
event. Because the codts associated with an M1 extend beyond theinitid event itsdf, we consider costs
incurred over severa years. Using age-specific annua lost earnings estimated by Cropper and
Krupnick (1990), and a three percent discount rate, we estimated a present discounted valuein lost
earnings (in 2000$) over 5 years due to an M1 of $8,774 for someone between the ages of 25 and 44,
$12,932 for someone between the ages of 45 and 54, and $74,746 for someone between the ages of
55 and 65. The corresponding age-specific estimates of lost earnings (in 2000$) using a seven percent
discount rate are $7,855, $11,578, and $66,920, respectively. Cropper and Krupnick (1990) do not
provide lost earnings estimates for populations under 25 or over 65. As such we do not include lost
earnings in the cost estimates for these age groups.

We have found three possible sources in the literature of estimates of the direct medica costs of Ml:

- Wittds et . (1990) estimated expected total medical costs of M1 over 5 years
to be $51,211 (in 1986%) for people who were admitted to the hospital and
survived hospitdization. (There does not appear to be any discounting used.)
Wittels et d. was used to value coronary heart disease in the 812 Retrospective

9-154



Cost-Benefit Analysis

Andyss of the Clean Air Act. Using the CPI-U for medicd care, the Wittels
estimate is $109,474 in year 2000$. This estimated cost is based on amedical
cost model, which incorporated therapeutic options, projected outcomes and
prices (using “knowledgesble cardiologists’ as consultants). The modd used
medical data and medical decision agorithms to estimate the probabilities of
certain events and/or medica procedures being used. The authors note that the
average length of hospitaization for acute M1 has decreased over time (from an
average of 12.9 daysin 1980 to an average of 11 daysin 1983). Wittdlset d.
used 10 days as the average in their sudy. It isunclear how much further the
length of stay (LOS) for M1 may have decreased from 1983 to the present.
The average LOS for ICD code 410 (MI) in the year-2000 AHQR HCUP
database is 5.5 days. However, this may include patients who died in the
hospital (not included among our non-fatal M1 cases), whose LOS was
therefore subgtantidly shorter than it would be if they hadn’t died.

Eisengtein et al. (2001) estimated 10-year costs of $44,663, in 19973, or
$49,651 in 2000% for MI patients, using statistical prediction (regression)
models to estimate inpatient costs. Only inpatient costs (physician fees and
hospital costs) were included.

Russl et a. (1998) estimated first-year direct medica costs of treating nonfatal
MI of $15,540 (in 1995%), and $1,051 annually thereafter. Converting to year
2000%, that would be $23,353 for a 5-year period (without discounting), or
$29,568 for aten-year period.

In summary, the three different studies provided significantly different vaues.

Table 9A-27.

Alternative Direct Medical Cost of |lIness Estimatesfor Nonfatal Heart Attacks

Wittels et d., 1990

Direct Medical Costs (2000$) | Over an x-year period, for x

$109,474*

Russl et ., 1998

$22,331**

Eisengein et d., 2001

$49,651**

Rus=l et ., 1998

$27,242**

*Wittels et d. did not gppear to discount costs incurred in future years.
**Jsng a3 percent discount rate.
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As noted above, the estimates from these three studies are substantidly different, and we have not
adequately resolved the sources of differencesin the estimates. Because the wage-related opportunity
cost estimates from Cropper and Krupnick, 1990, cover a 5-year period, we will use estimates for
medical cogsthat smilarly cover a5-year period —i.e., estimates from Wittes et d., 1990, and RussHl|
et a., 1998. Wewill use asmple average of the two 5-year estimates, or $65,902, and add it to the
5-year opportunity cost estimate. The resulting estimates are given in the table below.

Table 9A-28.
Estimated Costs Over a5-Year Period (in 2000%$) of a Non-Fatal Myocardial | nfarction

Medical Cost**

$0 $65,902
$8,774* $74,676

$12,253* $78,834

$70,619* $140,649

$0 $65,902

*From Cropper and Krupnick, 1990, using a 3% discount rate.
** An average of the 5-year costs estimated by Wittels et al., 1990, and Russell et al., 1998.

9A.3.5.5.4 Valuing Reductions in School Absence Days

School absences associated with exposure to ozone are likely to be due to respiratory-rel ated
symptoms and illnesses. Because the respiratory symptom and illness endpoints we are including are all
PM-related rather than ozone-related, we do not have to be concerned about double counting of
benefits if we aggregeate the benefits of avoiding ozone-related school absences with the benefits of
avoiding PM-related respiratory symptoms and illnesses.

One possible gpproach to valuing a school absence isusing a parenta opportunity cost approach.
This method requires two steps: (1) estimate the probability that, if aschool child says home from
schoal, a parent will have to stay home from work to care for the child, and (2) value the lost
productivity a the person’swage. Using this method, we would estimate the proportion of families
with school-age children in which both parents work, and vaue a school loss day as the probability of a
work loss day resulting from a school loss day (i.e., the proportion of households with school-age
children in which both parents work) times some measure of lost wages (whatever measure we use to
vaue work lossdays). There are two significant problems with this method, however. Firg, it omits
WTP to avoid the symptoms/iliness which resulted in the school absence. Second, it effectively gives
zero vaue to school absences which do not result in awork loss day (unless we derive an dternative
estimate of the value of the parent’ s time for those cases in which the parent is not in the |abor force).

9-156



Cost-Benefit Analysis
We are investigating gpproaches usng WTP for avoid the symptoms/illnesses causing the absence. In
the interim, we will use the parenta opportunity cost approach.

For the parental opportunity cost approach, we make an explicit, conservative assumption that in
married households with two working parents, the femae parent will stay home with asick child. From
the U.S. Census Bureau, Statistical Abstract of the United States. 2001, we obtained (1) the numbers
of sngle, married, and “ other” (i.e., widowed, divorced, or separated) women with children in the
workforce, and (2) the rates of participation in the workforce of single, married, and “ other” women
with children. From these two sets of datistics, we inferred the numbers of single, married, and “other”
women with children, and the corresponding percentages. These percentages were used to calculate a
weighted average participation rate, as shown in the table below.

Table 9A-29.
Women with Children: Number and Percent
in the Labor Force, 2000, and Weighted Aver age Participation Rate*

Number (in
millions) in
L abor Force

Participation
Rate

Implied Tota
Number in
Population (in

millions)

Implied
Percent in
Population

Weighted
Average
Participation
Rate [=sum

(2*(4) over

11.84%

72.79%

15.36%

72.85%

*Datain columns (1) and (2) are from U.S. Census Bureau, Statistical Abstract of the United States: 2001, Section 12:
Labor Force, Employment, and Earnings, Table No. 577.
**\Widowed, divorced, or separated.

Our estimated dally lost wage (if amother must stay a home with asick child) is based on the
median weekly wage among women age 25 and older in 2000 (U.S. Census Bureau, Statistical
Abstract of the United States: 2001, Section 12: Labor Force, Employment, and Earnings, Table No.
621). Thismedian wageis $551. Dividing by 5 gives an estimated median daily wage of $103.

The expected loss in wages due to aday of school absence in which the mother would have to Stay

home with her child is estimated as the probakility thet the mother isin the workforce times the daily
wage she would lose if she missed aday = 72.85% of $103, or $75.
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9A.3.5.6 Unquantified Health Effects

In addition to the hedlth effects discussed above, human exposure to PM and ozone is believed to
be linked to hedth effects such as ozone-related premature mortaity (Ito and Thurston, 1996; Samet,
et a. 1997), PM-related infant mortdity (Woodruff, et ., 1997), cancer (US EPA, 1996b), increased
emergency room visits for non-asthma respiratory causes (US EPA, 1996a; 1996b), impaired airway
responsiveness (US EPA, 1996a), increased susceptibility to respiratory infection (US EPA, 1996a),
acute inflammeation and respiratory cdl damage (US EPA, 19964), premature aging of the lungs and
chronic respiratory damage (US EPA, 1996a; 1996b). An improvement in ambient PM and ozone air
quality may reduce the number of incidences within each effect category that the U.S. population would
experience. Although these hedlth effects are bdlieved to be PM or ozone-induced, C-R data are not
available for quantifying the benefits associated with reducing these effects. The ingbility to quantify
these effects lends a downward bias to the monetized benefits presented in this andyss.

Another category of potential effectsthat may change in response to ozone reduction Strategies
results from the shilding provided by ozone againgt the harmful effects of ultraviolet radiation (UV-B)
derived from the sun. The grest mgority of this shieding results from naturaly occurring ozone in the
stratosphere, but the 10 percent of tota “column” ozone present in the troposphere aso contributes
(NAS, 1991). A variable portion of thistropospheric fraction of UV-B shilding is derived from
ground level or “smog” ozone related to anthropogenic air pollution. Therefore, strategies that reduce
ground level ozone will, in some small measure, increase exposure to UV-B from the sun.

Whileit is possible to provide quantitetive estimates of benefits associated with globally based
drategies to restore the far larger and more spatidly uniform stratospheric ozone layer, the changesin
UV-B exposures associated with ground level ozone reduction strategies are much more complicated
and uncertain. Smog ozone gtrategies, such as mobile source controls, are focused on decreasing peak
ground level ozone concentrations, and it is reasonable to conclude that they produce afar more
complex and heterogeneous spatial and tempora pattern of ozone concentration and UV-B exposure
changes than do stratospheric ozone protection programs. In addition, the changesin long-term total
column ozone concentrations are far smaler from ground-level programs. To properly estimate the
change in exposure and impacts, it would be necessary to match the spatid and tempora distribution of
the changesin ground-level ozone to the spatid and tempord distribution of exposure to ground level
ozone and sunlight. More importantly, it islong-term exposure to UV-B that is associated with effects.
Intermittent, short-term, and relatively smal changes in ground-level ozone and UV-B are not likdly to
mesasurably change long-term risks of these adverse effects.

