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CHAPTER 1
EXECUTIVE SUMMARY

This Regulatory Impact Analysis (RIA) presents the health and welfare benefits,
costs, and other impacts of the Transport Rule focusing primarily on 2014.

1.1 Key Findings

The final Transport Rule wilbwer sulfur dioxide (Sg) and nitrogen oxide (NQ
emissionsomthe electric power industry 8 eastern statestarting in 2012 In 2014
this final rule will have annual benefits @D07) betweer$120 to $280 billion using a 3%
discount rate anfi110 and$250 billion using a 7% discount rate. Atese respective
discountrates, the annual social costs adeBdillion and the annual quantified net benefits
are $20to $80 billion or $110 to $70billion. The benefits outweigh social cofitsm
150 upto 350to 1, orfrom 110upto 335to 1. The benefiteesultprimarily from 13,000to
34,000fewer PMy s and ozongelated premature mortalities. There are some costs and
important benefits that EPA could not monetize. Upon considering these limitations arjd
uncertainties, it remains @ethat the benefits of the Transport Rule are substantial and far
outweigh the costs. The annualized private compliance costs to the power industry in 014
are $.8 billion. Employment impacts associated with fimal rule are estimated to be
small. The benefits of the Transport Rule in 2012 are greater than in 2014 due, in part, to the
final rule expediting emissions reductions that otherwise would have occurred in 2014.

The benefits and costs in 2014 of #etectedemedy &ir quality-assured tradg) in
the final rule are in Table-1. Thisseleced remedy covers the electric power industry and
allows inerstate emissions trading of sulfur dioxide ¢b&nd nitrogen oxides (NQin the
coveredstatesas listed in section 2.2 of this RIA

1 As finalized, the rule requires emission reductions in 27 states. EPA issued a supplemental proposal to
request comment on requiring ozeseason NOX reductions in additional states; including the states addressed
in the supplemental proposal, tti¢éal number of states covered by the Transport Rule would be 28.
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Table 1-1 . Summary of EPAG6s Estimates of Benef.i
Seleced Remedy in the Transport Rule in 201%(billions of 2007$)

Description Estimate Estimate
(3% Discount Rate) (7% Discount Rate)
Social costs $0.81 $0.81
Social benefis? $120 to $280 + B $110t0 $250 + B
Healthrelated benefits: $110 to $Z70 + B $100to $50 + B
Visibility benefits’ $4.1 $4.1
Net benefits (benefitsosts) $120 to $280 $110 to $250

All estimates are rounded to two significant digits and represent annualized benefits and costs anticipated for
theyear2014For notati onal purposes, unquantified benefit
of additional monetarpenefits and disbenefits. Data limitations prevented us from quantifying these

endpoints, and as such, these benefits are inherently more uncertain than those benefits that we were able to
quantify. A listing of health and welfare effects is provided ibl&d-5. Estimates here are subject to

uncertainties discussed further in the body of the document.

Social costs are estimated using the MultiMarket model, the model employed by EPA in this RIA to estimate
economic impacts of the industries outside the electric power sector. This model does not estimate indirect
impacts associated with a regulation sastthis one. Details on the social cost estimates can be found in
Chapter 8 and AppendR of this RIA.

The reduction in premature mortalities account for over 90% of total monetized benefits. Benefit estimates
are national except for visibility thabeers Class | areas. Valuation assumes discounting over the SAB
recommended 2@ear segmented lag structure described in Chapter 5. Results reflect 3 percent and 7
percent discount rates consistent with EPA and OMB guidelines for preparing economiesafidgs

EPA, 2010; OMB, 2003). The estimate of social benefits also includese@@d benefits calculated using

the social cost of carbon, discussed furtheChapter 5.

Potential benefit categories that have not been quantified and monetizistedran|Table 5.
Over 99% of visibilityrelated benefits occur within Clagsareas located in the Eastern U.S.

1.1.1 Health Benefits

The final Transport Rule is expected to yield signifidaedlth benefits by reducing
emissions of two key contributors to fine particle and ozone formation. Sulfur dioxide
contributes to the formation of fine particle pollution (P4 and nitrogen oxide contributes
to the formation of both Pp4 and grouneevel ozone.

Our analyses suggest this would yield benefits in 201420 & $280 billion (based
on a 3 percent discount rate) arid $to $50 billion (based on a 7 percent discount yate
The estimated benefits of this rule are substantial, particwdudy viewed within the
context of the total public health burden of PMnd ozone air pollution. A recent EPA
analysis estimated that 2005 levels of Rnd ozone were responsible for between 130,000
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and 320,000 PM2:Eelated and 4,700 ozoielated pemature deaths, or about 6.1% of total
deathgbased on the lower end of the avoided mortality rafrga) all causes in the
continental U.S. (Fann et al. 2011). This same analysis attributed almost 200,&@€hon
heart attacks, 90,000 hospital adnossi due to respiratory or cardiovascular illness and 2.5
million cases of aggravated asthma among childa@mong many other impacts. We
estimate the Transport Rule to reduce the number ofsP8lated premature deaths in 2014
by between 3,000 and 3,000 15,000 nonfatal heart attacks®,700 fewer hospital
admissions and00,000 fewer cases of aggravated asthma. By 2014, in combination with
other federal and state air quality actions, the Transport Rule will address a substantial
fraction of the total pblic health burden of Pl and ozone air pollutiorHowever, the
benefits and costs reported in this RIA reflect only the incremental costs and benefits of the
Transport Rule.

We also estimate substantial additional health improvements for children from
reductions in upper and lower respiratory illnesses, acute bronchitis, and asthma attacks. See
Table 12 for a list of the annual reduction in health effects expected in 2014 and Table 1
for the estimated value of those reductions. In these tablesmvaasize the benefits
according to whether they accrue within or beyond the Transport region (Eastern part of the
US covered by the final rule). While not analyzed here, we expect the benefits ifiiz012
first compliance year for this final rul&) be gnificantly larger than those modeled for
2014 because of the much greater incrementalr&gctions in 2012 compared to 2014
from the base case. This occurs because the final rule expedige®pt®nof SO
emissions controls that are planned inlithee case to occur after 2012 and be underway by
2014.



Table 1-2: Estimated Reduction in Incidence of Adverse Health Effects of thBelected
remedy (95% confidence intervals)

Beyond transport

Health Effect Within transport region region Total
PM-Related endpoints
Premature Mortality
13,000 33 13,000
Pope et al. (2002) (age >30 (5,200 21,000) (55 60) (5,208 21,000)
Laden et al. (2006) (age 34,000 84 34,000
>25) (18,00® 49,000) (318 140) (18,00® 49,000)
59 0.15 59
Infant (< 1 year) (-475 160) (-0.2 0.5) (-475 160)
Chronic Bronchitis 8,700 23 £ 700
(1,60 16,000) (-50 50) (1,60 16,000)
15,000 40 15,000
Nonfatal heart attacks (age > 18) (5,608 24,000) (78 72) (5,608 24,000)
Hospital admissiors respiratory 2,700 5 2,700
(all ages) (1,30 4,000) (20 9) (1,30 4,000)
Hospital admissiorés cardiovascular 5,700 15 5,800
(age > 18) (4,200 6,600) (108 19) (4,200 6,600)
Emergency room visits for asthma 9,800 21 9,800
(age < 18) (5,80 14,000) (76 36) (5,80 14,000)
Acute bronchitis 19,000 50 19,000
(age 812) (-63m 37,000) (-299 130) (-660 37,000)
Lower respiratory symptoms (ageld) 240,000 630 X000
piratory symp 9 (120,00@ 360,000) (1305 1,100) (120,00@ 360,000)
Upper respiratory symptoms 180,000 480 180,000
(asthmatics age-28) (57,00® 310,000) (-250 980) (57,00® 310,000)
Asthma exacerbation 400,000 1,100 400,000
(asthmatics 8.8) (45,00® 1,100,000) (-250 2,900) (45,00® 1,100,000)
Lost work days 1,700,000 4,300 1,700,000
(ages 185) (1,500,000 1,900,000) (3,50 5,200) (1,500,000 1,900,000)
Minor restrictedactivity days 10,000,000 26,000 10,000,000
(ages 185) (8,400,000 11,000,000) (20,00® 32,000) (8,400,00@ 12,000,000)




Ozonerelated endpoints

Premature mortality

27 0.1 27
%U 2 Bell et al. (2004) (all ages) (113 42) (0.013 0.3) (115 42)
= 5 % Schwartz et al. (2005) 41 0.2 41
§ % (all ages) (178 64) (0.15 0.4) (178 65)
Huang et al. (2005) 37 0.2 37
(all ages) (178 57) (0.15 0.4) (170 57)
120 0.6 120
§ Ito et al. (2005) (all ages) (783 160) 0.3 0.9) (795 160)
>
S
c 87 0.5 87
g Bell et al. (2005) (all ages) (485 130) (0.25 0.8) (483 130)
3]
= 120 0.7 120
Levy et al. (2005) (all ages) (89 150) (0.43 0.9) (905 160)
Hospital admissiors respiratory 160 1.2 160
causes (ages > 65) (216 280) (0.15 2.3) (216 290)
Hospitaladmissiond respiratory 83 0.5 84
causes (ages <2) (430 120) (0.25 0.8) (433 120)
Emergency room visits for asthma (all 86 0.4 86
ages) (-26 260) (-0.25 1.4) (-26 260)
Minor restrictedactivity days (ages 18 160,000 910 160,000
65) (80,00® 240,000) (24® 1,600) (80,00® 240,000)
School absence days 51,000 290 L0
(22,00® 73,000) (59 490) (22,00® 74,000)

A Estimates rounded to two significant figures; column values will not sum to total value.
B The negative estimates for certain endpoints are the reshik wfeak statistical power of the study used to calculate these heall
impacts and do not suggest that increases in air pollution exposure result in decreased health impacts.



Table 1-3: Estimated Economic Value of Health and Welfare Benefits (95%onfidence
intervals, billions of 2007$4®

Within transport Beyond transport
Health Effect Pollutant region region” Total

Premature Mortality (Pope et al. 2002 PM mortality and Bell et al. 2004 ozone mortalit
estimates)

. $100 $0.3 $100

3% discount rate PMz5& Os ($8.3 $320) ($0.0 $0.9) ($8.3 $320)
. $94 $0.2 $94

7% discount rate PM5& Os ($7.5 $280) ($0.0% $0.8) ($7.5 $290)

Premature Mortality (Laden et al. 2006 PM mortality and Levy et al. 2005 o0zone morte
estimates)

. $270 $0.7 $270

3% discount rate PMzs& Os ($23 $770) ($0.055 $2) ($23 $770)

. $240 $0.6 $240

7% discount rate PMs& Os ($215 $700) ($0.05 $1.8) ($215 $700)

. -, $4.2 $0.01 $4.2
Chronic Bronchitis PM: s ($0.2 $19) ($-0.003-$0.06) ($0.2 $19)
Non-fatal heart attacks
: $1.7 $0.004 $1.7
3% discount rate PM: s ($0.3 $4.2) ($0.00® $0.01) ($0.3 $4.2)
. $1.3 $0.004 $1.3
0,

7% discount rate PM: s ($0.3 $3.1) ($0.003 $0.001)  ($0.3 $3.1)
Hospital admissioris PM, <& O $0.04 $0.04
respiratory 257 M3 ($0.0 $0.06) ($0.0 $0.06)
Hospital admissioris PM $0.09 $0.09
cardiovascular 25 ($0.0B $0.2) ($0.0 $0.2)
Emergency room visits PV, & O $0.003 ($%06%§’
for asthma 25% M3 ($0.00D $0.006) 0 006)

$0.008
. $0.008
Acute bronchitis PM, 5 (<$-0.016
(<$-0.015 $0.02f $0.02
Lower respiratory PM $0.004 ($$00(')%%§
symptoms 25 ($0.002 $0.009) $d.009)
Upper respiratory PM $0.005 ( <$$%%0§
symptoms 25 (<$0.0B $0.014) $0_(')14)
$0.02 $0.02
Asthma exacerbation PM;, 5 : ($0.00D
($0.002 $0.08) e
$0.2 $0.2
Lost work days PMzs ($0.1B $0.24) ($0.1D $0.24)
$0.01
$0.01
School loss days O3 ($0.004
($0.004 $0.013) $0.013)
Minor restrictedactivity PM,s& Og $0.7 $0.7
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days (0.3 3$1) (0.3 $1)

Recreational visibility,

Class | areas PM.s $4.1

Social cost of carbon (3%

discount rate, 2014 value CC, $0.6

Monetized total Benefits
(Pope et al. 2002 PMs mortality and Bell et al. 2004 ozone mortality estimates)

_ $110 $028 $120

3% discount rate PM;s, O; ($8.89 $340) ($0.01 $0.9) ($140 $350)
_ $100 $0.03 $110

7% discount rate PM;s, O; ($85 $310) ($0.015 $0.85) ($13 $320)

Monetized total Benefits
(Laden et al. 2006 PM s mortality and Levy et al. 2005 ozone mortality estimates)

. $270 $0.7 $280
3% discount rate PM;s5 Os ($245 $800) ($0.0% $2.1) ($2% $810)

_ $250 $0.6 $250
7% discount rate PM;s, O; ($220 $720) ($0.08 $1.9) ($260 $730)

A Estimates rounded to two significant figures.

B States included in transport region may be found in chapter 2.

©Monetary value of endpoints marked with dashes are < $106,00@. negative estimates for certain
endpoints are the result of the weak statistical power of the study used to calculate these health impact:
not suggest that increases in air pollntexposure result in decreased health impacts.

1.1.2 Welfare Benefits

The termwelfare benefitgeovers both environmental and societal benefits of reducing
pollution, such as reductions in damage to ecosysiemsoved visibility and improvements
in recreational and commercial fishing, agricultural yields, and fpresiuctivity. Although
we are unable to monetize all welfare benefits, EPA estimates the final Transport Rule will
yield welfare benefits d¢4.1billion in 2014 (2007$) for visibility improvements in
southeastern Class | (national park) areas for a tof.abillion in benefits across
southeastern, southwestern and California Class | afidese benefits are included in the
full suite of benéts categories that are accounted for in the monetized benefits for this final
rule.



Figure 21 summarizes an array of BMrelated monetized benefits estimates based
on alternative epidemiology and expddrived PMmortality estimate as well as thens of
ozonerelated benefits using the Bell et al. (2004) mortality estimate.