For al of these reasons, we were unable to provide reliable estimates of the changesin UV-B
shidding associated with ground-level ozone changes. Thisinability lends an upward bias to the net
monetized benefits presented in thisanalyss. It islikely that the adverse hedlth effects associated with
increasesin UV-B exposure from decreased tropospheric ozone will, however, be relaively smdl
because 1) the expected long-term ozone change resulting from thisrule is smdl relaive to totdl
anthropogenic tropospheric ozone, which in turn issmdl in comparison to total column natura
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stratospheric and tropospheric ozone; 2) air quaity management strategies are focused on decreasing
pesk 0zone concentrations and thus may change exposures over limited areas for limited times; 3)
people often receive peak exposuresto UV-B in coastal areas where sea or |ake breezes reduce
ground level pollution concentrations regardless of strategy; and 4) ozone concentration changes are
greatest in urban areas and areas immediately downwind of urban aress. In these areas, people are
more likely to spend most of their time indoors or in the shade of buildings, trees or vehicles.

9A.3.6 Human Welfare Impact Assessment

PM and ozone have numerous documented effects on environmenta quality that affect human
welfare. These wefare effects include direct damages to property, either through impacts on materid
structures or by soiling of surfaces, direct economic damagesin the form of lost productivity of crops
and trees, indirect damages through dteration of ecosystem functions, and indirect economic damages
through the lossin value of recreational experiences or the existence vaue of important resources.
EPA'’ s Criteria Documents for PM and ozone list numerous physica and ecological effects known to
be linked to ambient concentrations of these pollutants (US EPA, 1996a; 1996b). This section
describesindividud effects and how we quantify and monetize them. These effects include changesin
commercid crop and forest yields, vishility, and nitrogen deposition to estuaries.

9A.3.6.1 Visbility Benefits

Changesin the leve of ambient particulate matter caused by the reduction in emissions from the
preliminary control options will change the leve of vishility in much of the U.S. Vighility directly affects
people s enjoyment of avariety of daily activities. Individuas vaue vishility both in the places they live
and work, in the places they trave to for recreationa purposes, and at stes of unique public vaue, such
as the Grand Canyon. This section discusses the measurement of the economic benefits of visihility.

It isdifficult to quantitatively define a vishility endpoint that can be used for vauation. Increases
in PM concentrations cause increases in light extinction.  Light extinction is ameasure of how much the
components of the atmosphere absorb light. More light absorption means that the clarity of visua
images and visua range is reduced, ceteris paribus. Light absorption is avariable that can be
accurately measured. Sider (1996) created a unitless measure of visbility based directly on the degree
of messured light absorption called the deciview. Deciviews are standardized for a reference distance
in such away that one deciview corresponds to a change of about 10 percent in available light. Sider
characterized achange in light extinction of one deciview as“asmdl but perceptible scenic change
under many circumstances” Air quality modes were used to predict the change in visibility, measured
in deciviews, of the areas affected by the preiminary control options.”

W A change of less than 10 percent in the light extinction budget represents a measurable improvement in
visibility, but may not be perceptible to the eye in many cases. Some of the average regional changesin visibility are
less than one deciview (i.e. less than 10 percent of the light extinction budget), and thus less than perceptible.
However, this does not mean that these changes are not real or significant. Our assumption is then that individuals
can place values on changes in visibility that may not be perceptible. Thisis quite plausibleif individuals are aware
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EPA consders benefits from two categories of vishility changes: resdentid vighility and
recreationa vighility. In both cases economic benefits are believed to consist of both use values and
non-use vaues. Use values include the aesthetic benefits of better vighility, improved road and air
safety, and enhanced recreation in activities like hunting and birdwatching. Non-use vaues are based
on peopl€ s beliefs that the environment ought to exist free of human-induced haze. Non-use values
may be amore important component of value for recreationa areas, particularly nationd parks and
monuments.

Resdentid vighility benefits are those that occur from vigihility changesin urban, suburban, and
rura areas, and adso in recreational areas not listed as federal Class| areas* For the purposes of this
andysdis, recregtiond visbility improvements are defined as those that occur specificaly in federd Class
| aress. A key digtinction between recrestiona and residentid benefitsis that only those peopleliving in
resdentia aress are assumed to receive benefits from resdentid vishility, while dl householdsin the
U.S. are assumed to derive some benefit from improvementsin Class | areas. Vaues are assumed to
be higher if the Class| areaiislocated close to their home?

Only two exigting studies provide defensible monetary estimates of the vaue of vishility changes.
Oneisadgudy on resdentid vishility conducted in 1990 (McCleland, et. a., 1993) and the other isa
1988 survey on recregtiond vishility vaue (Chestnut and Rowe, 1990a; 1990b). Both utilize the
contingent valuation method. There has been a great dedl of controversy and significant development of
both theoretical and empirical knowledge about how to conduct CV surveysin the past decade. In
EPA'’ s judgment, the Chestnut and Rowe study contains many of the dements of avadid CV study and
issufficiently reliable to serve as the badi's for monetary estimates of the benefits of vighility changesin
recreational areas” This Study serves as an essentid input to our estimates of the benefits of
recregtiond vishility improvementsin the primary benefits esimates. Consstent with SAB advice,

EPA has designated the McClelland, et d. study as sgnificantly less reliable for regulatory benefit-cost
andyss, dthough it does provide useful estimates on the order of magnitude of resdentid visbility
benefits (EPA-SAB-COUNCIL-ADV-00-002, 1999). Residentid visihbility benefits are therefore only
included as a sengtivity estimate in Appendix 9-B.

that many regulations lead to small improvements in visibility which when considered together amount to perceptible
changesin visibility.

X The Clean Air Act designates 156 national parks and wilderness areas as Class | areas for visibility protection.

Y For details of the visibility estimates discussed in this chapter, please refer to the benefits technical support
document for this RIA (Abt Associates 2003).

Z An SAB advisory letter indicates that* many members of the Council believe that the Chestnut and Rowe
study isthe best available.” (EPA-SAB-COUNCIL-ADV-00-002, 1999) However, the committee did not formally
approve use of these estimates because of concerns about the peer-reviewed status of the study. EPA believesthe
study has received adequate review and has been cited in numerous peer-reviewed publications (Chestnut and
Dennis, 1997).
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The Chestnut and Rowe study measured the demand for visibility in Class | areas managed by the
Nationd Park Service (NPS) in three broad regions of the country: Cdifornia, the Southwest, and the
Southeast. Respondentsin five states were asked about their willingness to pay to protect nationa
parks or NPS-managed wilderness areas within aparticular region.  The survey used photographs
reflecting different vishility levelsin the specified recregtiond areas. The vishility levesin these
photographs were later converted to deciviews for the current andlyss. The survey data collected were
used to estimate a WTP equation for improved visbility. In addition to the vishility change variable, the
estimating equation aso included household income as an explanatory variadle.

The Chestnut and Rowe study did not measure vaues for vighility improvement in Class| areas
outside the three regions. Their study covered 86 of the 156 Class| areasinthe U.S. We can infer the
vaue of vighility changesin the other Class| areas by transferring vaues of vishility changes at Class|
areasin the study regions. However, these vaues are not as defengible and are thus presented only as
an dternative caculation in Table 9A-25. A complete description of the benefits transfer method used
to infer valuesfor vighility changesin Class | areas outsde the study regionsis provided in the benefits
TSD for thisRIA (Abt Associates, 2003).

The estimated rel ationship from the Chestnut and Rowe study is only directly gpplicable to the
populations represented by survey respondents. EPA used benefits transfer methodology to
extrapol ate these results to the population affected by the Nonroad Diesdl Enginesrule. A generd
willingness to pay equation for improved vishility (measured in deciviews) was developed as a function
of the basdine leved of vighility, the magnitude of the vishility improvement, and household income.
The behaviord parameters of this equation were taken from analyss of the Chestnut and Rowe data.
These parameters were used to cdibrate WTP for the visihility changes resulting from the Nonroad
Diesd Enginesrule. The method for developing caibrated WTP functionsis based on the approach
developed by Smith, et d. (2002). Available evidence indicates that households are willing to pay more
for agiven vighility improvement as their income increases (Chestnut, 1997). The benefits estimates
here incorporate Chestnut’ s estimate that a 1 percent increase in income is associated with a0.9
percent increase in WTP for agiven change in vishility.

Using the methodology outlined above, EPA estimates that the totd WTP for the visibility
improvements in Cdifornia, Southwestern, and Southeastern Class | areas brought about by the
Nonroad Diesd Enginesruleis $2.2 billion. Thisvaue includes the vaue to households living in the
same date asthe Class | areaaswdl asvauesfor al householdsin the U.S. living outside the state
containing the Class | area, and the vaue accounts for growth in red income. We examine the impact
of expanding the vishility benefits andyss to other areas of the country in asengtivity andyss
presented in Appendix 9-B.

One mgor source of uncertainty for the vishility benefit estimate is the benefits transfer process
used. Judgments used to choose the functiona form and key parameters of the estimating equation for
willingnessto pay for the affected population could have sgnificant effects on the Sze of the estimates.
Assumptions about how individuas respond to changesin vishbility that are either very smdl, or outsde
the range covered in the Chestnut and Rowe study, could also affect the results.

9-161



Draft Regulatory Impact Analysis

9A.3.6.2 Agricultural, Forestry and other Vegetation Related Benefits

The Ozone Criteria Document notes that “ ozone affects vegetation throughout the United States,
impairing crops, native vegetation, and ecosystems more than any other air pollutant” (US EPA,
1996). Changes in ground level ozone resulting from the preliminary control options are expected to
impact crop and forest yields throughout the affected area.

Wdll-devel oped techniques exist to provide monetary estimates of these benefits to agricultura
producers and to consumers. These techniques use modds of planting decisons, yield response
functions, and agricultura products supply and demand. The resulting welfare measures are based on
predicted changes in market prices and production costs. Modds aso exist to mesasure benefits to
slvicultura producers and consumers. However, these models have not been adapted for usein
andyzing ozone related forest impacts. As such, our analysis provides monetized estimates of
agricultura benefits, and a discussion of the impact of ozone changes on forest productivity, but does
not monetize commercia forest related benefits.

9A.3.6.2.1 Agricultural Benefits

Laboratory and field experiments have shown reductions in yields for agronomic crops exposed
to ozone, including vegetables (e.g., lettuce) and field crops (e.g., cotton and wheat). The most
extensive field experiments, conducted under the National Crop Loss Assessment Network (NCLAN)
examined 15 species and numerous cultivars. The NCLAN results show that “ severd economicaly
important crop species are sendtive to ozone levelstypical of those found in the U.S.” (US EPA,
1996). In addition, economic studies have shown a relationship between observed ozone levels and
crop yidds (Garcia, et d., 1986). The economic value associated with varying levels of yield lossfor
ozone-sengitive commodity cropsis andyzed using the AGSIM® agricultura benefits moddl (Taylor, et
al., 1993). AGSIM® is an econometric-simulation modd that is based on alarge st of Satigticaly
esimated demand and supply equations for agricultura commodities produced in the United States.
The modd is cgpable of analyzing the effects of changesin policies (in this case, the implementation of
the Nonroad Diesdl Engines rule) that affect commodity crop yields or production costs®

The measure of benefits caculated by the modd isthe net change in consumer and producer
surplus from basdline ozone concentrations to the 0zone concentrations resulting from attainment of
particular sandards. Using the basdline and post-control equilibria, the model cd culates the changein
net consumer and producer surplus on a crop-by-crop basis™ Dollar values are aggregated across

AAAGSIM © is designed to forecast agricultural supply and demand out to 2010. We were not able to adapt the
model to forecast out to 2030. Instead, we apply percentage increases in yields from decreased ambient ozone levels
in 2030 to 2010 yield levels, and input these into an agricultural sector model held at 2010 levels of demand and
supply. Itisuncertain what impact this assumption will have on net changesin surplus.

BB Agricultural benefits differ from other health and welfare endpointsin the length of the assumed ozone
season. For agriculture, the 0zone season is assumed to extend from April to September. This assumption is made
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crops for each standard. Thetotdl dollar vaue represents a measure of the change in socia wefare
associated with the Nonroad Diesdl Enginesrule.

The model employs biologica exposure-response information derived from controlled
experiments conducted by the NCLAN (NCLAN, 1996). For the purpose of our anayss, we andyze
changes for the Six most economicaly significant crops for which C-R functions are available: corn,
cotton, peanuts, sorghum, soybean, and winter wheat. For some crops there are multiple C-R
functions, some more sengtive to 0zone and some less. Our base estimate assumes that crops are
evenly mixed between relatively sendtive and rdatively insengtive varigties Sengtivity to this
assumption is tested in Appendix 9-B.

9A.3.6.2.2 Forestry Benefits

Ozone dso has been shown conclusively to cause discernible injury to forest trees (US EPA,
1996; Fox and Mickler, 1996). In our previous analyss of the HD Engine/Diesd Fud rule, we were
able to quantify the effects of changesin ozone concentrations on tree growth for alimited set of
gpecies. Due to data limitations, we were not able to quantify such impactsfor thisanayss. We plan
to assess both physica impacts on tree growth and the economic vaue of those phyisica impactsin our
andysis of thefind rule. We will use econometric models of forest product supply and demand to
estimate changes in prices, producer profits and consumer surplus.

9A.3.6.2.3 Other Vegetation Effects

An additiona welfare benefit expected to accrue as aresult of reductions in ambient ozone
concentrations in the U.S. is the economic vaue the public receives from reduced aesthetic injury to
forests. Thereis sufficient scientific information available to rdiably establish that ambient ozone levels
cause vishbleinjury to foliage and impair the growth of some sensitive plant species (US EPA, 1996c,
p. 5-521). However, present andytic tools and resources preclude EPA from quantifying the benefits
of improved forest aesthetics.

Urban ornamentals represent an additiond vegetation category likely to experience some degree
of negative effects associated with exposure to ambient ozone levels and likdly to impact large
economic sectors. In the absence of adequate exposure-response functions and economic damage
functions for the potentia range of effects relevant to these types of vegetation, no direct quantitative
economic benefits andysi's has been conducted. 1t is estimated that more than $20 billion (1990
dollars) are spent annudly on landscaping using ornamentals (Abt Associates, 1995), both by private
property owners/tenants and by governmenta units responsible for public areas. Thisistherefore a

to ensure proper calculation of the ozone statistic used in the exposure-response functions. The only crop affected
by changesin ozone during April iswinter wheat.

C Thetotal value for these crops in 1998 was $47 billion.
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potentialy important welfare effects category. However, information and val uation methods are not
available to dlow for plausible estimates of the percentage of these expenditures that may be related to
impacts associated with ozone exposure.

The nonroad diesel standards, by reducing NOy emissions, will dso reduce nitrogen deposition
on agriculturd land and forests. There is some evidence that nitrogen deposition may have positive
effects on agricultura output through passive fertilization. Holding dl other factors congtant, farmers
use of purchased fertilizers or manure may increase as deposited nitrogen is reduced. Estimates of the
potential value of this possible increase in the use of purchased fertilizers are not available, but it islikey
that the overdl vaueisvery smal rdative to other hedth and wedfare effects. The share of nitrogen
requirements provided by this depostion is smal, and the margina cost of providing this nitrogen from
dternative sourcesis quite low. In some aress, agricultura lands suffer from nitrogen over-saturation
due to an abundance of on-farm nitrogen production, primarily from anima manure. In these aress,
reductions in atmaospheric deposition of nitrogen from PM represent additiond agricultural benefits.

Information on the effects of changes in passive nitrogen deposition on forests and other terrestria
ecosystemsis very limited. The multiplicity of factors affecting forests, including other potentid stressors
such as ozone, and limiting factors such as moisture and other nutrients, confound assessments of
margind changesin any one stressor or nutrient in forest ecosystems. However, reductionsin
deposition of nitrogen could have negative effects on forest and vegetation growth in ecosystems where
nitrogen isalimiting factor (US EPA, 1993).

On the other hand, there is evidence that forest ecosystems in some areas of the United States are
nitrogen saturated (US EPA, 1993). Once saturation is reached, adverse 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 dements such as duminum. Increased soil acidification isaso linked to
higher amounts of acidic runoff to streams and lakes and leaching of harmful dementsinto aguatic
ecosystems.

9A.3.6.3 Benefits from Reductionsin Materials Damage

The preliminary control options that we modeled are expected to produce economic benefitsin
the form of reduced materials damage. There are two important categories of these benefits.
Household soiling refers to the accumulation of dirt, dust, and ash on exposed surfaces. Criteria
pollutants dso have corrosive effects on commercia/indudtria buildings and structures of cultural and
higtoricd sgnificance. The effects on historic buildings and outdoor works of art are of particular
concern because of the uniqueness and irreplacesbility of many of these objects.

Previous EPA benefit analyses have been able to provide quantitative estimates of household

soiling damage. Consigtent with SAB advice, we determined that the existing data (based on consumer
expenditures from the early 1970's) are too out of date to provide areliable enough estimate of current
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household soiling damages (EPA-SAB-Council-ADV-003, 1998) to include in our base estimate. We
cd culate household soiling damages in a senditivity estimate provided in Appendix 9B.

EPA isunable to estimate any benefits to commercia and indudtrid entities from reduced
materials damage. Nor is EPA able to estimate the benefits of reductionsin PM-related damage to
higtoric buildings and outdoor works of art. Existing studies of damage to this latter category in
Sweden (Grosclaude and Soguel, 1994) indicate that these benefits could be an order of magnitude
larger than household soiling benefits.

9A.3.6.4 Benefits from Reduced Ecosystem Damage

The effects of air pollution on the hedlth and stability of ecosystems are potentidly very important,
but are at present poorly understood and difficult to measure. The reductionsin NOy caused by the
find rule could produce significant benefits. Excess nutrient loads, especidly of nitrogen, cause a
variety of adverse consequences to the hedlth of estuarine and coastal waters. These effectsinclude
toxic and/or noxious dga blooms such as brown and red tides, low (hypoxic) or zero (anoxic)
concentrations of dissolved oxygen in bottom waters, the loss of submerged aguetic vegetation due to
the light-filtering effect of thick dgd mats, and fundamentd shifts in phytoplankton community structure
(Bricker et d., 1999).

Direct C-R functions relating changes in nitrogen loadings to changes in estuarine benefits are not
avalable. The preferred WTP based measure of benefits depends on the availability of these C-R
functions and on estimates of the value of environmental responses. Because neither appropriate C-R
functions nor sufficient information to esimate the margind vaue of changesin water qudlity exist a
present, calculation of aWTP measureis not possible.

If better models of ecological effects can be defined, EPA believes that progress can be madein
estimating WTP measures for ecosystemn functions. These estimates would be superior to avoided cost
edimates in placing economic vaues on the welfare changes associated with air pollution damage to
ecosystem hedth. For example, if nitrogen or sulfate loadings can be linked to measurable and
definable changes in fish populations or definable indexes of biodiversty, then CV sudies can be
designed to dicit individuas WTP for changes in these effects. Thisis an important areafor further
research and analys's, and will require close collaboration among air quality modders, naturd scientists,
and economigts.