Figure 22 summarizes the estimated net benefits foséhectedemedy by
displaying all possible combinations of PM and ozoglated monetized benefits and costs.
The grapit includes one estimate of ozeredated mortality and fourteen different P
related mortality and a single 3% or 7% discounted cost estinaaeh of the 14 bars in
each graph represents a separate point estimate of net benefits under a certaationrob
cost and benefit estimation methods. Because it is not a distribution, it is not possible to infer
the likelihood of any single net benefit estimate.

2vVersions of this figure found in previous EPA RI Ab6s

estimates. Because total benefits are relatively insensitive to the specificatrmmefroortality estimate, for
simplicity of presentation we have not included this full suite.
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Figure 1-1 Estimated Monetized Value oEstimated PM, s Related Premature
Mortalities Avoided According to Epidemiology or Expert-derived Derived PM
Mortality Risk Estimate *

$400
3% DR

$350 m 7% DR

$300 Laden et

Pope et al.

Billions (2007%)
1T Y
= N N
al o al
o o o

$50

$0
PM, s Benefits estimates derived from 2 epidemiology functions and

expert functions

A Column total equals sum of BMrelated mortality and morbidity benefits and ozoelated morbidity and
mortality benefits using the Bell et al. (2D0nortality estimate.



Figure 1-2: Net Benefits of the Transport Rule Acording to PM, s Epidemiology or
Expert-derived Mortality Risk Estimate”

$400
3% DR

$350 = 7% DR
$300 Laden et.al.
$250
$200
$150 Pope etal.
$100
=
o 1 ,

PM, ; Benefits estimates derived from 2 epidemiology functions and
expert functions

Billions (20079%)

A Column total equals sum of BMrelatedmortality and morbidity benefits and ozeredated morbidity and
mortality benefits using the Bell et al. (2004) mortality estimate.

1.1.3 Assessment of More and Less Stringent Scenarios
1.1.31 Alternatives that Are More or Less Stringent

In accordance ith Circular A4a n d Edé Guwdelines folPreparing Economic
Analyses EPA also analyzed the costs and benefits of two options that differed in their
stringency from theelectedemedy optiori one less stringent, the other more stringent.
Both optiors have the same 2012 requirements and varied in the requirements for SO
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emissions reductions in 2018oth options only applied to the Group 1 states; requirements
for SO, reductions remain the same in Group 2 states in 2014 under each dptiaral and
o0zone seasoNOx emissions requirements remain unchanged under these emission caps.

Unlike theselecedremedy, which requires greater S@ductionsreductions of up
to $2,300/ton in marginal cost 16 states (Group 1) beginning in 2014 from 2012 emissions
levels, the less stringent optionly requires S@reductions in 2014 of up to $1,600/ton in
marginal cost in Group 1 states. The more stringent option requirge@@@tions in 2014 of
up to $10,00/ton in marginal cost in Group 1 states.

Table 14 provides a summary of the benefits, costs, and net benefits for the two
alternatives considered to tleelectedemedy along with those for tlseleced remedy.

Table 1-4. Summary of Annual Benefis, Costs, and Net Benefits of Versions of the
Seleced Remedy Option in 2012 (billions of 2007 dollars)

Description Preferred Remedy Less Strin_gent More Strin_gent
Scenario Scenario

Social cost8

3 % discount rate $0.81 $0.43 $3.6

7 % discount rate $0.81 $0.43 $3.6
Health-related benefits®

3 % discount rate $110to $Z70 + B $98 to $240 + B $130to $320 + B

7 % discount rate $100to $50 + B $89 to $220 + B $120 to $290 + B
Net benefits (benefitscosty®

3 % discount rate $110 to $Z0 $98 to $240 + B $130to $320 + B

7 % discount rate $100 to $50 $88 to $220 + B $120to $290 + B

& When presenting benefits and net benefits, EPA traditionally rounds all estimates to two significant figures. In thif@aseonaded

to three significant digits to facilitate comparison of the benefits and costs among the preferred remedy aahithenlere stringent

scenarios.

The social costs aestimated using the MultiMarket model, the model employed by EPA in this RIA to estimate economic impacts of
industries outside the electric power sector. This model does not estimate indirets iasgaciated with a regulation such as this one.

More information on the social costs can be found in Chapter 8 and Apgpéitkis RIA.

Due to methodological limitations, the health benefits otweA-4 alternative remediesclude PM 51 relaied benefits but omit

visibility, ozone, and C@related benefits. We present the RNrelated benefits of theeleced remedy, omitting these other important
benefits, so that readers may compare directly the benefits séléeed and alternate remedi Total benefits are primarily of the

value of PMrelated avoided premature mortalities. The reduction in these premature mortalities in each year account for over 90 percent
of total PMys i related monetized benefits. Benefits in this table aremaiite and are associated with Nahd SQ reductions.

Visibility and ozonerelated benefits not calculated for the more and less stringent scenarios because these impacts were estimated using
PM. s-related benefit per ton estimates.

Not all possible begfits or disbenefits are monetized in this analysis. These are listed in Table 1

Valuation assumes discounting over the St®sBommended 2Qear segmented lag structure. Results reflect the use of 3 % and 7 %
discount rates consistent with EPA and Biguidelines.
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1.2  Not All Benefits Quantified

EPA was unable to quantify or monetize all of the health and environmental benefits
associated with the Transport Rule. EPA believes these unquantified bareesitdstantial,
including the value of increased agricultural crop and commercial forest yields, visibility
improvements, reductions in nitrogen and acid deposition and the resulting changes in
ecosystem functions, and health and welfare benefits assberdh reduced mercury
emissions. Table-5 provides a list of these benefits.

Table 1-5: Human Health and Welfare Effects of Pollutants Affected by the Transport Rule

Pollutant/ Effect Quantified and monetized in base estimat Unquantified

PM: health®

Premature mortality based on cohort stud
estimate’

Premature mortality based on expert
elicitation estimates

Hospital admissions: respiratory and
cardiovascular

Emergency room visits for asthma

Nonfatal heart attacks (myocardial
infarctions)

Lower and upper respiratory illness

Minor restricted activity days

Work loss days

Asthma exacerbations (among asthmatic
populations

Respiratory symptoms (among asthmatic
populations)

Infant mortality

Low birth weight

Pulmonary function

Chronic respiratory diseases other tohronic
bronchitis
Non-asthma respiratory emergency room visit

UVb exposure (+)°

PM: welfare

Visibility in Class | areas

Household soiling

Visibility in residential and nowlass | areas
UVb exposure (+)°

Global climate impacts

Ozone: health

Premature mortality based on shtatm
study estimates

Hospital admissions: respiratory

Emergency room visits for asthma

Minor restricted activity days

School loss days

Chronic respiratory damage

Premature aging of the lungs
Nonrasthmarespiratory emergency room visits
UVb exposure (+)°

Ozone: welfare

Decreased outdoor worker productivity

12

Yields for:

--Commercial forests

--Fruits and vegetables, and

--Other commercial andoncommercial crops
Damage to urban ornamental plants
Recreational demand from damaged forest



aesthetics
Ecosystem functions
UVb exposure (+)°

Respiratory hospital admissions
Respiratory emergency department visits
Asthmaexacerbation

Acute respiratory symptoms

Premature mortality

Pulmonary function

NO,: health

Commercial fishing and forestry from acidic
deposition

Commercial fishing, agriculture and forestry
from nutrient deposition

NO,: welfare Recreation irterrestrial and estuarine

ecosystems from nutrient deposition

Other ecosystem services and existence valui
for currently healthy ecosystems

Coastal eutrophication from nitrogen depositic

Respiratory hospital admissions
Asthmaemergency room visits
Asthma exacerbation

Acute respiratory symptoms
Premature mortality

Pulmonary function

SO,: health

Commercial fishing and forestry from acidic
deposition
SO.: welfare Recreation in terrestrial and aquatic ecosystel
from aciddeposition
Increased mercury methylation

Incidence of neurological disorders

Incidence of learning disabilities

Incidences in developmental delays
Mercury: Potential cardiovascular effects including:
health --Altered blood pressunmegulation

--Increased heart rate variability

--Incidences of heart attack

Potential reproductive effects

Mercury: Impact on birds and mammals (e.g. reproduct
environment effects)

Impacts to commercial., subsistence and

Mercury: recreational fishing

welfare

#In addition to primary economic endpoints, there are a number of biological responses that have been associated witleffddtsealt
including morphological changes and altered host defense mechanisms. The public health impact of these biologiealmespbe
partly represented by our quantified endpoints.

b Cohort estimates are designed to examine the effects of long term exposures to ambient pollution, but relative risknestiatsaes
incorporate some effects due to shorter term exposureK(seé et al., 2001 for a discussion of this issue). While some of the effects
of short term exposure are likely to be captured by the cohort estimates, there may be additional premature mortadity terom Rkl
exposure not captured in the cohortreates included in the primary analysis.

¢May result in benefits or disbenefits.

13



1.3 Costs and Economic Impacts

For the affected region, the projected annual incremental private costssefeabied
remedy ofion (air quality-assured tradingo the power industry arel® billion in 2012 and
$0.8 billion in 2014 (in 2007 dollars). Costs are lower in 2014 than in 2012 as the rule
becomes more stringent because there are larger amounts of State and Fedenadigtde
controls that happen between 2012 and 2014 in the baseline. These costs represent the total
cost to the electricitgenerating industry of reducing N@nd SQ emissions to meet the
emissions caps set out in the rule. Estimates are in 20@rsdol'hese costs of the rule are
estimated using the Integrated Planning Model (IPM¥hould be noted that the rule
modeled for this analysis differs from the final rule in that it includésictions that would
be required by the supplemental pragddsr six statesl¢wa, Kansas, Michigan, Missouri,
Oklahoma, and Wisconsin). These reductians included in the cost and impacts estimates
described in this RIA, and therefore are accounted for in the benefits estimates.

In estimating the net benefits of regulatpmesentecdbove, the appropriate cost
measure i s Asoci al c o shagesdn soci8l welfarteon themile t s r e p
measured as thehange in total surplus (consumer and produgethe macroeconomic
analysis of this rule.

There are several national changes in energy prices that result from the Transport
Rule. Retail electricity prices are projected to increase nationally by an aveftagéwin
2012 and).8% in 2014 with tle final Transport RuleThe average delivered coal price
decreases by about 1.4 percent in 2012 and 0.5 percent in 2014 relative to the base case as a
result of decreased coal demand and shifts in the type of coal demaRdealso projects
thatdelivered natural gas prices for tledectric power sector will increase by about 0.3%
over the 20122030 timeframe and that natural gas use for electricity generation will increase
by approximately 200 billiorubic feet (BCF) by 2014r roughly 4% This impacis well
within the range of price variability that is regularly experienced in natural gas markets.
Finally, under the Transport Rule, EPA projects coal production for use by the power sector
will increase above 2009 levels by 40 million tons in 2012 ahchillion tons in 2014
(compared to roughly one billion tons of total coal produced for the power sector in 2009)
This increase in production is 16% less in 2012 and 27% less in 2014 than the increase
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projected in the base case. The Transport Rule igrogcted to impact production of coal
for uses outside the power sector (e.g., export, industrial sources), which represent
approximately 6% of total coal production in 200ore detail and background for these
results can be found in Chapter 7 of tHAR

There are several other types of energy impacts from the Transport Rule. A relatively
small amount of codired capacity, abowt.8 GW (1 percent of all coafired capacity and
0.5% oftotal generating capacity), is projected to be uneconomicaiotainand EPA
forecast that 1 GW of that capacity was likely to be unprofitable to operate in the 2020 in the
base case I n practice units projected to be wune
retired, or kept in service to ensure transmissiaabity in certain parts of the grid. For
the most part, these units are small and infrequently used generating units that are dispersed
throughout the Transport Rule region.

In addtion to addressing the costenefits and economic impactf the Tansport
Rule, EPA has estimated a portion of the employment impacts of this rulemaking. We have
estimatedhreetypes of impacts. One provides an estimate of the employment impacts on
the regulated industry over time. The second covers thetshorenployment impacts
associated with the construction of needed pollution control equipment until the compliance
date of the regulatiorfhe third is to estimate sherm employment impacextending
outside of the power sector, as described in Appendi¥® expect that the ru
employment will be small

In Table 16, we show the employment impacts of the Transport Rule as estimated by
the environmental protection sector approach and by the Morgenstern appfeach.
estimated employment changes due to changes in fuel use are reported in Chapter 8.
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Table 1-6. Estimated Employment Impact Table

Annual (reoccurring) One time (construction
during compliance period)
Environmental Protection | Not Applicable 2,230
Sector approach*
Net Effect on Electric Utility | 700** Not Applicable

Sector Employment from -1, 000 to +3,000%****
Morgenstern et al.
approach***

*These ondime impacts on employment are estimated in terms eyéains.
**This estimate is not statistidgldifferent from zero.

**These annual or reoccurring employment impacts are estimated in terms of production workers as defined by
the US Census Bureauds Annual Survey of Manufactur el

**** 95% confidence interval

Overall, the impacts of the finalle are modest, particularly in light of the large
projected benefits mentioned earlier.
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1.4  Small Entity and Unfunded Mandates Impacts

After preparing an analysis of small entity impacts, EPA has certified that this final
rule will have no SISNOSE (significant economic impacts on a substantial number of small
entities).First, of the small entities projected to have costs greater tharcént of revenues
(24 out of 108 affected)around @ percent of them operate in cost of service regions and
would generally be able to pass any increased costs along-fmayeess] n EPAOGs model
most of the cost impacts for these small entitiesthrir associated units are driven by lower
electricity generation relative to the base case. Specifically, two units reduce their generation
by significant amounts, driving the bulk of the costs for all small entities. Excluding these
two units,anothe driver of small entity impact®r subdivisions and private small entities
higher fuel costswhich the affected units would be expected to use irrespective of whether
they had to comply with this ruleFurther, increased fuel costs are often passed through to
ratepayers as common practice in many areas of the U.S. due to fuel adder arrangements
instituted by state public wutility commissi
smaller than 25 Mgawatt capacity (MW) has already significantly reduced the burden on
small entitiesdy reducing the number of affected small enrttyned units byabout 390

EPA examined the potential economic impacts on state and municipatigd
entities associatedith this rulemaking based on assumptions of how the affected states will
implement control measures to meet their emissions. These impacts have been calculated to
provide additional understanding of the nature of potential impacts and additional
information.