9A .4 Benefits Analysis—Results

Applying the C-R and vauation functions described in Section C to the estimated changesin
ozone and PM described in Section B yields estimates of the changesin physica damages (i.e.
premature mortalities, cases, admissons, change in deciviews, increased crop yidds, etc.) and the
associated monetary vaues for those changes. Estimates of physica health impacts are presented in
Table 9A.9. Monetized values for both health and welfare endpoints are presented in Table 9A.10,
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aong with total aggregate monetized benefits. All of the monetary benefits are in constant year 2000
dollars.

Not al known PM- and ozone-related hedth and welfare effects could be quantified or
monetized. The monetized value of these unquantified effectsis represented by adding an unknown “B”
to the aggregate total. The estimate of tota monetized hedth benefits is thus equd to the subset of
monetized PM- and ozone-related hedlth and welfare benefits plus B, the sum of the unmonetized
hedlth and welfare benefits.

Both the Base and Alternative estimates are dominated by benefits of mortality risk reductions.
The Base estimate projects that the modeled preliminary control options will result in 6,200 avoided
premature deaths in 2020 and 11,000 avoided premature desthsin 2030. The Alternative estimate
projects that reductions in short-term PM2.5 exposures aone will result in 3,700 avoided premature
deaths in 2020 and 6,600 avoided premature deaths in 2030. The increase in benefits from 2020 to
2030 reflects additiona emission reductions from the standards, as well asincreasesin total population
and the average age of the population. The omission of long-term impacts of particulate matter on
mortaity accounts for gpproximeately 40 percent reduction in the estimate of avoided premature
mortaity in the Alternative Esimate relaive to the Base Etimate.

Our base estimate of total monetized benefits in 2030 for the modeled preliminary control options
ruleis $92 billion using a 3 percent discount rate and $87 billion using a 7 percent discount rate. In
2020, the base monetized benefits are estimated at $52 billion using a 3 percent discount rate and $47
billion using a 7 percent discount rate. Health benefits account for 94 percent of tota benefits. The
monetized benefit associated with reductions in the risk of premature mortdity, which accounts for $85
billion in 2030 and $47 billion in 2020, is over 90 percent of total monetized hedth benefits. The next
largest benefit is for reductionsin chronic illness (chronic bronchitis and non-fatal heart atacks),
athough this value is more than an order of magnitude lower than for premature mortality. Minor
restricted activity days, work loss days, school absence days, and worker productivity account for the
majority of the remaining benefits. The remaining categories account for less than $10 million each,
however, they represent alarge number of avoided incidences affecting many individuas.

The dternative estimate of tota monetized benefitsin 2030 for the modeled preliminary control
option is $14 billion using a 3 percent discount rate and $15 hillion using a 7 percent discount rate. In
2020, the dternative monetized benefits are estimated at $8 billion using a 3 percent discount rate and
$9 billion using a 7 percent discount rate. Health benefits account for around 80 percent of the totdl
dternative benefits estimates. The 40 percent reduction in mortdity under the Alternative Estimate and
the difference in vauation of premature mortaity and chronic bronchitis explain the difference in benefits
between these two approaches.

A comparison of the incidence table to the monetary benefits table reved s thet there is not dways

a close correspondence between the number of incidences avoided for a given endpoint and the
monetary vaue associated with that endpoint. For example, there are 100 times more work |oss days
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than premature mortalities, yet work loss days account for only avery smal fraction of tota monetized
benefits. Thisreflectsthe fact that many of the less severe hedlth effects, while more common, are
vaued a alower leve than the more severe hedth effects. Also, some effects, such as hospita
admissions, are valued using a proxy measure of WTP. As such the true value of these effects may be
higher than that reported in Table 9A.9.

Ozone benefits are in aggregate pogtive for the nation. However, due to 0zone increases
occurring during certain hours of the day in some urban areas, in 2020 the net effect isan increasein
minor rediricted activity days, which are related to changes in daily average ozone (which includes hours
during which ozone levels are low, but are increased rdlative to the basdline). However, by 2030, there
isanet decrease in MRAD consstent with widespread reductions in ozone concentrations from the
increased NOX emissions reductions. Overdl, ozone benefits are low relative to PM benefits for
smilar endpoint categories because of the increases in 0zone concentrations during some hours of some
daysin certain urban areas. For amore complete discussion of thisissue, see Chapter 3.
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Table 9A.30.
Reductionsin Incidence of Adver se Health Effects Associated with Reductionsin Particulate
Matter and Ozone Associated with the M odeled Prdiminary Control Option

Avoided I ncidence®
(caseslyear)

Endpoint

PM-related Endpoints

Premature mortality® -
Base estimate: Long-term exposure (adults, 30 and over) 6,200 11,000
Alternative estimate:  Short-term exposure (all ages) 3,700 6,600

hronic bronchitis (adults, 26 and over) 4,300 6,500
on-fatal myocardid infarctions (adults, 18 and older) 11,000 18,000

ospital admissions — Respiratory (all ages)© 3,100 5,500

ospital admissions— Cardiovascular (adults, 20 and ol der)D 3,300 5,700

mergency Room Visits for Asthma (18 and younger) 4,300 6,500
A\ cute bronchitis (children, 8-12) 10,000 16,000
ower respiratory symptoms (children, 7-14) 110,000 170,000
pper respiratory symptoms (asthmatic children, 9-11) 92,000 120,000
ork loss days (adults, 18-65) 780,000 1,100,000

inor restricted activity days (adults, age 18-65) 4,600,000 6,500,000

Dzone-related Endpoints
ospital Admissions — Respiratory Causes (adults, 65 and ol der)E
ospital Admissions - Respiratory Causes (children, under 2 years)
mergency Room Visits for Asthma (all ages)
inor restricted activity days (adults, age 18-65)

School absence days (children, age 6-11)

A Incidences are rounded to two significant digits.

B Premature mortality associated with ozone is not separately included in this analysis

€ Respiratory hospital admissions for PM includes admissions for COPD, pneumonia, and asthma.

P Cardiovascular hospital admissions for PM includes total cardiovascular and subcategories for ischemic heart
disease, dysrhythmias, and heart failure.

E Respiratory hospital admissions for ozone includes admissions for all respiratory causes and subcategories for
COPD and pneumonia.
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Table9A.31
Results of Human Health and Welfar e Benefits Valuation for the Modéeled Preiminary
Nonroad Diesel Engine Standards

Monetary Benefits™®
(millions 2000$, Adjusted for

Pollutant Income Growth)

Premature mortality©

Base estimate: Long-term exposure, (adults, 30 and over)

3% discount rate
7% discount rate
Alternative estimate:  Short-term exposure, (all ages)
3% discount rate
7% discount rate

hronic bronchitis (adults, 26 and over)
Base estimate: Willingness-to-pay
Alternative estimate: Cost-of-illness
3% discount rate
7% discount rate

on-fatal myocardial infarctions
3% discount rate
7% discount rate

2020

2030

$85,000
$80,000

$9,100
$10,000

$3,000

$600
$390

$1,400
$1,400

ospital Admissions from Respiratory Causes
ospital Admissions from Cardiovascular Causes

mergency Room Visits for Asthma

$110

$120

Acute bronchitis (children, 8-12)
ower respiratory symptoms (children, 7-14)
pper respiratory symptoms (asthmatic children, 9-11)
ork loss days (adults, 18-65)
inor restricted activity days (adults, age 18-65)

School absence days (children, age 6-11)

orker productivity (outdoor workers, age 18-65)

Recreational visibility (86 Class | Areas)

Agricultural crop damage (6 crops)

onetized Total"!
Base estimate
3% discount rate
7% discount rate
Alternative estimate
3% discount rate
7% discount rate

9-169

$52,000+B
$49,000+B

$8,300+B
$8,800+B

$92,000+B
$87,000+B

$14,000+B
$15,000+B




Draft Regulatory Impact Analysis

AM onetary benefits are rounded to two significant digits.

& Monetary benefits are adjusted to account for growth in real GDP per capita between 1990 and the analysis year (2020 or 2030).

¢ Premature mortality associated with ozoneis not separately included in thisanalysis. It isassumed that the C-R function for
premature mortality captures both PM mortality benefits and any mortality benefits associated with other air pollutants. Also note
that the valuation assumesthe 5 year distributed lag structure described earlier.  Resultsreflect the use of two different discount rates;
a3% ratewhichisrecommended by EPA’s Guidelinesfor Preparing Economic Analyses (US EPA, 2000c), and 7% whichis
recommended by OMB Circular A-94 (OMB, 1992).

P Respiratory hospital admissionsfor PM includes admissionsfor COPD, pneumonia, and asthma.

E Cardiovascular hospital admissionsfor PM includestotal cardiovascular and subcategoriesfor ischemic heart disease, dysrhythmias,
and heart failure.

F Respiratory hospital admissionsfor ozoneincludes admissionsfor al respiratory causes and subcategoriesfor COPD and pneumonia
© B represents the monetary value of the unmonetized health and welfare benefits. A detailed listing of unquantified PM, ozone, CO,
and NMHC related hedlth effectsis provided in Table XI-B.1.