According t o EPgosernmeniehtiyies cossiderenl fn this h e
analysis and th865government entities in the Transport Rule region that are included in
EPAO6s meamy experggnce compliance costs in excess of 1 percent olues/é
2014, based on our assumptions of how the affected states implement control measures to
meet their emissions budgets as set forth in this rulemaking.
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Government entities projected to experience compliance costs in excess of 1 percent
of revenues @y have some potential for significant impact resulting from implementation of
the Transport Rule. However, it is E&&position that because these government entities can
pass on their costs of compliance to {pdgers, they will not be significantly fatted.
Furthermore, the decision to include only units greater than 25 MW in size exebdpts 3
government entities that would otherwise be potentially affected by the Transport Rule.

1.5 Limitations and Uncertainties

Every amalysis examining the potential benefits and costs of a change in
environmental protection requirements is limited to some extent by data gaps, limitations in
model capabilities (such as geographic coverage), and variability or uncertainties in the
underlyng scientific and economic studies used to configure the benefit and cost models.
Despite the uncertainties, we believe this beroefdt analysis provides a reasonable
indication of the expected economic benefits and costs of the final Transport Rule.

For this analysis, such uncertainties include possible errors in measurement and
projection for variables such as population growth and baseline incidence rates; uncertainties
associated with estimates of futyrear emissions inventories and air quality;iaaility in
the estimated relationships between changes in pollutant concentrations and the resulting
changes in health and welfare effects; and uncertainties in exposure estimation.

EPAG6s cost estimates assumuldardgant al | st at
participate in the programs that reduce, 8@d NQ emissions from the power industry
rather than complying with statevel requirements through other regulatory means

Below is a summary of the key uncertainties of the analysis:
Costs

e Analysis does not capture employment shifts as workers are retrained at the same
company or reemployed elsewhere in the economy.
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We do not include the costs of certain relatively small permitting costs associated with
Title V that new prograrentrants éce.

Technological innovation is not incorporated into these cost estimates.

Economic impacts do not take into response of electric power consumers to changes in
electricity prices. While this response is likely to be of small magnitude, it may have
someimpact on the final estimate of private compliance costs.

Benefits

Most of the estimated Pivelated benefits in this rule accrue to populations exposed to
higher levels of PMs. Of these estimated Rklated mortalities avoidedbout69%

occur among @pulations initially exposed to annual meanf2ivel of 10 pg/m and
about96%occur among those initially exposed to annual meap el of 7.5 pg/m;

these are the lowest air quality levels considered in the Laden et al. (2006) and Pope et al.
(2002) studies, respectively. This fact is important, because as we estimatéaitd

mortality among populations exposed to levels obPM¥at are successively lower, our
confidence irthe results diminishes. However, our analysis shows that thengagaity

of the impacts occur at higher exposures.

There are uncertainties related to the health impact functions used in the analysis. These
include: within study variability; across study variation; the application of concentration
response (€R) funcions nationwide; extrapolation of impact functions across

population; and various uncertainties in th&®Q@unction, including causality and

thresholds. Therefore, benefits may be undepverestimates.

Analysis is for 2014, and projecting key varebintroduces uncertainty. Inherent in any
analysis of future regulatory programs are uncertainties in projecting atmospheric
conditions and source level emissions, as well as population, health baselines, incomes,
technology, and other factors.

This aralysis omits certain unquantified effects due to lack of data, time and resources.
These unquantified endpoints include other health and ecosystem effects. EPA will
continue to evaluate new methods and models and select those most appropriate for
estimaing the benefits of reductions in air pollution. Enhanced collaboration between air
guality modelers, epidemiologists, toxicologists, ecologists, and economists should result
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in a more tightly integrated analytical framework for measuring benefits pbkition
policies.

e PM,smortalitybenefits represent a substantial proportion of total monetized benefits
(over 90%), and these estimates have following key assumptions and uncertainties.

1. The PMs-related benefits of the alternative scenarios wereveld through a
benefit petton approach, which does not fully reflect local variability in
population density, meteorology, exposure, baseline health incidence rates, or
other local factors that might lead to an eestimate or undegstimate of the
actual benefits of controlling SO

2. We assume that all fine particles, regardless of their chemical composition, are
equally potent in causing premature mortality. This is an important assumption,
because Plkproduced via transported precursors emittechfEGUs may differ
significantly from direct PMsreleased from diesel engines and other industrial
sources, but no clear scientific grounds exist for supporting differential effects
estimates by patrticle type.

3. We assume that the health impact functiorfifee particles is linear within the
range of ambient concentrations under consideration. Thus, the estimates include
health benefits from reducing fine particles in areas with varied concentrations of
PM s including both regions that are in attainmetith fine particle standard and
those that do not meet the standard down to the lowest modeled concentrations.

4. To characterize the uncertainty in the relationship betweers&hdl premature
mortality, we include a set of twelve estimates based on redulte expert
elicitation study in addition to our core estimates. Even these multiple
characterizations omit the uncertainty in air quality estimates, baseline incidence
rates, populations exposed and transferability of the effect estimate to diverse
locations. As a result, the reported confidence intervals and range of estimates
give an incomplete picture about the overall uncertainty in thesBMimates.
This information should be interpreted within the context of the larger uncertainty
surroundinghe entire analysis.

2C



These projected impacts of this final rule do not reflect minor technical corrections to
SO2 budgets in three states (KY, MI, and NY). These projections also assumed preliminary
variability limits that were smadl than the variability limits finalized in this rule. EPA
conducted sensitivity analysis confirming that these differences do not meaningfully alter any
of the Agency's findings or conclusions based on the projected cost, benefit, and air quality
impactspresented for the final Transport Rule. The results of this sensitivity analysis are
presented in Appendix F in the final Transport Rule RIA.
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CHAPTER 2
INTRODUCTION AND BACKGROUND

2.1 Introduction

EPA is addressing in this action the interstate transport of emissions of nitrogen
oxides (NQ) and sulfur dioxide (Sg) that contribute significantly to nonattainment and
maintenance problems with respect to the national ambient air quality standards (NAAQS)
for fine particulate matter (PM) that EPA promulgated in 1997 and 2006 and fbo8r
ozme that were promulgated in 1997. In this action, EPA will both identify and eliminate
emissions within states in the eastern United States that significantly contribute to
nonattainment and interfere with maintenance of the ozone apgd ARQS in other
downwind states. This document presents the health and welfare benefits of the Transport
Rule and compares the benefits of this rule to the estimated costs of implementing the rule in
2012 and 2014. This chapter contains background information reiative rule and an
outline of the chapters of the report.

2.2  Background

Clean Air Act (CAA) section 110(a)(2)(D)(i)(1) requires states to prohibit emissions
that contribute significantly to nonattainment in, or interfere with maintenance by, any other
state with respect to the National Ambient Air Quality Standards (NAAQS). In this final
rule, the Environmental Protection Agency (EPA) will partially or fully address the interstate
transport of emissions of sulfur dioxide (§nitrogen oxides (Ng), ard the fine particulate
that they form in the atmosphere, that contribute significantly to nonattainment and interfere
with maintenance with respect to the fine particulate mattep PNJAAQS promulgated in
1997 and 2006. This final rule includes acsiom partially or fully address the interstate
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transport of NQand the ozone that it forms in the atmosphere that contribute significantly to
nonattainment and interfere with maintenance with respect tctioefBozone NAAQS
promulgated in 1997.

With this final rule, EPA is responding to the remand of the Clean Air Interstate Rule
(CAIR) by the U.S. Court of Appeals for the D.C. Circuit in 2008. CAIR, promulgated May
12, 2005 (70 FR 25162) and the CAIR federal implementation plans (FIPs), promulgated
April 26, 2006 (71 FR 25328), aimed to address the interstate transport of pollutants that
contributed significantly to downwind nonattainment of the,R&nhd 8hour ozone NAAQS
promulgated in July 1997. In July 2008, the D.C. Circuit Court found CAtRtlze CAIR
FIPs unlawful. North Carolina v. EPA531 F.3d 896 (D.C. Cir. 2008y he Court s or i
decision vacated CAIRLd. at 92930. However, the Court subsequently remanded CAIR to
EPA without vacatur becaus eainiinteffeCtantlitid t hat fa
replaced by a rule consistent with our opinion would at least temporarily preserve the
environmental val NathCacobina\e ERASO B.3d 11CH 11R8. 0
(D.C. Cir. 2008).

2.2.1 Methodology for Identifying Need&kductions

As described in the preamble for this rule, EPA applies aspaigfic methodology
to identify specific reductions that states in the eastern United States must make to satisfy the
CAA section 110(a)(2)(D)(i)(1) prohibition on emissionstteaynificantly contribute to
nonattainment or interfere with maintenance in a downwind state. To facilitate
implementation of the requirement that significant contribution and interference with
maintenance be eliminated, EPA developed state emissiogstsudrhese are new
emi ssions budgets whi c h-bastae analgsis ef dachoupwind he Age
statebds significant contribution to nonattai
downwi nd. A stateds emi s sonsdhatsvoulduechgreafter i s t he
elimination of significant contribution and interference with maintenance in an average yeatr,
assuming no abnormal meteorology or disruptions in electricity supply. EPA establishes SO
and NQ budgets for each state coveredttee 24hour and/or annual PM NAAQS. EPA
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also establishes an ozone sed$t®, budget for each state covered for thiedBir ozone
NAAQS.

2.2.2 How Reductions Will Be Achieved, and Different Options to Do So

EPA is finalizing federal implementationguis (FIPs) to immediately implement the
emissions reduction requirements. The FIPs regulate electric generating units (EGUS) in the
27 covered stateis the final rulé. EPA will regulate these sources through a program that
uses statspecific budgetsral allows interstate trading.

2.2.3 States Covered by titénal Rule

In the final rule EPA requires S@and NQ emissions controls in the followiriZi
jurisdictions that contribute significantly to nonattainment in, or interfere with maintenance
by, adownwind area with respect to the-Bdur PM s NAAQS promulgated in September
2006: Alabama, Georgia, lllinois, Indiana, lowa, Kansas, Kentucky, Maryland, Michigan,
Minnesota, Missouri, Nebraska, New Jersey, New York, North Carolina, Ohio, Pennsylvania
Tennessee, Virginia, West Virginia, and Wisconsin.

EPA requires S@and NQ emissions controls in the followiri jurisdictions that
contribute significantly to nonattainment in, or interfere with maintenance by, a downwind
area with respect to the aral PM, 5 NAAQS promulgated in July 1997: Alabama, Georgia,
lllinois, Indiana, lowa, Kentucky, Maryland, Michigan, Missouri, New York, North Carolina,
Ohio, Pennsylvania, South Carolina, Tennessee, Texas, West Virginia, and Wisconsin.

The final rule requiesozone season N@missions controls iB0 states.As
discussed in the preamble, EPA is$aesupplemental proposal addressagneseason
NOx controls in 6 additional states. In total, EPA identified 26 sthggscontribute
significantly to nonatt@ment in, or interfere with maintenance by, a downwind area with

3 Consistent with the approach taken by the Ozone Transport Assessment Group (OTAG), $1E &,

and the CAIR, we define the ozone season, for purposes of emissions reduction requirements in this rule, as
May through September. We recognize that this ozone season for regulatory requirements will have differences
from the official statespecific monitoring season.

4 As finalized, the rule requires emission reductions in 27 states. EPA issued a supplemental proposal to
request comment on requiring ozeseason NOXx reductions in additional states; including the states addressed
in the supplerantal proposal, the total number of states covered by the Transport Rule would be 28.
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respect to the-8our ozone NAAQS promulgated in July 1997: Alabama, Arkansas, Florida,
Georgia, lllinois, Indiana, lowa, Kansas, Kentucky, Louisiana, Maryland, Michigan,
Mississippi, Missari, New Jersey, New York, North Carolina, Ohio, Oklahoma,
Pennsylvania, South Carolina, Tennessee, Texas, Virginia, West Virginia, and Wisconsin.
This group of jurisdictions include®2tatescovered by the final rule and 6 proposed states
(lowa, KansasMichigan, Missouri, Oklahoma, and Wisconsin) in the supplemental
proposedule. EPA is reporting on al6 states in this RIA.

As discussed, EPA is finalizing FIPs to directly regulate EGW&@/or NQ
emissions in the covered states. The FIPs rethergtatescovered for purposes of the-24
hour and/or annual PM NAAQS to reduce S@and NQ emissions by specified amounts.
The FIPs require the states covered for purposes oftioeilBozone NAAQS to reduce
ozone season N@missions by specified amants. For the P NAAQS, EPA would
require two phases with an initial phase in 2012 and subsequent phasé.irFa0&hour
ozone, EPA would require a single phase that would start in 2012.

As discussed in detail in the preamble, the approachndisant contribution and
interference with maintenance graupe 23 states covered for-Béur and/or annual PM
NAAQS in two tiers reflecting the stringency of S@ductions required to eliminate that
stateds significant contri but ii©amorastrohgentnt er f e
SOtier comprising 16 states ( fAgiercompisingd) and
states ( figr orm gtringency within eadh tiénFori tHese same 23 states, there
is one annual N@tier with uniform stringency of NOQreductions across all states.
Similarly, for the states covered for thdn8ur ozone NAAQS theris one ozone season NO
tier with uniform stringency across all of these states.

The more stringentSQ@ i er (A g r osilipoislraiana,ilowa, Kentdcky,
Maryland, Michigan, Missouri, New Jersey, New York, North Carolina, Ohio, Pennsylvania,
Tennessee, Virginia, West Virginia, andssbnsin. The moderately stringent.Si@er
(Agr oup <KARbama, Geplgia, Kansas, Minnesota, Nebraska, South Carolina, and
Texas.

For the 16 states in the more stringent 8@ er (Agroup 10),s the 2

5 Wwith regard to interstate trading, the two,3@ingency tiers lead to two exclusive Sding groups.
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the SQ reduction requirements (i.e., these states would have smallem3€sions budgets
starting in 2014), reflecting the greater reductions needed to eliminate significant
contribution and interference with maintenance from these states with respect4dthe 2

PM, s NAAQS. The 2014 annual N@missions budgets for all 23 states covered for the 24

hour and/or annual PM NAAQS remain the same as the 2012 annual.NO

For the 7 states in the moderately stringerg SO e r

(Agroupz 20),

emissionreduction requirements remain the same as the 201 218iSsion reduction
requirements for these states. See Taldlddt lists of covered statewhich includes the 6
states addressed in the supplemental proposal for Geasen NQ.