To gain further understanding into the public heath impact of the modeed changein air quaity
asociated with the preliminary control options, we examined the incidence of hedlth effects occurring in
three age groups:. children (0-17), adults (18-64), and elderly adults (65 and older). Certain endpoints
occur only in asubset of age groups, so not al endpoints are reported for dl age groups. Two sets of
age group estimates were caculated. The firgt is based on the specific age ranges examined in the
epidemiologicd sudies, for example, the Dockery et d (1996) acute bronchitis study focused on a
sample population aged 8 to 12. These are the estimates that were used in deriving total incidences as
reported in Table 9A.9. In many cases however, the study populations were defined as a matter of
convenience or due to data availability, rather than due to any biologica factor that would restrict the
effect to the specific age group. In order to gain a more complete understanding of the potential
magnitude of the health impact in the entire population, we caculate a sparate estimate including the
hedth impact on dl population within an age group. The two sets of age Secific incidence estimates are
provided in Table 9A-32. Note that for premature mortality, we chose not to extend the estimates
based on long-term exposure to children, even though there is some evidence that PM exposure has
mortality impacts in this age group (see Woodruff et d., 1997). The short-term exposure studies used
in the dternative estimate include dl ages, and thus provide an estimate of mortality benefits occuring in
children.

We dso estimated respiratory symptoms and attacks occurring the asthmatic population, based
on the studies defined in Table 9A-22. Aswith the age group specific estimates, we provide two sets
of caculations, one based on gpplying the C-R function only to the specific population subgroup
included in astudy’ s sample population, and another based on gpplying the C-R function to dl
populations within a broader population. The two sets of asthma symptom incidences are provided in
Table 9A-33. Asnoted earlier in this appendix, the asthma symptom estimates provided in Table 9A-
33 are not additive to the total benefits presented in Table 9A-31. They are provided to show the
specific impacts on an especially susceptible Subpopulations. Also note that the estimates are not
additive even within the table. We have grouped the estimates based on the type of symptoms
measured, but there is the potentia for considerable overlap. However, these estimates provide an
illugtration of the consstency of the effects across studies and populations of asthmetics.
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Table 9A-32.
Reductionsin Incidence of Health Endpoints by Age Group”

Pollutants Avoided Incidence - Study Avoided Incidence - Total Age
Population Only (cases/year) Group Population
Endpoint/Age Group (caseslyear)

Premature mortality® -
Alternative estimate: Short-term exposure 20 20

ospital Admissions- Respiratory Causes® 240 240

mergency Room Visitsfor Asthma 4,300 4,300

A\ cute bronchitis 10,000 31,000

ower respiratory symptoms 110,000 220,000
pper respiratory symptomsin asthmatic children 92,000 430,000
pchool absence days (children, age 6-11)

Adults, 18-64

Premature mortality® -

Base estimate: Long-term exposure
Alternative estimate: Short-term exposure

hronic bronchitis

on-fatal myocardial infarctions

ospital admissions— Cardiovascular®

ospital admissions— Respiratory®

ork lossdays

inor restricted activity days

A dults, 65 and older

emature mortality® -
Base estimate: Long-term exposure
Alternative estimate: Short-term exposure

hronic Bronchitis
on-fatal Myocardid Infarctions

ospital Admissions- Cardiovascular Causes

ospital Admissions— Respiratory Causes
A Incidences are rounded to two significant digits.
B Premature mortality associated with ozone is not separately included in this analysis
€ Respiratory hospital admissions for children include ICD codes 493, 464.4, 466, and 480-486).
P Cardiovascular hospital admissions for adults includes total cardiovascular and subcategories for ischemic heart
disease, dysrhythmias, and heart failure.

E Respiratory hospital admissions for adults include admissions for al respiratory causes and subcategories for
COPD and pneumonia, and asthma.
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Table 9A-33.
Reductionsin I ncidence of Respirator mptomsin the Asthmatic Population

Pollutant Avoided Incidence - Study Avoided Incidence - Total
Population Only (cases/year) Age Group Population
(caseslyear)

A sthma Attack Indicators®

ndpoint
Study population)

Shortness of Breath
African American
hsthmatics, 8-13)

Ostro et al.
(2001)

10,000

30,000

ough
African American
hsthmatics, 8-13)

Ostro et al.
(2001)

heeze
African American
hsthmatics, 8-13)

Ostro et al.
(2001)

A\ sthma Exacerbation
one or more

5ymptoms

(Asthmatics, 5-13)

Yuet a. (2000)

530,000

950,000

ough
Asthmatics, 6-13)

Veda et dl.
(1998)

240,000

490,000

Dther symptomg/illness endpoints

pper Respiratory

Asthmatics 9-11)

Pope et al. (1991)

92,000

120,000

660,000

oderate or Worse

Ostro et al.
(1991)

121,000

121,000

McConnédll et al.
(1999)

4,700

11,000

McConnéll et al.
(1999)

12,000

27,000

Whittemore and

Korn (1980)

160,000

160,000

A Note that these are not necessarily independent symptoms. Combinations of these symptoms may occur in the
same individuals, so that the sum of the avoided incidences is not necessarily equal to the sum of the affected
populations. Also, some studies cover the same or similar endpoints in overlapping populations. For example, the
Vea et a (1998) and Ostro et a (2000) studies both examine cough. The Ostro et al (2000) estimate examines a more
restricted population than Veal et a (1998), so estimates should be combined with caution.

9A.5 Discussion
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Thisandyss has estimated the hedth and welfare benefits of reductions in ambient concentrations of
particulate matter resulting from reduced emissons of NOX, SO,, VOC, and diesel PM from nonroad
diesdl engines. The result suggests there will be significant hedlth and welfare benefits arising from the
regulation of emissons from nonroad enginesin the U.S. Our estimate that 11,000 premature
mortalities would be avoided in 2030, when emission reductions from the reguletion are fully redlized,
provides additiona evidence of the important role that pollution from the nonroad sector playsin the
public hedlth impacts of ar pollution.

We provide sengtivity analysesin Appendix 9B to examine key modding assumptions. In addition,
there are other uncertainties that we could not quantify, such as the importance of unquantified effects
and uncertainties in the modeling of ambient air quality. Inherent in any analys's of future regulatory
programs are uncertainties in projecting atmaospheric conditions, source-level emissons, and engine use
hours, as well as population, health basdlines, incomes, technology, and other factors. The assumptions
used to capture these elements are reasonable based on the available evidence. However, data
limitations prevent an overdl quantitative estimate of the uncertainty associated with estimates of totdl
economic bendfits. If oneis mindful of these limitations, the magnitude of the benefit estimates
presented here can be useful information in expanding the understanding of the public health impacts of
reducing air pollution from nonroad engines.

The U.S. EPA will continue to evauate new methods and models and select those most appropriate
for the estimation the health benefits of reductionsin air pollution. It isimportant to continue improving
benefits tranfer methods in terms of transferring economic vaues and transferring estimated C-R
functions. The development of both better models of current health outcomes and new models for
additiona hedth effects such as asthma and high blood pressure will be essentia to future improvements
in the accuracy and reliability of benefits andyses (Guo et d., 1999; Ibad-Mulli et d., 2001).

Enhanced collaboration between air quaity modeers, epidemiologists, and economists should result in
amore tightly integrated anaytical framework for measuring hedlth benefits of air pollution policies. The
Agency welcomes comments on how we can improve the quantification and monetization of heath and
welfare effects and on methods for characterizing uncertainty in our estimates.
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The Base Estimate is based on our current interpretation of the scientific and economic literature; its
judgments regarding the best available data, models, and modeling methodol ogies; and the assumptions
it consders most gppropriate to adopt in the face of important uncertainties.  The mgority of the
anaytical assumptions used to develop the Base Estimate have been reviewed and approved by EPA's
Science Advisory Board (SAB). However, we recognize that data and modeling limitations aswell as
samplifying assumptions can introduce significant uncertainty into the benefit results and that reasonable
dternative assumptions exist for some inputs to the analysis, such as the mortdity C-R functions.

To address these concerns, we supplement our Base Estimate of benefits with a series of sengitivity
caculations that make use of other sources of concentration-response and vauation data for key
benefits categories. These sengtivity calculations are conducted relative to the Base Estimate and not
for the Alternative Edimate. The sengtivity estimates can be used to answer questions like “What
would total benefits be if we were to vaue avoided incidences of premature mortdity using the age-
dependent VSL rather than the age-independent VSL gpproach?’ These estimates examine senditivity
to both vauation issues (e.g. the correct value for adatisticd life saved) and for physical effects issues
(e.g., possible recovery from chronic ilinesses). These estimates are not meant to be comprehensive.
Rether, they reflect some of the key issues identified by EPA or commentors aslikely to have a
sgnificant impact on total benefits. Individua adjustmentsin the table should not be added together
without addressing potentia issues of overlgp and low joint probability among the endpoints.
Additionad sengtivity estimates are provided in the benefits TSD (Abt Associates, 2003).

9B.1 Premature Mortality—L ong term exposure

Arguably, reduction in the risk of premature mortdity is the most important PM-related hedlth
outcome in terms of public hedth significance and contribution to dollar benefits. There are four
important analytica assumptions that may sgnificantly impact the estimates of the number and valuation
of avoided premature mortaities. These include sdlection of the C-R function, structure of the lag
between reduced exposure and reduced mortality risk, the relationship between ageand VSL, and
effect thresholds. Results of this set of sengtivity andyses are presented in Table 9B.1.