Table 2-1 -- Lists of Covered States for PMsand 8Hour Ozone NAAQS

Alabama
Arkansas
Florida
Georgia
lllinois
Indiana
lowa
Kansas
Kentucky
Louisiana
Maryland
Michigan
Minnesota

Mississippi

State

Covered for 24our

and/or annual Pl

Covered for &hour

ozone

Required to reduce SC
and NQ

27

X

X X X X X X

xX X

Required to reduce
ozone season NO
X

X X X X X X X X X X X

t

he



Missouri
Nebraska
New Jersey
New York
North Carolina
Ohio
Oklahoma

X X X X X X

Pennsylvania
South Carolina
Tennessee
Texas

Virginia

West Virginia

X X X X X X X X X X X X

X X X X X X X

Wisconsin
TOTALS 23

N
(o))

The relevant regions for PMand ozone significant contribution are also depicted in
the graphic in Figure-2. Maps are also available in Chapter 7 of this RIA.
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Figure 2-17 States CoveredJnder the Final Transport Rule

|:| States controlled for both fine particles (annual SO2 and NOx) and ozone (0zone season NOx) (21 States)
|:| States controlled for fine particles only (annual SOZ and NOx) (2 States)

|:| States controlled for ozone only (ozone season NOx) (5 States)

|:| States not covered by the Transport Rule
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2.3 Regulated Entities

This action will directly regulate emissions of Nand SQfrom electric generating
units (EGUs) with capacity greater than 25 MW in the covered states.

2.4  Baseline and Years of Aalysis

The rule on which this analysis is based sets forth the requirements for states to
address their significant contribution to downwind nonattainment of ozone axngl PM
NAAQS and interference with mainta@mce. To address this significant contribution and
interference with maintenance, EPA requires that certain states reduce their emissigns of SO
and NQ. The Agency considered all promulgated CAA requirements and known state
actions in the baseline ustxldevelop the estimates of benefits and costs for this Tinlks.
baseline analysis takes into account emissions reductions associated with the implementation
of all federal rules promulgated by December 2010 and assumes that the CAIR is not in
effect. However, this baseline presents a unique situation. EPA has been directed to replace
the CAIR; yet the CAIR remains in place and has led to significant emissions reductions in
many states.

A key step in the process of developing a 110(a)(2)(D)(i)(8 mNolves analyzing
existing (base case) emissions to determine which states significantly contribute to
downwind nonattainment and maintenance areas. It should be noted that a state affected by
CAIR may not be affected by the new rule and after theraéangoes into effect, the CAIR
requirements will no longer apply. For a state covered by CAIR but not covered by the new
rule, the CAIR requirements would not be replaced with new requirements, and therefore an
increase in emissions relative to presewmels could occur in that state. More fundamentally,
the court has made clear that, due to legal flaws, the CAIR rule cannot remain in place and
must be replaced. | f EPAGds base case anal ys
reductions from CAIR wuld continue indefinitely, areas that are in attainment solely due to
controls required by CAIR would again face nonattainment problems, because the existing
protection from upwind pollution would not be replaced. For these reasons, EPA cannot
assume ints base case analysis, that the reductions required by CAIR will continue to be
achieved.
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Following this logic, the 2012 base case shows emissions higher than current levels in
some states. Because EPA has been directed to replace CAIR, EPA belidoesthay
states, the absence of the CAR, program will lead to the status quo of ti€y Budget
TradingProgram(NBP), whichsubstantially limits ozonrgeasorNO, emissions from
electric power generation in a major part of the Eastern US and ensuogsethtion oNOy
controls in 20 covered states and the District of Columbia. The base case contains the NBP.
Also, without the CAIR S@program, there would remain the broad federal &@issions
requirements for electric generation from fossil fuelthe lower 48 states for the
comparatively less stringent CAA Title IV Acid Rain Program (ARP). As a resujt, SO
emissions in many states would increase markedly in the 2012 base case relative to the
present. Efforts to comply with ARP rules at the teast would occur in many cases solely
through use of currently readily available, inexpensive Title IV allowances and without the
operation of some existing scrubbers that do not have other binding enforceable
requirements. Notably, all known controts both SQ andNOy that are required under
state laws, NSPS, consent decrees, and other enforceable, binding commitments through
2014 are accounted for in the base case. These requirements are quite substantial in
maintaining the operation of much of teeisting advanced controls in pladéis against
this backdrop that the Transport Rule is analyzed and that significant contribution to
nonattainment and interference with maintenance must be addressed.

The model 6s base cas eSO aloavanoerbank assumptianp d at e d
and incorporates updates related to the Energy Independence and Security Act of 2007.
Many key assumptions, notably demand for electricity, reflect the 2010 Annual Energy
Outlook from the Energy Information Administrationlf&g. In addition, the model includes
policies affecting the power sector: the Title IV of the Clean Air Act (the Acid Rain
Program); theNO, SIP Call; various New Source Review (NSR) settlenfeatsd several

® The NSRsettlements include agreements between EPA and Southern Indiana Gas and Electric Company
(Vectren), Public Service Enterprise Group, Tampa Electric Company, We Energies (WEPCO), Virginia
Electric & Power Company (Dominion), Santee Cooper, Minnkota Powap,@onerican Electric Power
(AEP), East Kentucky Power Cooperative (EKPC), Nevada Power Company, Illinois Power, Mirant, Ohio
Edison, andKentucky Utilities These agreements lay out specific ]N&O,, and other emissions controls
for the fleets of thesmajor Eastern companies by specified dates. Many of the pollution controls are required
between 2010 and 201
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state ruleSaffecting emissions of S@AndNO, , that were finalized through December,

2010. | PM includes state rules that have be
legislature or environmental agency.he IPM documentation TSD contains details on all of

these other legally binding and erdeable commitments for installation and operation of

advanced N@and SQ pollution controls.

The years 2012 and 2014 are the compliance years for the final rule, though as we
explain in Chapters 5 and 7 we use 204bich covers 2014, 2015, 2016, and.2pas a
proxy for compliance in 2014 for our benefits and economic impact analysis due to
availability of modeling impacts in that year. All estimates presented in this report
represent annualized estimates of the benefits and costs of the finalofr&hdp in 2012
and 2015 rather than the net present value of a stream of benefits and costs in these particular
years of analysis.

25 Control Scenarios

The Transport Rule includes FIPs that would utilize sspeificcontrol budgets and
allow for interstate trading. This approach would assure environmental results while
providing some limited flexibility for covered sources. The approach would also facilitate
the transition from CAIR to the Transport Rule for implengg agencies and covered
sourcesThe preferred remedy would use new allowance allocations developed on a different
basis from CAIR. Fossiiuel electric generating units (EGUs) over 25 megawatt (MW)
capacity within the Transport Rule region would beered by this action.

At proposal, EPA looked at two other alternatives of direct control and intrastate
trading and fully analyzed their implications. The results ofdhatysiscan be found in the
pr op os a lWeé slso Bohsikleredraore and less stringent option in accordance with
OMB Circular A4 in that RIA. We have rdone our A4 analysis in this final RIA and the
results are found in Chapt®.

" These includewrrent and future state programAlabama,Connecticut, Delaware, Georgia, lllinois,

Kansas, Louisianaaine, Maryland, MasxhusettsMichigan, Minnesota, Missouri, New Hampshire, North
Carolina, New Jersey, New York, Oreg®ennsylvania, Tenness@@xas,West Virginia,and Wisconsin.
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2.6 Benefits of Emission Controls

The benefits of the Transport Rule are discussed in Chapter 5 of this report. Annual
monetized benefits of D to 280 billion (3 percent discount rate) ot Bto $250 billion
(7 percent discount rate) are expected for the final rule in 2014.

2.7 Costs of Emission Controls

EPA analyzed the costs to private industry of the Transport Rule using the Integrated
Planning Model (IPM). EPA has used this model in the past to analyze the impacts of
regulationson the power sector and used an earlier version of this model to analyze the
impacts of the CAIR rule. The social cost is estimated using the Multimarket Model. IPM
results are incorporated into the Multimarket Model when calculating the social tlst of
Transport Rule. EPA estimates the private industry costs of the rule to the power sector to be
$14 billion in 2012 and $0.8 billion in 2014 (2007 dollars). In estimating the net benefits
(benefitsi costs) of the rule, EPA uses social costs of tie that represent the costs to
society. These social costs include to the impact to industries affected by changes to
electricity prices resulting from implementation of the Transport Rule. The social costs of
the rule are estimated to be $0.8 billior2014.

A description of the methodologies used to model the costs and economic impacts to
the power sector is discussed in Chapter 7 of this report, and a description of the
methodology used to estimate the social cost of the rule, the employnpaats of the rule,
and model economic impacts outside of the power sector are discussed in Chapter 8 of this
report.

2.8  Organization of the Regulatory Impact Analysis

ThisreportpresenEPAGs anal ysis of the benefits,
of the final Transport Rule to fulfill the requirements of a Regulatory Impact Analysis (RIA).
This RIA includes the following chapters:
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Chapter 3, Emissions Impacts, describes the @migsventories and modeling
that are essential inputs into the cost and benefit assessments.

Chapter 4, Air Quality Impacts, describes the air quality data and modeling that
are important for assessing the effect on contributions to air quality from the
remedy option applied in this rule, and as inputs to the benefits assessment.

Chapter 5, Benefits Analysis and Results, describes the methodology and results
of the benefits analysis

Chapter 6, Electric Power Sector Profile, describes the industgted by the
rule.

Chapter 7, Cost, Economic, and Energy Impacts, describes the modeling
conducted to estimate the cost, economic, and energy impacts to the power sector.

Chapter 8, Macroeconomic and Employment Impacts, describes the describes the
andysis to estimate the impacts on employment associated with the final rule, the
modeling conducted to estimate the social cost of the rule and the economic
impacts to industries outside of the power sector.

Chapter 9, Statutory and Executive Ortiepact Analyses, describes the small
business, unfunded mandates, paperwork reduction act, environmental justice, and
other analyses conducted for the rule to meet statutory and Executive Order
requirements.

Chapter 10, Comparison of Benefits and Cadtews a comparison of the social
benefits to social costs of the rule.

Appendix A, Distribution of the Pik-Related Benefits Among Vulnerable and
Susceptible Populations

Appendix B, OAQPS Multimarket Model to Assess the Economic Impact of
EnvironmentaRegulation

AppendixC, State Benefits Results
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CHAPTER 3
EMISSIONS IMPACTS

This chapter summarizes the emissions inventories that are used to create emissions
inputs to the air quality modeling that is described in Chapter 4. This chaptetgzravi
summary of the baseline emissions inventories and the emissions reductions that were
modeled for this rule. The emissions inventories are processed into a form that is required by
the Comprehensive Air Quality Model with extensions (CAMx). CAMx dates the
numerous physical and chemical processes involved in the formation, transport, and
destruction of ozone and particulate matter (PM). Separate runs of CAMx were performed
for the base year, future baseline, and-gositrol scenarios. As part tife analysis for this
rulemaking, CAMx outputs were used to calculater 8naximum ozone concentrations;
daily and annual concentrations of particulate matter less than 2.5 microns in diameter
(PM25). In the remainder of this Chapter we provide an overview of (1) the emissions
components of the modeling platform, (2) the development of the 200y &asemissions,

(3) the development of the 2012 and 2014 fuligar base case emissions, and (é) th
development of the 2014 future yaamtrol case (policy case) emissiorisshould be noted
that the projected future year inventory used for this analysis is generally representative of
several years around 2014 such as 2015.

3.1  Overview of Modeling Platform and Emissions Processing Performed

The inputs to the air quality model; including emissions, meteorology, initial
conditions, boundary conditions; along with the methods used to produce the inputs and the
configuration of the air quality modelaceo | | ect i vely known Thes a &6 mo
2005based air quality modeling platform used for the Transport Rule includes 2005 base
year emissions and 2005 meteorology for modeling ozone and \Rith CAMX (see
http://www.camx.cony. Version 4.2 of the 200based platform (2005 v4.2 platform) was
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used for the Transport Rul e, and it is descr
Techni cal Support Document (TSD) for the Tra
http://www.epa.gov/ttn/chief/emch/The Emissions Inventory TSD provides more detail on

(1) the development of the emissions inventories for all sectors and (2) the procedures

followed to create emissions inputs to KA . For additional det ai | s
emissions for the EGU sector, see Chapter 7 of this RIA.

Emissions estimates were made for a 2005 base year and for 2012 and 2014 future
year scenarios. All inventories include emissions from EGUsH@Ud pint sources,
stationary nonpoint sources (previously referred to as stationary area sources), onroad mobile
sources, nonroad mobile sources and natural, biogenic emissions. In support of this rule,
EPA processed the emissions in support of air qualityatnay for two domains, covering
the East and the West (2 separate model runs) of the U.S. and parts of Canada and Mexico
using a horizontal grid resolution of 12 x 12 kilometers (km). These 12 km modeling
domai ns were finest edo venngtthe iower 48 states dsind aigridg d o ma
resolution of 36 x 36 ki therefore the tables of emissions in this section cover the
contiguous 48 states.

For each of the modeling scenarios conducted: 2005 base year, 2012 base case, 2014
base case, and 2014ntl| case, the emissions inventory files were processed using the
Sparse Matrix Operator Kernel Emissions (SMOKE) Modeling System version 2.6 to
produce the gridded modedady emissions for input to CAMx. SMOKE was used to create
the hourly, gridded erssions data for the species required by CAMx species to perform air
quality modeling for all sectors, including biogenic emissions. Details on them@sions
portion of the modeling platform used for the RIA are provided in Chapter 4.

3.2 Development 0f2005 Base Year Emissions

Emissions inventory inputs representing the year 2005 were developed to provide a
base year for forecasting future air quality. These inventories include criteria air pollutants
and some hazardous air pollutants. For some sebemgene, formaldehyde, acetaldehyde
and met hanol (someti mes abbreviated ABAFMO)
speciation of volatile organic compounds (VOC). The emission source sectors and the basis

®The air quality predictions from the 36 km Continental US (CONUS) domain were used to
provi de i ncoming fAiboundaryodo concentrations f ol
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for current and futurgear inventories arksted and defined in Table B These are the same
sectors as were used in the 2@@ed version 4 (v4) platform

(www.epa.gov/ttn/chief/emch/index.html#2Q0&om which the v4.2 platfon was derived.
The starting point for both the v4 and v4.2 platforms was the 2005 National Emission
Inventory (NEI), version 2 (v2) from October 6, 2008
(http://www.epa.gov/ttn/chief/net/PGinventory.html. The v4.2 platform utilizes the same

2006 Canadian inventory and a 1999 Mexican inventory as were used in the v4 platform; as
these were the latest available data from these countries and were used for the portions of
Canada and Mexicoithin the modeling domains.

Table 3-1. Emissions Source Sectors for Current and Futurerear Inventories, 2005
based Platform, Version 4.2

Platform Sector,
modeling abbrev.
(and corresponding
2005 NEI sector)

Description and resolution of the data input toSMOKE, 2005 v4.2
platform

EGU sector: ptipm
(point)

2005 NEI v2 point source EGUs mapped to the Integrated Planning Model (I
model using the National Electric Energy Database System (NEEDS) 2006 v,
4.10 database. Daily emissions input iStdOKE. Annual emissions allocated t
months using 3 years of continuous emissions monitor (CEM) data, and allog
to days using montto day allocations from the 2005 CEM data. Includes upd
such as removing duplicates and reflecting comments exteiv the proposed
Transport Rule.

Non-EGU sector:
ptnonipm (point)

All 2005 NEI v2 point source records not matched to the ptipm sector. Inclug
aircraft emissions. Includes updatesdmove duplicates, improve estimates frg
ethanol plants, feect new information collected from industry from the ICR for
the Boiler MACT, and to reflect comments received on the proposed Transpc
Rule. Includes point source fugitive dust emissions for which cespegific PM
transportable fractions were applieAnnual resolution.

Averagefire sector:
avefire

Averageyear wildfire and prescribed fire emissions; county and annual resolu

Agricultural sector:
ag (nonpoint)

NH; emissions from 2002 NEI nonpoint livestock and fertilizer application, co
and annual resolution.

Area fugitive dust
sector: afdust
(nonpoint)

PMyoand PM s from fugitive dust sources (e.g., building construction, road
construction, paved roads,paved roads, agricultural dust) from the NEI nonp(
inventory (which used 2002 emissions for this sector) after application of eou
specific PM transportable fractions. Includes county and annual resolution.

Remaining nonpoint
sector: nonpt
(nonpoint)

Primarily 2002 NEI nonpoint sources not otherwise included in other SMOKE
sectors, county and annual resolution. Includes updated residential wood
combustion emissions, year 2005 f@alifornia WRAP oil and gas Phase I
inventory, and year 200bexas and Oklahoma oil and gas emissions. Includes
updates based on comments received on the proposed Transport Rule.

Nonroad sector:

Monthly nonroad emissions from the National Mobile Inventory Model (NMIM
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Platform Sector,
modeling abbrev.
(and corresponding
2005 NEI sector)

Description and resolution of the data input toSMOKE, 2005 v4.2
platform

nonroad (nonroad)

using NONROAD2005 versionrO5¢BondBase, which is equivalent to
NONROAD2008a, since it incorporated Bonde revisions to some of the base
case inputs and the Bond rule controls did not take effect until later.

NMIM was used for all states except California. Monthly emission€alifornia
created from annual emissions submitted by the California Air Resources Bo
(CARB) for the 2005v2 NEI

Locomotive, and non
C3 commercial

marine vessel (CMV):
alm_no_c3 (nonroad)

2002 NEI nonrail maintenance locomotives, and categoryd eategory 2
commercial marine vessel (CMV) emissions sources, county and annual
resolution. Aircraft emissions are included in the NKBU sector (as point
sources) and category 3 CMV emissions are contained in the seca c3 secto

C3 commercial
marine: seca_c3
(nonroad)

Annual point sourcéormatted, year 2005 category 3 (C3) CMV emissions,
devel oped f o Controhad Emissidnefroro MewIMaride A
Compressiod gni ti on Engines at or Above
described as theémissions Control Area (ECA) study
(http://www.epa.gov/otag/oceanvessels htidsedinal projections from 2002,
developed for the C3 ECA proposal to the International Maritime Organizatio
(EPA-420-F-10-041, August 2010) and a state/federal water boundary16f 3
nautical miles. Includes other updates reflecting comments received on the
proposed Transport Rule.

Onroad California,
NMIM -based, and
Motor Vehicle
Emissions Simulator
(MOVES) sources not
subject to
temperature
adjustments:
on_noadj (onroad)

Three, monthly, countlievel components:

1) California onroad, created using annual emissions submitted by CAR!B:for
2005 NEI version 2. NE(not submitted by CARB) from MOVES2010.

2) Onroad gasoline and diesel vehicle emissions from MOVES2010 not subjg
temperature adjustments: exhaust carbon monoxide (CO), nitrogen oxide
(NOx), sulfur dioxide (SG), VOC, ammora (NH), benzene, formaldehyde,
acetaldehyde, 1;Butadiene, acrolein, naphthalene, brake and tire wear PM
evaporative VOC, benzene, and naphthalene

Onroad cold-start
gasoline exhaust mode
vehicle from MOVES
subject to
temperature
adjustments:
on_moves_startpm
(onroad)

2005 monthly, countyevel MOVES2010 onroad gasoline vehicle emissions
subject to temperature adjustments. Pollutants that are included are limited 1
species and Naphthalene for exhaust mode only. California emissions are n
included (covered by on_noadj). This sector is limitecbld startmode
emissions that contain different temperature adjustment curves from running
exhaust (see on_moves_runpm sector).

Onroad running
gasoline exhaust mode
vehicle from MOVES
subject to
temperature
adjustments:
on_moves_runpm

(onroad)

2005 monthly, countyevel MOVES2010 onroad gasoline vehicle emissions
subject to temperature adjustments. Pollutants that are included are limited {
species and Naphthalene for exhaust mode only fo@@h emissions are not
included. This sector is limited tanningmode emissions that contain different
temperature adjustment curves from cold start exhaust (see on_moves_start
sector).
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Platform Sector,
modeling abbrev.
(and corresponding
2005 NEI sector)

Description and resolution of the data input toSMOKE, 2005 v4.2
platform

Biogenic: biog

Hour-specific, grid celspecific emissionsanerated from thBEIS3.14model-
includes emissions in Canada and Mexico.

Other point sources
not from the NEI:
othpt

Point sources from Canadab6s 2006 i
inventory, annual resolution. Also includes annual WfShore oil 2005 NEI v2
point source emissions.

Other nonpoint and
nonroad not from the
NEI: othar

Year 2006 Canada (province resolution) and year 1999 Mexico Phase lI
(municipio resolution) nonpoint and nonroad mobile inventories, annual
resolution.

Other onroad sources
not from the NEI:
othon

Year 2006 Canada (province resolution) and year 1999 Mexico Phase llI
(municipio resolution) onroad mobile inventories, annual resolution.

The onroad emissions were primarily based orl2i21/200%ersionof the Motor
Vehicle Emissions Simulator (MOVES2010)t://www.epa.gov/otag/models/movegith
database corrections for diesel toxiB4OVES was run with a State/month aggregation
using average fuefer each state, state/mordiverage temperatures, and national default
vehicle age distributions. The MOVES data were allocated to counties usingostatg
distributions from the 2005 National Mobile Inventory model (NMIM) results that are part of
the2005 NEI v2. MOVES2010 was used for onroad sources other than in Calitdéomia
carbon monoxide (CO), nitrogen oxides (yOVOC, PM: 5, particulate matter less than ten
microns (PMy), sulfur dioxide (S@, ammonia (NH), naphthalen&’and some VOC
HAPs! To account for the temperature dependence of MOVESbased temperature
adjustment factors were applied to gridded, hourly emissions using the same 2005 gridded,
hourly 2 meter temperature data used in CAMx. Additional information on thisagpis
available in the Emissions Inventory TSD.

® California onroad emissions were taken from the California Air Resources Board
submission of 2005 data to the NEI. The inventory included all criteria air pollutants other
than ammonia andazardous air pollutants.

9Naphthalene emissions were not used in the modeling.

11,3 Butadiene, Acrolein, Formaldehyde, Benzene and Acetaldehyde. Of these, the latter 3
are used in the modeling.
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The nonroad emissions utilized the NMIM model (other than California) to create
county/month emissions, which are consistent with the annual emissions from the 2005 NEI
v2. For California, statsubmitted enissions were used.

Emissions from the point source NEI were primarily from the 2005 NEI v2 inventory,
consisting primarily of 2005 values with some 2002 emissions values where 2005 data were
not avail abl e. The point pmoldr aasG W@aNe(nskd i t
Aptnoni pmo) sectors for modeling purposes, b
the NEI units in the National Electric Energy Database System (NEEDS) version 4.10
database. All units that matched NEEDS were includéiaeiieGU sector so that the future
year emissions could easily be taken from the Integrated Planning Model (IPM) emissions
that are based on the NEEDS units. Effort were made to ensure that there were not duplicate
emissions in the 2005 data (e.g., fron®@2@nd 2005), to properly account for plants or units
that shutdown prior to 2005, add estimates for ethanol plants, and to revise some of the 2002
data to reflect 2005 emissions based on controls put in place between 2002 and 2005.

The 2005 annual NOandSGO; emissions for sources in the EGU sector as defined in
Table31l are based primarily on data from EPAOGSs
Emissions Monitoring (CEM) program, with other pollutants estimated using emission
factors and the CEM anniuaeat input. For EGUs without CEMSs, emissions were obtained
from the statesubmitted data in the NEI. Additional ORI plant and unit code matches
were implemented in version 4.2 of the platform, and for a subset of these units, annual
emissions wereacomputed3to reflect the newly matched CEM data.

For the 2005 base year, the annual EGU NEI emissions were allocated to hourly
emissions values needed for modeling based on the 2004, 2005, and 2006 CEM data. The
NOx CEM data were used to create N€pecfic profiles, the S@data were used to create
SOy-specific profiles, and the heat input data were used to allocate all other pollutants. The
three years of data were used to create monthly profiles by state, while the 2005 data were
used to create stataeraged profiles for allocating monthly emissions to daily. These daily
values were input into SMOKE, which utilized stateraged 2005ased hourly profiles to

12 An Oris code is @ digit number assigned by the Enetgformation Administration (EIA) at the U.S.
Department of Energy that is used to track emission generating units under numerous other data systems
including the Clean Air Markets Divisions CEM data.

¥Net change was a decrease in,N® 1700 tons and a dease in Sgby 600 tons.
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allocate to hourly values. This approach to temporal allocation was used for all base and
control cases modeled to provide a temporal consistency between the years modeled without
tying the temporalization to the events of a single year.

The 2002 NEI v2 nonpoint inventory was augmented with updated oil and gas
exploration emissions from Texastb®klahoma (CO, N PM, SQ, VOC). These oil and
gas exploration emissions were in addition to oil and gas data previously available to the
2005 v4 platform that includes emissions within the following states: Arizona, Colorado,
Montana, Nevada, New Mea, North Dakota, Oregon, South Dakota, Utah, and Wyoming.

The commercial marine category 3 (C3) vessel emissions (seca_c3 sector) used
gridded 2005 emissions that reflect the final projections from 2002 developed for the
category 3 commercial marine Emass Control Area (ECA) proposal to the International
Maritime Organization (EPA20-F-10-041, August 2010). These emissions include Canada
as part of the ECA, and were updated using regp@cific growth rates; thus the v4.2
seca_c3 sector inventoriesntain Canadian province codes. The state/federal water
boundaries were based on a file available from the Mineral Management Service (MMS) that
specify boundaries from three to ten nautical miles from the coast.

Other emissions inventories included agergear countybased inventories for
emissions from wildfires and prescribed burning. These emissions are intended to be
representative for both base and future years and are held constant for each, which minimizes
their impact on the modeling results base of posprocessing techniques.

Once developed, the emissions inventories were processed to provide the hourly,
gridded emissions for the moegbecies needed by CAMx. Details on this processing are
further described in the Emissions Inventory TSRble 32 provides summaries of the
2005 emissions inventories by sector for the final Transport Rule. TaBlésr8ugh 34

provide statdevel summaries for SQand NQ. I n these tables, ANon|
nonpt sector ; i AichecantaiRsuogly PiMiand &M ) nemesents thew
afdustsectoon _noadj, on_startpm and on_runpm sect
nonroad, alm_no_c3 (locomotives and category 1 and 2 marine vessels) and seca_c3

(category 3 marine vessels) sectorsamme d i nt o ANonroado; and AF

averageyear fire (avefire) emissions for wildfires and prescribed burning mentioned above.
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Table 3-2. 2005 Emissions by Sector

2005 2005 2005
2005 NOX 2005 SO2 PM2_5 PM10 NH3 2005 CO 2005 vOC
Sector Abbrev. [tons/yr] [tons/yr] [tons/yr] [tons/yr] [tons/yr] [tons/yr] [tons/yr]
Area fugitive dust 0 0| 1,030,391 8,858,992 0 0 0
Agriculture 3,251,99
0 0 0 0 0 0 0
Locomotive/marine | ; 02> 723  153,068| 56,666 59,342 773| 270,007) 67,690
Commercial marine
Category JUS
only) 130,164 97,485 10,673 11,628 0 11,862 4,570
Nonpoint 1,696,902 1,216,362 1,079,906/ 1,349,639 133,962| 7,410,946 7,530,578
Nonroad 2,115,408 197,341| 201,138/ 211,807 1,972| 19,502,718 2,691,844
Onroad running PM 0 0 49,789 54,071 0 0 0
Onroad start PM 0 0 20,929 22,729 0 0 0
Onroad other 9,142,274 177,977| 236,927| 308,497| 156,528| 43,356,130 3,949,362
EGU 3,729,161| 10,380,883 496,877| 602,236/ 21,995 603,788 41,089
Non-EGU 2,226,250 2,082,159 433,381| 646,373 158,524| 3,214,833 1,309,895
Average fires 189,428 49,094| 684,035 796,229| 36,777| 8,554,551| 1,958,992
Commercial marine
Cat us
ategory InonUS) | ) 501 690| 1085804 134,604 146,312 o| 146027 62,132
Canadared 734,587 95,086| 432,402| 1,666,188 546,034 3,789,362 1,281,095
Canadanroad 524,837 5,309 10,395 14,665| 21,312| 4,403,745 270,872
Canadapoint 857,977| 1,664,040 68,689 117,669 21,268| 1,270,438/ 447,313
Mexico area 249,045 101,047 92,861| 143,816| 486,484 644,733 586,842
Mexico onroad 147,419 8,270 6,372 6,955 2,547| 1,455,121| 183,429
Mexico point 258,510 980,359 88,132| 125,385 0 88,957| 113,044
Off-shorepoint 82,581 1,961 837 839 0 89,812 51,240