9B.1.1 Alternative C-R Functions

Although we used the Krewski, et d. (2000) mean-based ("PM2.5(DC), All Causes') model
exclusvely to derive our Base Estimate of avoided premature mortdity, this andyss dso examined the
sengtivity of the benefit results to the seection of dternative C-R functions for premature mortdity. We
used two sources of dternative C-R functions for this sengtivity andysis: (1) an extended andysis of the
American Cancer Society data, reported in Table 2 of Pope et d. (2002); and (2) the Krewski et al.
"Harvard Six Cities' estimate. The Pope et d (2002) analys's provides estimates of the relative risk for
al-cause, cardiopulmonary, and lung cancer mortality, using alonger followup period reative to the
origina data examined in Krewski et a (2000). The SAB has noted that "the [Harvard Six Cities]
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study had better monitoring with less measurement error than did most other studies’
(EPA-SAB-COUNCIL-ADV-99-012, 1999). However, the Krewski-Harvard Six Cities study had
amore limited geographic scope (and a smaler sudy population) than the Krewski-ACS study. The
demographics of the ACS study population, i.e., largely white and middle-class, may aso produce a
downward bias in the estimated PM mortaity coefficient, because short-term studies indicate that the
effects of PM tend to be significantly grester among groups of lower socioeconomic status. The
Krewski-Harvard Six Cities study also covered a broader age category (25 and older compared to 30
and older in the ACS study) and followed the cohort for alonger period (15 years compared to 8 years
inthe ACS dudy). The HEI commentary notes thet “the inherent limitations of using only six cities,
understood by the origind investigators, should be taken into account when interpreting the results of
the Six Cities Study.” We emphasize, that based on our understanding of the relative merits of the two
datasets, the Krewski, et a. (2000) ACS model based on mean PM, 5 levelsin 63 citiesis the most
appropriate modd for anayzing the premature mortality impacts of the nonroad standards. It isthus
used for our primary estimate of this important heglth effect. In addition to these dternative C-R
functions, a broader set of dternative mortdity C-R functionsis examined in the benefits TSD (Abt
Associates, 2003).

9B.1.2 Alternative Lag Structures

As noted by the SAB (EPA-SAB-COUNCIL-ADV-00-001, 1999), “some of the mortality
effects of cumulative exposures will occur over short periods of time in individuals with compromised
hedlth status, but other effects are likely to occur among individuals who, at basdline, have reasonably
good hedlth that will deteriorate because of continued exposure. No anima models have yet been
developed to quantify these cumulative effects, nor are there epidemiol ogic sudies bearing on this
question.” However, they aso note that “ Although there is substantia evidence that a portion of the
mortality effect of PM is manifest within a short period of time, i.e., less than one year, it can be argued
that, if no alag assumption is made, the entire mortaity excess observed in the cohort studies will be
andyzed as immediate effects, and thiswill result in an overesimate of the hedth benefits of improved
ar qudity. Thus sometime lag is gppropriate for distributing the cumulative mortdity effect of PM in the
population.” In the primary analysis, based on SAB advice, we assume that mortality occurs over afive
year period, with 25 percent of the desths occurring in the first year, 25 percent in the second year, and
16.7 percent in each of the third, fourth, and fifth years. Readers should note that the sdlection of a5
year lag is not supported by any scientific literature on PM-related mortdity. Reather it isintended to be
abest guess at the appropriate distribution of avoided incidences of PM-related mortality.

Although the SAB recommended the five-year digtributed lag be used for the primary analyss, the
SAB has dso recommended that dternative lag structures be explored as a sensitivity andyss (EPA-
SAB-COUNCIL-ADV-00-001, 1999). Specificaly, they recommended an analysis of 0, 8, and 15
year lags. The O year lag is representative of EPA’s assumption in previous RIAs. The 8 and 15 year
lags are based on the study periods from the Pope, et d. (1995) and Dockery, et d. (1993) studies,
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respectively®. However, neither the Pope, et a. or Dockery, et d studies assumed any lag structure
when estimating the relative risks from PM exposure. In fact, the Pope, et d. and Dockery, et d.
studies do not contain any data either supporting or refuting the existence of alag. Therefore, any lag
structure applied to the avoided incidences estimated from ether of these sudies will be an assumed
dructure. The 8 and 15 year lagsimplicitly assume that al premature mortalities occur at the end of the
study periods, i.e. a 8 and 15 years. It isimportant to keep in mind that changesin the lag assumptions
do not change the total number of estimated desths, but rather the timing of those deaths.

The estimated impacts of dternative lag structures on the monetary benefits associated with
reductionsin PM-related premature mortaity (estimated with the Krewski et d ACS C-R function) are
presented in Table 9B.2. These estimates are based on the value of Statistical lives saved approach, i.e.
$6 million per incidence, and are presented for both a3 and 7 percent discount rate over the lag
period. Even with an extreme lag assumption of 15 years, benefits are reduced by less than half reletive
to the no lag and primary (5-year distributed lag) benefit estimates.

9B.1.3 Ageand VSL

The relationship between age and willingness to pay for mortality risk reductions has been the
subject of much research over the past severd years. Recent research in the U.S. has not found a
sgnificant reduction in WTP for risk reductions in older populations (Smith et a. 2002; Alberini et d.,
2002; Schultze, 2002). Studies outside of the U.S. have found a signficant reduction in WTP for older
individuas, ranging from 10 percent (Jones-Lee, 1993) to around 35 percent (Alberini et a. 2002) for
a 70 year old, relative to a40 year old. Around 80 percent of the deaths projected to be avoided
from reduced exposure to PM in 2020 and 2030 are in populations over 65. As such, the assumption
that populations of al ages have the same VSL can have a significant impact on the total benefits. For
this sengitivity andys's, the method we use to account for age differencesis to adjust the base $6.1
million VSL based onratios of VSL’sfor specific agesto the VSL for a40 year old individud. There
are severa potential sources for these ratios. Two Jones-Lee studies to provide evidence of strong and
week age effects on WTP for mortdity risk reductions. The ratios based on Jones-Lee (1989), as
summarized in U.S. EPA (2000), suggest a steep inverted U shape between age and VSL, with the
VSL for a70 year old at 63 percent of that for a40 year old, and the VSL for an 85 year old at 7
percent of that for 40 year old. The ratios based on Jones-Lee (1993) and summarized in U.S. EPA
(2000), suggest a much flatter inverted U shape, with the VSL for a 70 year old at 92 percent of that
for a40 year old, and the VSL for an 85 year old at 82 percent of that for a 40 year old. Recent
analyses conducted in Canada and the U.S. by Krupnick et a. (2000a, 2000b) found mixed results.
The Canadian analysis found around a 35 percent reduction in VSL for respondents over age 70, but
the U.S. andyss found no significant differencesin VSL across ages. The wide range of age-

PD A |though these studies were conducted for 8 and 15 years, respectively, the choice of the duration of the
study by the authors was not likely due to observations of alag in effects, but is more likely due to the expense of
conducting long-term exposure studies or the amount of satisfactory data that could be collected during thistime
period.
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adjusment ratios, epecialy at older ages demondrates the difficulty in making these kinds of
adjustments. We sdlect the recent Krupnick et d results for Canada as the basis for calculating age-
gpecific VSL, because it uses state of the art stated preference methods and reflects more current
preferences. We note that our Base estimate is the most consistent with current evidence on U.S.
preferences for risk reduction in older populations. To caculate benefits using the age-adjusted VL,
we firg caculate the number of avoided premature mortditiesin each age category, and then gpply the
age adjusted VSL to the appropriate incidences in each age category™.

9B.1.4 Thresholds

Although the consstent advice from EPA's Science Advisory Board has been to modd premature
mortality associated with PM exposure as a non-threshold effect, that is, with harmful effectsto
exposed populations regardless of the absolute level of ambient PM concentrations, some analysts have
hypothesized the presence of athreshold relationship. The nature of the hypothesized rlaionship is
that there might exist aPM concentration level below which further reductions no longer yield
premature mortality reduction benefits. EPA does not necessarily endorse any particular threshold and,
asdiscussed in section 9A, virtualy every study to consider the issue indicates absence of athreshold.
Nonethdess, the sengitivity analysisillustrates how our estimates of the number of premature mortdities
in the Base Estimate might change under arange of dternative assumptions for a PM mortdity
threshold. If, for example, there were no benefits of reducing PM concentrations below the PM, 5
standard of 15 - g/m3, our estimate of the total number of avoided PM-rated premature mortditiesin
2030 would be reduced by approximately 70 percent, from gpproximately 11,000 annudly to
approximately 3,200 annudly. However, thistype of cutoff is unlikely, as supported by the recent
NRC report, which stated that “for pollutants such as PM 10 and PM2.5, there is no evidence for any
departure of linearity in the observed range of exposure, nor any indiciation of athreshold. (NRC,
2002)”

One important assumption that we adopted for the threshold sengitivity analysisistha no
adjustments are made to the shape of the C-R function above the assumed threshold. Instead,
thresholds were gpplied by smply assuming that any changes in ambient concentrations below the
assumed threshold have no impacts on the incidence of premature mortdity. If there were actudly a
threshold, then the shape of the C-R function would likely change and there would be no hedth benefits
to reductionsin PM below the threshold. However, as noted by the NRC, “the assumption of a zero
dope over aportion of the curve will force the dope in the remaining segment of the positively doped
concentration-response function to be greater than was indicated in the original study” and that “the
generation of the stegper dope in the remaining portion of the concentration-response function may fully
offset the effect of assuming athreshold.” The NRC suggested that the trestment of thresholds should
be evauated in aformd uncertainty andyss. Asnoted in earlier sections, EPA isdeveloping aforma

EE The age categories and lower and upper end estimated age-adjustment ratios are: 30-39 (0.89, 0.98), 40-59 (1.0,
1.0), 60-69 (0.86, 0.97), 70-79 (0.63, 0.92), 80-84 (0.28, 0.85), 85+ (0.07, 0.82).
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uncertainty analyss processs which we intend to at least partialy implement for the andysis of the find
rule.