Table 3-3. 2005 Base Year SO2 Emissions (tons/year) for States by Sector

State EGU NonEGU | Nonpoint | Nonroad | Onroad | Fires Total

Alabama 460,123 66,373 52,325 5,622 3,983 983 589,408
Arizona 52,733 23,966 2,571 6,154 3,919| 2,888 92,231
Arkansas 66,384 13,039 27,260 5,678 1,998 728 115,087
California 601 33,136 77,672 41,140 4,935| 6,735 164,217
Colorado 64,174 1,549 6,810 4,897 3,064 1,719 82,213
Connecticut 10,356 1,831 18,455 2,556 1,375 4 34,576
Delaware 32,378 34,859 1,030 2,657 519 6 71,449
District of Columbia 1,082 686 1,559 414 218 0 3,961
Florida 417,321 57,429 70,490 31,191| 13,280| 7,018 596,729
Georgia 616,063 52,830 56,829 9,223 7,163| 2,010 744,119
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State EGU NonEGU | Nonpoint | Nonroad | Onroad | Fires Total

Idaho 0 17,151 2,915 2,304 951 | 3,845 27,166
lllinois 330,382 156,154 5,395 19,303 7,279 20 518,531
Indiana 878,979 87,795 59,775 9,437 4,937 24 1,040,947
lowa 130,264 64,448 19,832 8,838 2,045 25 225,451
Kansas 136,520 13,234 36,381 8,035 2,241 103 196,515
Kentucky 502,731 25,962 34,229 6,942 3,377 364 573,604
Louisiana 109,875 165,705 2,378 25,447 3,043 892 307,340
Maine 3,887 18,512 9,969 1,625 986 150 35,129
Maryland 283,205 34,988 40,864 9,372 2,706 32 371,166
Massachusetts 84,234 19,620 25,261 6,524 2,819 93 138,551
Michigan 349,877 76,509 42,066 14,597 8,966 91 492,106
Minnesota 101,678 25,158 14,747 10,412 3,111 631 155,736
Mississippi 75,047 29,892 6,796 5,930 2,681| 1,051 121,397
Missouri 284,384 78,307 44,573 10,464 5,339 186 423,253
Montana 19,715 11,056 2,600 3,813 912 | 1,422 39,518
Nebraska 74,955 6,469 7,659 9,199 1,640 105 100,026
Nevada 53,363 2,253 12,477 2,877 702 | 1,346 73,018
New Hampshire 51,445 3,155 7,408 789 780 38 63,614
New Jersey 57,044 7,639 10,726 13,315 3,112 61 91,898
New Mexico 30,628 8,062 3,193 3,541 1,879 3,450 50,755
New York 180,847 58,426 125,158| 15,663 6,500 113 386,707
North Carolina 512,231 59,433 22,020 8,766 6,506 696 609,652
North Dakota 137,371 9,678 6,455 5,986 525 66 160,082
Ohio 1,116,095] 115,154 19,810 15,630 7,715 22 1,274,427
Oklahoma 110,081 40,482 8,556 5,015 3,316 469 167,918
Oregon 12,304 9,825 9,845 5,697 1,872 4,896 44,438
Pennsylvania 1,002,203 83,375 68,349 11,999 6,597 32 1,172,555
Rhode Island 176 2,743 3,365 816 265 1 7,366
South Carolina 218,781 31,495 13,489 7,719 3,741 646 275,871
South Dakota 12,215 1,999 10,347 3,412 612 498 29,083
Tennessee 266,148 67,160 32,714 6,288 6,088 277 378,676
Texas 534,949| 223,625/ 115,192| 34,943| 17,970 1,178 927,857
Tribal 3 1,511 0 0 0 0 1,515
Utah 34,813 9,132 3,577 2,439 1,999 1,934 53,893
Vermont 9 902 5,385 385 346 49 7,078
Virginia 220,287 69,401 32,923 10,094 4,647 399 337,752
Washington 3,409 24,211 7,254 18,810 3,490 407 57,580
West Virginia 469,456 46,710 14,589 2,133 1,289 215 534,392
Wisconsin 180,200 66,807 6,369 7,134 3,735 70 264,315
Wyoming 89,874 22,321 6,721 2,674 807 | 1,106 123,503
Total 10,380,883 2,082,159| 1,216,362| 447,895| 177,977| 49,094| 14,354,370
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Table 3-4.

2005 Base Year NQ Emissions (tons/year) for States by Sector

State EGU NonEGU | Nonpoint | Nonroad | Onroad Fires Total

Alabama 133,051 72,795 32,024 60,373| 182,224| 3,814 484,282
Arizona 79,776 15,975 8,650 62,711| 223,130{ 10,532 400,774
Arkansas 35,407 35,846 21,453 63,493| 106,127 2,654 264,979
California 6,925 90,708| 121,882| 424,268| 665,225| 24,563 1,333,571
Colorado 73,909 20,971 43,652 50,856| 138,976 6,271 334,635
Connecticut 6,865 5,824 12,554 21,802 82,677 14 129,736
Delaware 11,917 5,567 2,274 10,617 28,088 23 58,486
District of Columbia 492 501 1,740 3,494 10,575 0 16,802
Florida 217,282 53,757 29,533| 176,468| 553,534 25,600 1,056,174
Georgia 111,281 50,434 38,919 89,708| 364,376/ 7,955 662,673
Idaho 19 10,354 30,317 22,087 45,427| 14,024 122,228
lllinois 127,940 97,409 47,645 223,696| 368,378 71 865,139
Indiana 213,588 67,479 30,185| 110,100| 252,229 88 673,669
lowa 72,806 41,818 15,150 92,965| 108,205 90 331,034
Kansas 90,220 70,858 42,286 86,553 97,259 378 387,554
Kentucky 164,783 35,425 17,557 90,669| 172,502| 1,326 482,262
Louisiana 64,987| 162,770 27,559| 222,575| 145,398| 3,254 626,542
Maine 1,100 17,949 7,423 9,928 49,128 566 86,094
Maryland 62,574 24,621 21,715 41,889| 161,294 137 312,230
Massachusetts 25,134 18,429 34,373 43,494| 161,867 341 283,638
Michigan 120,026 94,118 43,499 101,060/ 359,421 330 718,454
Minnesota 84,304 63,971 56,700| 115,872 183,758| 2,300 506,905
Mississippi 45,166 53,985 12,212 79,288| 130,111] 3,833 324,595
Missouri 127,431 38,604 32,910 123,228 240,506 678 563,356
Montana 39,858 5,356 14,415 40,687 43,926| 5,187 149,429
Nebraska 52,426 12,187 14,749| 107,180 76,791 381 263,714
Nevada 47,297 17,191 5,379 27,747 49,381 4,910 151,905
New Hampshire 8,827 2,805 11,235 9,220 41,101 137 73,325
New Jersey 30,142 20,570 26,393 71,738| 192,310 223 341,376
New Mexico 75,483 44,107 69,175 45,552 96,239| 12,582 343,139
New York 63,315 55,122 87,608| 112,441| 369,210 412 688,109
North Carolina 111,576 44,502 18,869 79,893| 287,918| 11,424 554,183
North Dakota 76,381 7,672 10,046 59,635 28,313 240 182,289
Ohio 258,944 71,090 41,466 173,981| 360,765 81 906,327
Oklahoma 86,204 73,465 67,762 55,424| 149,720 1,709 434,284
Oregon 9,383 22,927 17,059 65,058| 107,934| 17,857 240,218
Pennsylvania 176,891 89,287 53,435| 118,796| 343,120 117 781,647
Rhode Island 545 2,164 2,964 5,028 17,676 4 28,381
South Carolina 52,657 29,069 17,706 49,026| 163,461 2,357 314,276
South Dakota 15,650 5,271 5,766 30,324 32,508, 1,817 91,336
Tennessee 102,934 54,255 18,676 82,331| 267,818, 1,012 527,027
Texas 176,170| 292,806| 317,192| 348,014| 867,843| 4,890 2,006,916
Tribal 78 13,322 0 0 0 0 13,400
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State EGU NonEGU | Nonpoint | Nonroad | Onroad Fires Total

Utah 65,261 19,466 13,844 26,985 84,202| 7,052 216,810
Vermont 297 799 3,438 3,951 17,032 179 25,696
Virginia 62,793 59,820 53,605 77,661| 232,928| 1,456 488,263
Washington 17,634 25,427 16,911| 106,226| 189,992| 1,484 357,674
West Virginia 159,947 36,196 14,519 32,739 64,469 785 308,655
Wisconsin 72,170 40,688 21,994 75,979| 190,138 256 401,226
Wyoming 89,315 30,516 40,480 35,482 37,065 4,035 236,894
Total 3,729,161] 2,226,250| 1,696,902| 4,168,294| 9,142,274| 189,428 21,152,309

3.3 Development of Future Year Base Case Emissions

The 2012 and 2014 base case scenarios represent predicted emissions including
known federal measures for all sectors. They reflect projected economic changes and fuel
usage for the EGU and mobile sectors. Emissions frorE@d stationary sectors have
previously been shown to not be well correlated with economic forecasts, and therefore
economic impacts were not included for #6BU stationary sources. Like the 2005 base
case, these emissions cases include criteria pollutants and for some sectors, benzen
formaldehyde, acetaldehyde and methanol from the inventory is used in VOC speciation.

The 2012 and 2014 base case EGU emissions projections,cif8ONQ were
obtained using Version 4.10 Final of the Integrated Planning Model (IPM)
(http://www.epa.gov/airmarkt/progsregs/epan/index.htm). The IPM is a multiregional,
dynamic, deterministic linear programming model of the U.S. electric power sector. Version
4.10 Final reflectstate rules and consent decrees through December 1, 2010, information
obtained from the 2010 Information Collection Request (ICR), and information from
comments received on the IPMIated Notice of Data Availability (NODA) published on
September 1, 201MNotably, IPM 4.1 Final included the addition of over 20 GW of existing
Activated Carbon Injection (ACI) for codired EGUs reported to EPA via the ICR.
Additional unitlevel updates that identified existing pollution controls (such as scrubbers)
were al® made based on the ICR and on comments from the IPM NODA. Units witbr SO
NOx advanced controls (e.g., scrubber, SCR) that were not required to run for compliance
with Title IV, New Source Review (NSR), state settlements, or-sfaeific rules were
modeled by IPM to either operate those controls or not based on economic efficiency
parameters.

Additionally, IPM v4.1 Final corrected a natural gas emission factor responsible for
an overprediction in PM semissions of 85 thousand tons from the EGUmedther
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updates includes adjustments to assumptions regarding the performance of acid gas control
technologies, new costs imposed onfewltching (e.g., bituminous to stdtuminous),
correction of lignite availability to some plants, incorporatibadditional planned
retirements, a more inclusive implementation of the scrubber upgrade option, and the
availability of a scrubber retrofit to wasteal fired fluidized bed combustion units without

an existing scrubber. Further details on the futues {#5U emissionswventory used for

this rule can be found in the IPM v.4.10 Documentation, available at
http://www.epa.gov/airmarkt/progsregs/epan/index.html Note that the TranspoRule

future year base cases do not include the Toxics Rule, which was proposed on March 16,
2011. In addition, the Boiler MACT was not represented in the final Transport Rule
modeling because the rule was not final at the time the modeling was performe

Mobile source inventories of onroad and nonroad mobile emissions were created
for 2012 and 2014 using a combination of the NMIM and MOVES models in a consistent
approach with the 2005 base year. As with the 2005 emissions, the 2012 and 2014 onroad
emissions were based on MOVES2010 emissions provided at thenstatie resolution that
were then allocated to counties using NMIM emissions values. Fygarevehicle miles
travelled (VMT) were projected from the 2005 NEI v2 VMT using growth rates frem
2009 Annual Energy Outlook (AEO) data. The same MOWESed PMstemperature
adjustment factors were applied as in 2005 for running mode emissions because these are not
dependent on year; however, cold start emissions usegpeaific temperaturedgustment
factors. The 2012 and 2014 onroad emissions reflect control program implementation
through 2012 and 2014 and include the LiBhtty Vehicle Tier 2 Rule, the Onroad Heavy
Duty Rule, and the Mobile Source Air Toxics (MSAT) final rule. Emissialucdons and
increases from the Renewable Fuel Standard version 2 (RFS2) are not reflected because they
do not take effect until later years.

Nonroad mobile emissions were created only with NMIM using a consistent approach
as was used for 2005, but usinyIM future-year equipment population estimates and
control programs for 2015 and 2012 using national level inputs. Year 2014 emissions were
created by interpolating 2012 and 2015 emissions. Emissions for locomotives and category 1
and 2 (C1 and C2) commzeal marine vessels were derived for 2012 and 2014 based on
emissions published in the Final Locomotive Marine Rule, Regulatory Impact Assessment,
Chapter 3 (sebttp://www.epa.gov/otatgcomotives.htm#2008final
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The future baseline nonroad mobile emissions reductions include reductions to
locomotives, various nonroad engines including diesel engines and various marine engine
types, fuel sulfur content, and evaporative emissions stagydactuding the category 3
marine diesel engines and International Maritime Organization standards which include the
establishment of emission control areas for these ships. A summary of the mobile source
control programs included in the projected futyear baseline is shown in Tablé3

Table 3-5. Summary of Mobile Source Control Programs Included in 2014 Baseline

National Onroad Rules:
Tier 2 Rule Signature dateFebruary 28, 2000)
Onroad HeawDuty Rule (February 24, 2009)
Final Mobile Sourcir Toxics Rule (MSAT2) (February 9, 2007)
Renewable Fuel Standard (March 26, 2010)
Local Onroad Programs:
National Low Emission Vehicle Program (NLEV) (March 2, 1998)
Ozone Transport Commission (OTC) LEV Program (January, 1995)
National Nonroad Controls:
Tier 1 nonroad diesel rule (June 17, 2004)
Phase 1 nonroad SlI rule (July 3, 1995)

Marine Sl rule (October 4, 1996)
Nonroad diesel rule (October 23, 1998)
Phase 2 nonroad nonhandheld Sl rule (March 30, 1999)
Phase 2 nonroad handheld Sl r{Agril 25, 2000)
Nonroad large Sl and recreational engine rule (November 8, 2002)
Clean Air Nonroad Diesel RuleTier 4 (June 29, 2004)
Locomotive and marine rule (May 6, 2008)
Nonroad Sl rule (October 8, 2008)
Aircraft:
Itinerant (ITN) operationat airports adjusted to years 2012 and 2014
Locomoaotives:
Clean Air Nonroad Diesel Final RuieTier 4 (June 29, 2004)
Locomotive rule (April 16, 2008)
Locomotive and marine rule (May 6, 2008)
Commercial Marine:
Locomotive and marine rule (May B008)
Category 3 marine diesel engines Clean Air Act and International Maritime
Organization standards (April, 30, 2010)
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For norEGU point sources, emissions were projected by including emissions
reductions and increases from a variety of source’ddar norEGU point sources, other
than for certain large municipal waste combustors and airports, emissions were not grown
using economic growth projections, but rather were held constant at the emissions levels in
2005. Emissions reductions were apptedorEGU point source to reflect final federal
measures, known plant closures, refinery and other consent decrees. The starting point was
the emission projections done for the 2005v4 platform for the proposed Transport Rule. The
2012 and 2014 projectidfactors developed for the Transport Rule prop(sssd
http://www.epa.gov/ttn/chief/emch/index.html#transjpwrére updated for these 2012 and
2014 baseline projections. Severadtldsional NESHAP were promulgated since emission
projections were done for the proposed Transport Rule, and these were included for the 2012
and 2014 base cases. Emission reductions were also applied to lacald®ntrols for
NOx and VOC from the Nework State Implementation Plan (SIP) as part of another effort;
we do not anticipate that this change significantly impacts the results of this RIA, which are
primarily resulting from changes to $@nd PM s.

Since aircraft at airports were treated asipemissions sources in the 2005 NEI v2,
we applied projection factors based on activity growth projected by the Federal Aviation
Administration Terminal Area Forecast (TAF) system, published December 2008 for these
sources.

Emissions from stationary nonpbdsources were projected using procedures specific
to individual source categories. Refueling emissions were projected using the refueling
results from the NMIM runs performed for the onroad mobile sector. Portable fuel container
emissions were projesd using estimates from previous rulemaking inventories compiled by
the Office of Transportation and Air Quality (OTAQ). Emissions of ammonia and dust from
animal operations were projected based on animal population data from the Department of
Agricultureand EPA. Residential wood combustion was projected by replacement of
obsolete woodstoves with new woodstoves and a 1 percent annual increase in fireplaces.
Landfill emissions were projected using MACT controls. In addition, many of the NY SIP
controlsapplied to nonpoint categories and were included in the projection. All other
nonpoint sources were held constant between 2005 and the 2014 future year scenarios.

14 Controls from the NQSIP call were assumed to have been in place by 2005 and captured in the 2005 NEI
V2.
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A summary of all rules and growth assumptions impactingE@h stationary
sources is provied in Table 3. The table is broken out into two sections: (1) the
approaches used to project emissions for the proposed Transport Rule that were carried
forward for the final Transport Rule and (2) the added controls/reductions used for the final
Trangort rule that had not been used for the proposed Transport rule.
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Table 3-6. Control Strategies and/or Growth Assumptions Included in the 2012 and

2014 Projection for Non EGU Stationary Sources

Control Strategies and/or Growth Assumptions Applied to 200®missions for the 2014

projection

Projection Approaches Carried Forward from the Proposed Transport Rule

MACT rules, national, VOC: national applied by SCC, MACT

VOC

Consent Decrees and Settlements, including refinery consent decrees, and settle
for: Alcoa, TX and Premcor (formerly MOTIVA), DE

All

Municipal Waste Combustor Reductididant level PM

Hazardous Waste Combustion PM

Hospital/Medical/Infectiou$Vaste Incinerator Regulations NOx, PM,
SO,

Large Municipal Waste Combustdrgrowth applied to specific plants All

MACT rules, plantlevel, VOC: Auto Plants VOC

MACT rules, plantlevel, PM & SO2: Lime Manufacturing PM, SQ

MACT rules, plandievel, PM:Taconite Ore PM

Municipal Waste Landfills: project factor of 0.25 applied All

Livestock Emissions Growth from year 2002 to years 2012 and 2014 NH3, PM

Residential Wood Combustion Growth and Chaagts from years 2005 to years 201 All

and 2014

Gasoline Stage Il growth and control from year 2005 to year 2014 VOC

Portable Fuel Container Mobile Source Air Toxics Rule 2: inventory growth and c¢ VOC

from year 2005 to years 2012 and 2014

Additional Projection Approaches For the Final Transport Rule

NESHAP: Portland Cemen®9/09/10)i plant level basedn Industrial Sector Integrated Hg, NO,

Solutions (ISIS) policy emissions in 2013. The ISIS results are from the-GBent model | SO2, PM,

runs for the NESHAP and NSPS analysis of July 28, 2010 and include closures. For yeary HCL

only known closures and new units through year 2009 were includedb$SEsl future yar

projections were not included.

NESHAP: Il ndustrial, Commerci al , Il nstit uHg,SQ,

02/21/2011) HCL, PM

New York ozone SIP standards VOC, HAP
VOC, NO

Additional Plant and Unit closures provided by state, regional, and EPA agencies All

Emission Reductions resulting from controls put on specific boiler units (not due to MACT] NOy, SO,

2005, identified through analysis of the control data gathered froi€EBiérom the ICI Boiler | HCL

NESHAP.

NESHAP: Reciprocating Internal Combustion Engines (RICE). SO2 controls for RICE wg NOy, CO,

not effective until after 2012, but are applied in 2014, PM, SO2

Use Phase Il WRAP 2018 QOil and Gas, and apdGE controls to these emissions VOC, SQ,
NOyx, CO

Use 2008 Oklahoma and Texas Oil and Gas, and apply RICE controls to these emissions| VOC, SQ,
NOy, CO,
PM

State fuel sulfur content rules for fuel biffective in 2014 only in Maine and New York S02
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In all future year cases, we used the 2005 base year emissions for Canada and Mexico
because appropriate futbyear emissions for sources in these countries were not available.
The futureyear emissions need to reflect expected percent reductions easasrbetween
the base year and the future year to be considered appropriate for this type of modeling.

Table 37 shows a summary of the 2005 and 2014 modeled base case emissions for
the sum of the lower 48 states. Table®&d 39 below providesummaries of S@and
NOx in the 2014 base case for each sector by state. The 2012 emissions are not presented
here because they were not considered as part of the RIA. For details on the 2012 emissions,
see the Emissions Inventory TSD.

Table 37. Summary of Modeled Base Case Annual Emissions (tons/year) for 48 States
by Sector: SQ and NOx

Source SectoSO, Emissions 2005 2014
EGU Point 10,380,88 7,159,56¢
Non-EGU Point 2,082,15¢ 1,643,061
Nonpoint 1,216,362 1,126,861
Nonroad 447,895 74,180
On-road 177,977 26,022
Average Fire 49,094 49,094
Total SO, All Sources 14,354,37( 10,078,78¢

Source SectoNOyx Emissions 2005 2014
EGU Point 3,729,161 2,089,422
Non-EGU Point 2,226,25( 2,021,334
Nonpoint 1,696,902 1,628,712
Nonroad 4,168,294 3,049,397
Onroad 9,142,27¢ 4,946,217
Average Fire 189,428 189,428
Total NOy, All Sources 21,152,30¢ 13,924,51(
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Table 3-8. 2014 Base Case S{Emissions (tons/year) for States by Sector

State EGU* NonEGU | Nonpoint | Nonroad | Onroad Fires Total
Alabama 417,340 63,152 52,200 523 502 983 534,700
Arizona 35,601 24,180 2,478 51 593 2,888 65,792
Arkansas 99,411 12,163 26,723 296 279 728 139,599
California 7,350 21,979 67,943 13,111 2,150 6,735 119,268
Colorado 62,105 1,403 6,446 47 507 1,719 72,227
Connecticut 3,774 1,831 18,200 538 271 4 24,618
Delaware 2,172 4,917 1,024 1,116 7 6 9,311
District of Columbia 0 686 1,505 3 35 0 2,230
Florida 143,601 49,057 69,968 8,754 1,835 7,018 280,233
Georgia 170,288 44,228 55,848 886 1,071 2,010 274,332
Idaho 182 17,132 2,906 21 162 3,845 24,248
lllinois 141,606 111,567 5,231 600 1,008 20 260,031
Indiana 727,786 75,715 59,453 288 656 24 863,923
lowa 133,083 45,804 19,437 115 283 25 198,747
Kansas 69,819 10,749 36,072 56 251 103 117,050
Kentucky 488,005 23,838 33,873 580 426 364 547,085
Louisiana 118,230 131,620 2,372 8,073 391 892 261,579
Maine 2,355 14,345 3,234 429 128 150 20,642
Maryland 42,926 33,557 40,688 2,386 500 32 120,089
Massachusetts 13,364 17,350 24,990 1,631 485 93 57,914
Michigan 269,434 48,697 42,028 2,887 899 91 364,035
Minnesota 70,937 25,048 14,433 563 488 631 112,099
Mississippi 30,972 24,405 6,593 812 323 1,051 64,156
Missouri 390,287 75,587 44 543 425 636 186 511,664
Montana 15,447 7,505 2,179 24 102 1,422 26,678
Nebraska 73,073 4776 7,615 55 176 105 85,799
Nevada 14,416 2,120 12,027 25 177 1,346 30,112
New Hampshire 6,453 2,470 7,282 32 117 38 16,391
New Jersey 38,856 6,740 10,574 4576 648 61 61,455
New Mexico 11,857 8,042 2,905 23 229 3,450 26,507
New York 42,887 45,206 71,141 2,677 1,277 113 163,302
North Carolina 126,048 58,499 21,675 948 786 696 208,652
North Dakota 103,633 9,678 5,912 34 61 66 119,385
Ohio 851,199 93,846 19,591 1,334 946 22 966,938
Oklahoma 137,981 29,033 7,503 50 423 469 175,459
Oregon 11,336 9,792 9,710 1,081 359 4,896 37,175
Pennsylvania 509,649 64,926 67,696 2,013 961 32 645,278
Rhode Island 0 2,743 3,340 230 70 1 6,385
South Carolina 213,281 28,534 13,275 2,044 451 646 258,231
South Dakota 29,711 1,947 10,201 22 75 498 42,453
Tennessee 284,468 60,476 32,634 349 674 277 378,878
Texas 453,332 133,219 108,505 6,061 2,016 1,178 704,311
Tribal 0 677 0 0 0 0 677
Utah 33,498 6,757 3,449 25 285 1,934 45,947
Vermont 263 901 5,307 7 86 49 6,614
Virginia 77,256 50,378 32,434 1,407 737 399 162,611
Washington 3,430 20,157 6,976 6,463 630 407 38,062
West Virginia 498,507 33,356 14,294 169 159 215 546,702
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State EGU* NonEGU | Nonpoint | Nonroad | Onroad Fires Total
Wisconsin 130,538 61,097 6,226 327 537 70 198,795
Wyoming 51,817 21,174 6,221 17 85 1,106 80,419
Total 7,159,569 1,643,061 1,126,861 74,180 26,022] 49,094| 10,078,786

* Emission estimates apply to all fossil Electric Generating Units, including those with capacity < 25MW

Table 3-9. 2014 Base Case NOEmissions (tons/year) for States by Sector

State EGU NonEGU | Nonpoint | Nonroad | Onroad Fires Total
Alabama 76,012 72,271 31,836 44,834 93,207 3,814 321,975
Arizona 35,616 13,283 8,476 43,525 137,141 10,532 248,574
Arkansas 36,347 32,253 20,464 45,075 56,878 2,654 193,670
California 26,874 84,169 116,422| 303,640f 386,587| 24,563 942,254
Colorado 49,381 19,256 41,872 35,819 84,697 6,271 237,296
Connecticut 2,854 5,823 12,264 14,257 45,574 14 80,787
Delaware 1,701 3,675 2,194 10,177 13,959 23 31,729
District of Columbia 0 501 1,687 2,402 5,183 0 9,773
Florida 100,581 50,044 28,826| 143,368| 289,809| 25,600 638,227
Georgia 49,411 48,274 37,840 63,607 196,604| 7,955 403,691
Idaho 608 9,687 30,152 15,964 31,275| 14,024 101,710
lllinois 55,269 79,963 46,835| 153,821| 210,508 71 546,467
Indiana 117,832 63,444 29,359 76,941| 143,678 88 431,342
lowa 48,400 35,331 14,679 66,475 58,415 90 223,390
Kansas 32,637 62,469 41,859 62,453 48,897 378 248,692
Kentucky 83,544 33,996 17,084 67,238 91,074 1,326 294,262
Louisiana 31,573| 150,460 26,054| 179,194 75,553 3,254 466,089
Maine 5,402 15,199 7,236 8,117 25,137 566 61,657
Maryland 17,566 23,288 21,396 32,179 87,342 137 181,909
Massachusetts 6,992 17,789 33,333 31,258 85,562 341 175,275
Michigan 67,705 78,719 42,524 73,231| 186,832 330 449,343
Minnesota 41,474 63,653 56,230 85,182 96,643 2,300 345,483
Mississippi 26,294 49,191 11,818 59,663 65,639 3,833 216,438
Missouri 57,318 43,918 32,195 89,795| 133,942 678 357,846
Montana 19,399 5,253 13,619 28,847 20,418 5,187 92,723
Nebraska 45,047 10,719 14,117 76,764 39,379 381 186,408
Nevada 14,074 15,149 5,295 19,478 22,135 4,910 81,041
New Hampshire 5,126 1,939 11,072 6,587 22,776 137 47,637
New Jersey 8,006 18,996 25,749 54,659| 102,495 223 210,127
New Mexico 64,745 40,746 63,420 32,645 50,276| 12,582 264,414
New York 21,689 52,969 86,472 82,154| 215,392 412 459,087
North Carolina 49,322 44,759 18,341 53,665| 144,033| 11,424 321,544
North Dakota 53,265 7,328 9,237 43,482 13,573 240 127,125
Ohio 104,149 62,913 40,188 122,508| 192,610 81 522,450
Oklahoma 66,966 68,904 70,100 40,079 80,924 1,709 328,683
Oregon 9,584 22,516 16,786 49,681 62,899| 17,857 179,324
Pennsylvania 134,092 76,430 52,492 84,800 181,742 117 529,673
Rhodelsland 442 2,179 2,923 3,408 9,853 4 18,808
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State EGU NonEGU | Nonpoint | Nonroad | Onroad Fires Total
South Carolina 39,018| 26,467 17,433| 35,050 84,063| 2,357 204,389
South Dakota 14,270 4,862 5,623 22,105 16,820 1,817 65,498
Tennessee 29,276 49,126 18,184| 60,111| 144,394| 1,012 302,103
Texas 142,087| 249,562| 286,315| 256,684 433,197| 4,890 1,372,735
Tribal 11 13,126 0 0 0 0 13,137
Utah 67,434| 18,314 13,321| 18,845| 45,873| 7,052 170,840
Vermont 455 802 3,383 2,771 15,234 179 22,824
Virginia 40,469 50,895 52,600 56,304 132,997 1,456 334,720
Washington 13,322| 22,726 16,303| 86,529 108,957 1,484 249,322
West Virginia 64,824 30,195 13,847 24,369 32,074 785 166,094
Wisconsin 40,750 39,141 21,569| 54,245| 106,241 256 262,201
Wyoming 70,207| 28,659 37,687| 25412| 17,725| 4,035 183,726
Total 2,089,422| 2,021,334| 1,628,712 3,049,397| 4,946,217| 189,428 13,924,510
3.4  Development of Future Year Control Case Emissions for Air Quality Modeling