Table 9B-1.
Sensitivity of Estimatesto Alter native Assumptions Regar ding Quantification of Mortality
Benefits

Avoided Incidences® Value (million 2000%$)®

Description of Sensitivity Analysis

2020

2030

2020

2030

Alternative Concentration-Response Functions for PM-related Premature Mortality

Pope/ACS Study (2002)
All Cause
Lung Cancer

Cardiopulmonary

740

4,000

9,500
1,300

7,200

$74,000
$9,900

$55,000

Krewski/Harvard Six-city Study

18,000

32,000

$240,000

Alternative Lag Structures for PM-related Premature Mortality (3% discount rate)

None Incidences all occur in the first year

6,200

$89,000

8-year Incidences all occur in the 8" year

6,200

$72,000

15-year Incidences all occur in the 15" year

6,200

$59,000

Alternative Mortality Risk Valuation Based on Age Specific VSL

VSL applied to statistical deaths avoided in
populations 70 and over equal to 65% of VSL for
avoided deaths in populations under 70

$63,000

Alternative Thresholds

No Threshold (base estimate)

$85,000

5

$85,000

10

$72,000

15

$25,000

20

$8,000

25

A Incidences rounded to two significant digits.
8 Dollar values rounded to two significant digits.

The results of these sengitivity andys's demondrate that choice of C-R function can have alarge

$3,300

impact on benefits, potentialy doubling the effect estimateif the C-R function is derived from the HEI
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reandysis of the Harvard Six-cities data (Krewski et d., 2000). Due to discounting of delayed
benefits, the lag structure may aso have alarge impact on monetized benefits, reducing benefits by 30
percent if an extreme assumption that no effects occur until after 15 yearsis gpplied. If nolagis
assumed, benefits are increased by around five percent. The threshold andlysis indicates that
approximately 80 percent of the premature mortdity related benefits are due to changesin PM, 5
concentrations occurring above 10 - g/m?, and around 20 percent are due to changes above 15 - g/n?,
the current PM,, 5 standard.

9B.2 Other Health Endpoint Sensitivity Analyses

9B.2.1 Overlapping Endpoints

In Appendix 9A, we estimated the benefits of the modded preliminary control options using the
most comprehensive set of endpoints available. For some hedlth endpoints, this meant usng a
concentration-response (C-R) function that linked alarger set of effects to achangein pollution, rather
than using C-R functions for individud effects. For example, for premature mortdity, we sdlected a C-
R function that captured reductions in incidences due to long-term exposures to ambient concentrations
of particulate matter, assuming that most incidences of mortality associated with short-term exposures
would be captured. In addition, the long-term exposure premature mortality C-R function for PM., 5 is
expected to capture at least some of the mortdity effects associated with exposure to ozone.

In order to provide the reader with afuller understanding of the hedlth effects associated with
reductionsin air pollution associated with the preliminary control options, this set of sengtivity estimates
examines those hedth effects which, if included in the primary estimate, could result in double-counting
of benefits. For some endpoints, such as ozone mortdity, additional research is needed to provide
separate estimates of the effects for different pollutants, i.e. PM and ozone. These supplemental
estimates should not be consdered as additive to the total estimate of benefits, but illustrative of these
issues and uncertainties. Sengtivity estimates included in this appendix include premature mortality
associated with short-term exposures to ozone, and acute respiratory symptoms in adults. Results of
this set of sengtivity andyses are presented in Table 9B.2.

The benefit estimates presented in the Alternative estimate in Tables 9A-30 and 9A-31 of
Appendix 9A do not capture any additiona short-term mortality impacts related to changes in exposure
to ambient ozone. A recent andysis by Thurston and Ito (2001) reviewed previoudy published time
series studies of the effect of daily ozone levels on daily mortdity and found that previous EPA
estimates of the short-term mortality benefits of the ozone NAAQS (U.S. EPA, 1997) may have been
underestimated by up to afactor of two. The authors hypothesized that much of the variagbility in
published estimates of the ozone/mortdity effect could be explained by how well each model controlled
for the influence of weether, an important confounder of the ozone/mortality effect, and that earlier
studies using less sophisticated approaches to controlling for weather consistently under-predicted the
ozone/mortality effect. They found that models incorporating a non-linear temperature specification
appropriate for the "U-shaped" nature of the temperature/mortdity relationship (i.e., increased desths at
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both very low and very high temperatures) produced ozone/mortdlity effect estimates that were both
more strongly postive (atwo percent increase in relaive risk over the pooled estimate for al studies
evauated) and consgently satisticaly sgnificant. Further accounting for the interaction effects
between temperature and relative humidity produced even more strongly positive results. Inclusion of a
PM index to contral for PM/mortality effects had little effect on these results, suggesting an
ozone/mortality relationship independent of that for PM. However, mogt of the studies examined by Ito
and Thurston only controlled for PM, or broader measures of particles and did not directly control for
PM,,s. As such, there may il be potentid for confounding of PM,, 5 and ozone mortality effects, as
ozone and PM,, 5 are highly corrdlated during summer monthsin some aress.  In its September 2001
advisory on the draft analytical blueprint for the second Section 812 prospective anayss, the SAB
cited the Thurston and Ito study as a Sgnificant advance in understanding the effects of ozone on daily
mortality and recommended re-evauation of the ozone mortdity endpoint for inclusion in the next
prospective study (EPA-SAB-COUNCIL-ADV-01-004, 2001). Thus, recent evidence suggests that
by not including an estimate of reductions in short-term mortality due to changes in ambient ozone, both
the Base and Alternative Estimates may underestimate the benefits of implementation of the Nonroad
Died Enginerule.

There are many studies of the relationship between ambient ozone levels and daily mortality
levels. The ozone mortdity sensitivity estimateis caculated using results from only four U.S. sudies
(Ito and Thurston, 1996; Kinney et d., 1995; Moolgavkar et al., 1995; and Samet et d., 1997), based
on the assumption that demographic and environmenta conditions on average would be more smilar
between these studies and the conditions prevailing when the nonroad standards are implemented.
However, the full body of peer-reviewed ozone mortdity studies should be considered when evauating
the weight of evidence regarding the presence of an association between ambient ozone concentrations
and premature mortality. We combined these sudies using probabilistic sampling methods to estimate
the impact of ozone on mortality incidence. The technica support document for this analysis provides
additiond details of this gpproach (Abt Associates, 2003). The estimated incidences of short-term
premature mortdity are vaued using the vaue of gatistica lives saved method, as described in
Appendix 9A.
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Table 9B-2.
Senditivity Estimates for Potentially Overlapping Endpoints®

Description of Sensitivity Analysis Avoided Incidences Monetized Value
(Million 20003$)

2020 2030 2020 2030

Mortality from Short-term Ozone Exposure®

Ito and Thurston (1996) 440

Kinney et al. (1995) 0

Moolgavkar et a. (1995) 7

Samet et dl. (1997)

Pooled estimate (random effects weights) 94

Any of 19 Acute Respiratory Symptoms, Adults 18-64 (Krupnick et al. 1990)

1,500,000 2,800,000

14,000,000 19,000,000

A All estimates rounded to two significant digits.
B Mortality valued using Base estimate of $6.3 million per premature statistical death, adjusted for income growth.

9B.2.2 Alternative and Supplementary Estimates

We ds0 examine how the value for individua endpoints or total benefits would change if we
were to make a different assumption about specific dements of the benefits analyss. Specificaly, in
Table 9B.3, we show theimpact of aternative assumptions about other parameters, including infant
mortality associated with exposure to PM, treatment of reversals in chronic bronchitis as lowest severity
cases, effects of ozone on new incidences of chronic asthma, dternative C-R function for chronic
bronchitis, dternative C-R functions for PM hospitd and ER admissions, vauation of resdentid
vighility, vauation of recreationd vishility a Class| areas outsde of the study regions examined in the
Chestnut and Rowe (1990a, 1990b) study, and vauation of household soiling damages.
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Alternative Calculation

Infant Mortality

Table 9B-3.

Additional Parameter Sensitivity Analyses

Description of Estimate

Avoided incidences of mortality in infants
are estimated using the Woodruff et al
(1997) C-R function. The number of
avoided incidences of infant mortality is 35
in 2020 and 52 in 2030

Impact on Base Benefit Estimate
(million 2000%)

+$270 (+0.5%) +$400 (+0.4%)

Chronic Asthma

Avoided incidences of chronic asthmaare
estimated using the McDonnell, et al.
(1999) C-R function. The number of
avoided incidences of chronic asthmais
1,200 in 2020 and 2,400 in 2030

+$36 (+0.1%) +$74 (+0.1%)

Reversalsin
chronic bronchitis
treated as lowest
severity cases

Instead of omitting cases of chronic
bronchitis that reverse after a period of

time, they are treated as being cases with
the lowest severity rating. The number of
avoided chronic bronchitisincidencesin
2020 increases from 4,300 to 8,000 (87%).
Theincreasein 2030 is from 6,500 to 12,000
(87%).

+$730 (+1.4%) +$1,100 (+1.29%)

Value of visihility
changesinall
Class| areas

Values of visibility changes at Class |
areasin California, the Southwest, and the
Southeast are transferred to visibility
changesin Class | areasin other regions of
the country.

+$640 (+1.2%) +$970 (+1.1%)

Value of visibility
changesin Eastern
U.S. residential
aress

Value of visibility changes outside of
Class| areas are estimated for the Eastern
U.S. based on the reported values for
Chicago and Atlantafrom McClelland et al.
(1990).

+$700 (+1.3%) +$1,100 (+1.1%)

Value of visihility
changesin
Western U.S.
residential areas

Value of visibility changes outside of
Class| areas are estimated for the Western
U.S. based on the reported values for
Chicago and Atlantafrom McClelland et al.
(1990).

+$530 (+1.0%) +$830 (+0.9%)

Household soiling
damage

Value of decreases in expenditures on
cleaning are estimated using values
derived from Manuel, et al. (1983).

+$170 (+0.3%)

+$260 (+0.3%)

The estimated effect of PM exposure on premature mortdity in post neo-natal infants (row 1 of
Table 9B.3) isbased on asingle U.S. study (Woodruff et a.,1997) which, on SAB advice, was
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deemed too uncertain to include in the primary andyss. Adding this endpoint to the primary benefits
edimate would result in an increase in totd benefits. The infant mortdity estimate indicates that
excluson of this endpoint does not have alarge relaive impact, elther in terms of incidences (35in
2020 and 52 in 2030) or monetary value (approximately $270 million in 2020 and $400 millionin
2030).

The dternative cdculation for the development of chronic asthma (row 2 of Table 9B.3) is
estimated using a recent sudy by McDonnell, et d. (1999) which found a statistical association
between ozone and the development of asthmain adult white, non-Hispanic males. Other sudies have
not identified an association between air quality and the onset of asthma. Chronic asthmais
characterized by repested incidences of inflammation of the lungs. This causes rediriction in the airways
and results in shortness of breath, wheezing, and coughing. Asthmais adso characterized by airway

hyper responsiveness to stimuli.

The McDonndl, et a. study is a progpective cohort analys's, measuring the association between
long-term exposure to ambient concentrations of ozone and development of chronic asthmain adults.
The study found a gatiticaly significant effect for adult males, but none for adult femdes. EPA dso
believesit to be appropriate to apply the C-R function to al adult males over age 27 because no
evidence exigts to suggest that non-white adult males have alower responsiveness to air-pollution. For
other hedth effects such as shortness of breath, where the study population was limited to a specific
group potentialy more sengtive to air pollution than the genera population (Ostro et d., 1991), EPA
has applied the C-R function only to the limited population.

Some commentors have raised questions about the satistical validity of the associations found
in this study and the appropriateness of transferring the estimated C-R function from the study
populations (white, non-Higpanic maes) to other male populations (i.e. African-American males).
Some of these concernsinclude the following: 1) no sgnificant association was observed for femae
study participants aso exposed to ozone; 2) the estimated C-R function is based on a cross-sectional
comparison of ozone levels, rather than incorporating information on ozone levels over time; 3)
information on the accuracy of self-reported incidence of chronic asthmawas collected but not used in
estimating the C-R function; 4) the study may not be representative of the generd population because it
included only those individuas living 10 years or longer within 5 miles of their resdence a the time of
the study; and 5) the study had a significant number of study participants drop out, either through desth,
loss of contact, or failure to provide complete or consistent information. EPA believes that while these
issues may result in increased uncertainty about this effect, none can be identified with a specific
directiona biasin the estimates. In addition, the SAB reviewed the study and deemed it appropriate
for quantification of changes in ozone concentrations in benefits analyses (EPA-SAB-COUNCIL-
ADV-00-001, 1999). EPA recognizes the need for further investigation by the scientific community to
confirm the satistical association identified in the McDonnell, et d. study.

Following SAB advice (EPA-SAB-COUNCIL-ADV-00-001, 1999) and consistent with the
Section 812 Prospective Report, we quantify this endpoint for the RIA. However, it should be noted
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that it is not clear thet the intermittent, short-term, and rdlatively small changes in annud average ozone
concentrations resulting from this rule done are likely to measurably change long-term risks of asthma.

Similar to the vauation of chronic bronchitis, WTP to avoid chronic asthmais presented as the
net present value of what would potentially be a stream of costs and lower well-being incurred over a
lifetime. Estimates of WTP to avoid asthma are provided in two studies, one by Blumenschein and
Johannesson (1998) and one by O’ Conor and Blomquist (1997). Both studies use the contingent
vauation method to solicit annud WTP estimates from individuas who have been diagnosed as
aghmatics. The centrd estimate of lifetime WTP to avoid a case of chronic asthma among adult males,
approximately $25,000, is the average of the present discounted vaue from the two studies. Details of
the derivation of this central estimate from the two studies is provided in the benefits TSD for thisRIA
(Abt Associates, 2003).

Another important issue related to chronic conditionsis the possible reversd in chronic
bronchitis incidences (row 3 of Table 9B.3). Reversas are defined as those cases where an individua
reported having chronic bronchitis a the beginning of the study period but reported not having chronic
bronchitisin follow-up interviews at alaer point in the study period. Since, by definition, chronic
diseases are long-lasting or permanent, if the disease goes away it is not chronic. However, we have
not captured the benefits of reducing incidences of bronchitis that are somewhere in-between acute and
chronic. Oneway to addressthisisto treat reversas as cases of chronic bronchitisthat are at the
lowest severity level. These cases thus get the lowest value for chronic bronchitis.

The dternative caculation for recrestiona vishility (row 4 of Table 9B.3) is an edimate of the
full vaue of vighility in the entire region affected by the nonroad emisson reductions. The Chestnut and
Rowe study from which the primary va uation estimates are derived only examined WTP for vishility
changesin the southeastern portion of the affected region. In order to obtain estimates of WTP for
vighility changes in the northeastern and centra portion of the affected region, we have to transfer the
southeastern WTP vaues. Thisintroduces additiond uncertainty into the estimates. However, we have
taken steps to adjust the WTP vaues to account for the possibility that a visibility improvement in parks
in one region, is not necessarily the same environmenta quaity good as the same visihility improvement
a parksin adifferent region. Thismay be due to differencesin the scenic vistas at different parks,
uniqueness of the parks, or other factors, such as public familiarity with the park resource. To take this
potentid difference into account, we adjusted the WTP being transferred by the ratio of vigitor daysin
the two regions.

The dternative caculations for resdentia visihility (rows 5 and 6 of Table 9B.3) are based on
the McCleland, et d. sudy of WTP for vishility changesin Chicago and Atlanta. Asdiscussed in
Appendix 9A, SAB advised EPA that the residentid visibility estimates from the available literature are
inadequate for usein aprimary estimate in a benefit-cost andyss. However, EPA recognizes that
resdentid vighility islikely to have some vaue and the McCldland, et d. estimates are the most useful
in providing an esimate of the likely magnitude of the benefits of resdentid visbility improvements.
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The dternative cdculation for household soiling (row 7 of Table 9B.3) is based on the Manud,
et d. study of consumer expenditures on cleaning and household maintenance. This study has been
cited as being “the only study that measures welfare benefits in a manner consistent with economic
principas (Desvouges et d., 1998).” However, the data used to estimate household soiling damagesin
the Manud, et d. study are from a 1972 consumer expenditure survey and as such may not accurately
represent consumer preferencesin 2030. EPA recognizes this limitation, but believesthe Manuedl, et dl.
estimates are dill useful in providing an estimate of the likely magnitude of the benefits of reduced PM
household soiling.

9B.3 Income Elasticity of Willingness to Pay

Asdiscussed in Appendix 9A, our estimate of monetized benefits accounts for growth in regl
GDP per capita by adjusting the WTP for individua endpoints based on the central estimate of the
adjustment factor for each of the categories (minor hedth effects, severe and chronic hedlth effects,
premature mortality, and visibility). We examine how sengtive the estimate of totd benefitsisto
dternative estimates of theincome eadticities. Table 9B.4 ligts the ranges dadticity values used to
cd culate the income adjustement factors, while Table 9B.5 ligts the ranges of corresponding
adjusement factors. The results of this sengtivity analyss, giving the monetized benefit subtotas for the
four benefit categories, are presented in Table 9B.6.

Consgtent with the impact of mortdity on total benefits, the adjustment factor for mortality has
the largest impact on total benefits. The vaue of mortdity ranges from 81 percent to 150 percent of the
primary estimate based on the lower and upper sengitivity bounds on the income adjustment factor.

The effect on the value of minor and chronic health effects is much less pronounced, ranging from 93
percent to 111 percent of the primary estimate for minor effects and from 88 percent to 110 percent for
chronic effects.

Table 9B-4.
Ranges of Elasticity Values Used to Account for Projected Real Income Growth?

Benefit Categor L ower Sensitivity Bound Upper Sensitivity Bound

Minor Health Effect

Severe and Chronic Health Effects

Premature Mortality

Visibility®
A Derivation of these ranges can be found in Kleckner and Neumann (1999) and Chestnut (1997). Cost of IlIness

(COQlI) estimates are assigned an adjustment factor of 1.0.
& No range was applied for visibility because no ranges were available in the current published literature.
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Table 9B-5.
Ranges of Adjustment Factors Used to Account for Projected Real |ncome Growth*

Benefit Category

Lower Sensitivity Bound

Upper Sensitivity Bound

Minor Health Effect

Severe and Chronic
Health Effects

Premature Mortality

Visibility®
A Based on elasticity values reported in Table 9A-11, US Census population projections, and projections of real

gross domestic product per capita
& No range was applied for visibility because no ranges were available in the current published literature.

Table 9B-6.
Sensitivity Analysis of Alternative Income Elasticities®

L ower Sensitivity Bound Upper Sensitivity Bound
2020 2030 2020 2030

Benefit Category

Minor Health Effect

$1,400

$2,200

$1,400

$2,200

Severe and Chronic Health Effects
(base estimate)

$1,700

$2,600

$2,100

$3,300

Premature Mortality (base estimate)

$38,000

$67,000

$67,000

$130,000

Visibility and Other Welfare Effects®

$1,500

$2,400

$1,500

$2,400

Total Benefits

A All estimates rounded to two significant digits.

& No range was applied for visibility because no rangeswere availablein the current published literature.

$43,000

$75,000

$72,000

$130,000
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