For the future year control case (policy case) air quality modeling, the emissions for
all sectors were unchanged from the base case modeling except for those from EGUs. The

IPM model was used to prepare the 2014 policy case (i.e., the final Transp)rtdREGU
emissions as described in ti®M v.4.10 Documentatiqravailable at
http://www.epa.gov/airmarkt/progsregs/apan/index.html As with the base case

projections photochemical modeling of the policy case is based on IPM v.4.10 Final. The
changes in EGU SQand NOx emissions as a result of the policy case for the lower 48 states

are summarized in TableI®. Statespecific summaries of EGU $@nd NG for the sum
of the lower 48 states are shown in Tabldslaand 312, respectively.
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Table 3-10. Summary of Emissions Changes for the Transport Rule in the Lower 48

States
2014 EGU Emissions S0O2 NOx
Base Case EGU Emissions (tons) 7,159,569 2,089,422
Control EGUEmissions (tons) 3,356,577 1,890,590
Reductions to Base Case in 3,802,991 198,832
Control Case (tons)
Percentage Reduction of Baseg 53% 10%

EGU Emissions

Total 2014 Marmmade Emissions*

Total Base Case Emissions (tons) 10,078,786 13,924,510
Total Control Case Emissions 6,275,795 13,725,678
(tons)

Percentage Reduction of All 37.7% 1.4%

Man-made Emissions

* |n this table, marmade emissions includes average fires.
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Table 3-11. State Specific Changes in Annual EGU Sgfor the Lower 48 States

EGU SO2 EGU SO2
2014 Base Case| 2014 Policy Case| reduction reduction

State SO2 (tons) SO2 (tons) (tons) (%)

Alabama 417,340 173,566 243,775 58%
Arizona 35,601 35,601 0 0%
Arkansas 99,411 106,685 -7,274 -7%
California 7,350 7,350 0 0%
Colorado 62,105 73,858 -11,753 -19%
Connecticut 3,774 3,883 -109 -3%
Delaware 2,172 2,172 0 0%
District of Columbia 0 0 0 -
Florida 143,601 148,069 -4,468 -3%
Georgia 170,288 93,208 77,080 45%
Idaho 182 182 0 0%
lllinois 141,606 132,647 8,959 6%
Indiana 727,786 195,046 532,740 73%
lowa 133,083 83,827 49,256 37%
Kansas 69,819 45,740 24,078 34%
Kentucky 488,005 116,927 371,078 76%
Louisiana 118,230 139,204 -20,973 -18%
Maine 2,355 2,355 0 0%
Maryland 42,926 30,368 12,558 29%
Massachusetts 13,364 13,363 1 0%
Michigan 269,434 162,632 106,802 40%
Minnesota 70,937 49,622 21,315 30%
Mississippi 30,972 32,109 -1,137 -4%
Missouri 390,287 186,899 203,388 52%
Montana 15,447 22,826 -7,379 -48%
Nebraska 73,073 71,339 1,734 2%
Nevada 14,416 14,416 0 0%
New Hampshire 6,453 6,742 -289 -4%
New Jersey 38,856 6,243 32,614 84%
New Mexico 11,857 13,926 -2,068 -17%
New York 42,887 15,160 27,727 65%
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EGU SO2 EGU SO2
2014 Base Case| 2014 Policy Case| reduction reduction

State SO2 (tons) S02 (tons) (tons) (%)

North Carolina 126,048 69,377 56,670 45%
North Dakota 103,633 103,624 9 0%
Ohio 851,199 178,975 672,224 79%
Oklahoma 137,981 138,072 -91 0%
Oregon 11,336 11,336 0 0%
Pennsylvania 509,649 125,545 384,105 75%
Rhode Island 0 0 0 -
South Carolina 213,281 100,788 112,494 53%
South Dakota 29,711 29,711 0 0%
Tennessee 284,468 64,721 219,747 77%
Texas 453,332 266,648 186,685 41%
Tribal 0 0 0 -
Utah 33,498 33,968 -469 -1%
Vermont 263 263 0 0%
Virginia 77,256 51,144 26,112 34%
Washington 3,430 3,430 0 0%
West Virginia 498,507 84,344 414,163 83%
Wisconsin 130,538 50,137 80,401 62%
Wyoming 51,817 58,530 -6,714 -13%
Total 7,159,569 3,356,577 3,802,991 53%

Table 3-12. State Specific Changes in Annual EGU N@for the Lower 48 States

EGU NOx EGU NOx
2014 Base Case| 2014 Policy Case| reduction reduction
State NOx (tons) NOx (tons) (tons) (%)
Alabama 76,012 69,192 6,820 9%
Arizona 35,616 35,613 4 0%
Arkansas 36,347 37,640 -1,293 -4%
California 26,874 26,776 97 0%
Colorado 49,381 49,331 50 0%
Connecticut 2,854 2,860 -6 0%
Delaware 1,701 1,717 -15 -1%
District of Columbia 0 0 0 -
Florida 100,581 78,508 22,073 22%
Georgia 49,411 41,484 7,927 16%
Idaho 608 608 0 0%
lllinois 55,269 49,162 6,107 11%
Indiana 117,832 110,740 7,092 6%
lowa 48,400 42,231 6,169 13%
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EGU NOy EGU NOy
2014 Base Case| 2014 Policy Case| reduction reduction

State NOx (tons) NOx (tons) (tons) (%)

Kansas 32,637 24,328 8,308 25%
Kentucky 83,544 76,088 7,456 9%
Louisiana 31,573 31,582 -9 0%
Maine 5,402 5,402 0 0%
Maryland 17,566 17,190 375 2%
Massachusetts 6,992 7,033 -41 -1%
Michigan 67,705 60,907 6,798 10%
Minnesota 41,474 34,429 7,045 17%
Mississippi 26,294 26,080 214 1%
Missouri 57,318 52,103 5,216 9%
Montana 19,399 19,303 96 0%
Nebraska 45,047 28,211 16,836 37%
Nevada 14,074 14,050 24 0%
New Hampshire 5,126 4,971 156 3%
New Jersey 8,006 7,720 286 4%
New Mexico 64,745 64,833 -88 0%
New York 21,689 20,528 1,160 5%
North Carolina 49,322 45,008 4,314 9%
North Dakota 53,265 53,267 -2 0%
Ohio 104,149 89,753 14,396 14%
Oklahoma 66,966 44,143 22,823 34%
Oregon 9,584 9,632 -48 0%
Pennsylvania 134,092 118,981 15,110 11%
Rhode Island 442 442 0 0%
South Carolina 39,018 36,747 2,271 6%
South Dakota 14,270 14,273 -3 0%
Tennessee 29,276 20,512 8,764 30%
Texas 142,087 137,964 4,123 3%
Tribal 11 11 0 0%
Utah 67,434 67,434 0 0%
Vermont 455 455 0 0%
Virginia 40,469 39,734 735 2%
Washington 13,322 13,322 0 0%
West Virginia 64,824 53,975 10,849 17%
Wisconsin 40,750 33,5637 7,212 18%
Wyoming 70,207 70,778 -571 -1%
Total 2,089,422 1,890,590 198,832 10%
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CHAPTER 4
AIR QUALITY MODELING AND IMPACTS

4.1 Air Quality Impacts

This section summarizes the methods for and results of estimating air quattg for
2014 base case and control scenario for the purposes of the benefit analysis. EPA has
focused on the health, welfare, and ecological effects that have been linked to air quality
changes. These air quality changes include the following:

1. Ambient fine particulate matter (PM) and groundevel ozone (Q)i as
estimated using a natiorstale applications of tHeomprehensivéir
Quality Model with Extensions (CAMX; Environ, 210);

2. Visibility degradation (i.e., regional haze), as developed usingriealp
estimates of light extinction coefficients and efficiencies in combination with
CAMx modeled reductions in pollutant concentrations.

The air quality estimates in this section are based on the emission changes
summarized in the preceding sectiorhe$e air quality results are in turn associated with
human populations and ecosystems to estimate changes in health and welfare effects. In
Section 4.1.1, we describe the air quality modeling platform and in Section 4.2, we cover the
impacts on PMisandozone. Lastly, in Section 4.3, we discuss the estimation of visibility
degradation.

4.1.1 Air Quality Modeling Platform

We use the emissions inputs summarized above with national scale and regional scale
application of the CAMx modeling system to estimahd, s and ozone air quality in the
contiguous U.S. CAMx is a threemensional griebased Eulerian photochemical model
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designed to estimate BMland ozone concentrations over annual time periods.
Consideration of the different processes that affeotgny (directly emitted) and secondary
(formed by atmospheric processes) Rhh different locations is fundamental to
understanding and assessing the effects of pollution control measures that affeah8M
ozone concentrations at the surfat@ecaus it accounts for spatial and temporal variations
as well as differences in the reactivity of emissions, CAMx is useful for evaluating the
impacts of the rule on PM and ozone concentrations. Version 5.3 of CAMx was employed
for this Transport Rule modab, as described in the Air Quality Modeling Technical
Support Document (EPA, 2011).

For this analysis we used CAMXx to simulate air quality for every hour of every day of
the year. These model applications required a variety of input files that combamation
pertaining to the modeling domain and simulation period. In addition to the CAMx model,
our modeling system includes (1) emissions for a 2005 base year and emissions for the 2014
base case and control scenario, (2) meteorology for the y@sy &@d (3) estimates of
intercontinental transport (i.e., boundary concentrations) from a global photochemical model.
Using these data, CAMx generates hourly predictions of ozone apgld@kiponent species
concentrations. As discussed in the Air Qyaiitodeling TSD, we use the relative
predictions from the model by combining the 2005 bgss and each futwyear scenario
with speciated ambient air quality observations to determine the expected change in 2014
concentrations due to the rule. After qating this process, we then calculated annual
mean PMsand seasonal mean ozone air quality metrics as inputs to the health and welfare
C-R functions of the benefits analysis.

4.1.1.1Simulation Periods

For usen this benefits analysis, the simulation period modeled by CAMx included
separate fullyear application for each of the three emissions scenarios (i.e., 2005 base year
and the 2014 base case and 2014 control scenario).

4.1.1.2Air Quality Modeling Domain

5Given the focus of this rule on secondarily formed patrticles it is important to employ a Eulerian model such as
CAMx. 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 are best addressed
using an air quality model that employs an Eutegad model design.
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Although air quality estimate are provided for the entire U.S., the focus of our
analysis is on the Eastern U.S. since this is the geographic area of importance for this rule.
The areas modeled (i.e., modeling domains) are segmented into rectanglkardfieced to
as grid cells. The model actually predicts pollutant concentrations for each of these grid
cells. Our modeling for the East (referred to as the Eastern regional scale domain) was
performed at a horizontal resolution of 12 x 12 km. Modglor the remainder of the U.S.
(referred to as the national scale domain) was performed at a resolution of 36 x 36 km. The
national and regional scale modeling domains contain 14 vertical layers with the top of the
modeling domain at about 16,200 metersapproximately 100 mb. The Eastern domain is
nested within the National domain, as shown in Figudie 4
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Figure 4-1. National and Eastern U.S. air quality modeling domains.
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4.1.1.3Air Quality Model Inputs

CAMXx requires a variety of input files that contain information pertaining to the
modeling domain and simulation period. These include gridded yhemiksions estimates
and meteorological data, and initial and boundary conditions. Separate emissions inventories
were prepared for the 2005 base year and each fygarescenario. All other inputs were
specified for the 2005 base year model applicagiod remained unchanged for each future
year modeling scenario.

CAMXx requires detailed emissions inventories containing temporally allocated
emissions for each grckll in the modeling domain for each species being simulated. The
previously described annual emission inventories were preprocessed intereasheinpis
through the SMOKE emissions preprocessing system. Meteorological inputs reflecting 2005
conditions across the contiguous U.S. were derived from Version 5 of the Mesoscale Model
(MM5). These inputs included horizontal wind components (i.e., speedractah),
temperature, moisture, vertical diffusion rates, and rainfall rates for each grid cell in each
vertical layer. Details of the annual 2005 MM5 modeling are provided in the Air Quality
Modeling TSD.

The lateral boundary and initial species concentrations are provided by a three
dimensional global atmospheric chemistry and transport model (GE{EM). The lateral
boundary species concentrations varied with height and time (every 3 hours). Terrain
elevations and land use information were obtained from the U.S. Geological Survey database
at 10 km resolution and aggregated to the roughly 36 km horizontal resolution used for this
CAMx application. The development of model inputs is discussed in greaterimni¢tailAir
Quality Modeling TSD, which is available in the docket for this rule.

4.2 Results for PM sand Ozone
4.2.1 Converting CAMx PMsOutputs to Benefits Inputs

CAMx generates predictions of hourly R¥species concentrations for every grid.
The species include a primary fraction and several secondary particles (e.g., sulfates, nitrates,
and organics). Pbkis calculated as the sum of the primary and the secondary formed
particles. Futurgear estimtes of PM swere calculated using relative reduction factors
(RRFs) applied to 2005 ambient Pdspecies concentrations. Gridded fields of species
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concentrations were created by interpolating ambient data from thedpiliation network
and IMPROVE dta. The ambient data were interpolated to the 36 km and 12 km grid
resolutions.

The procedures for determining the RRFs are similar to those in EPA guidance for
modeling the PMis standard (EPA, 2007). This guidance recommends that model
predictions beised in a relative sense to estimate changes expected to occur in egach PM
species. The procedure for calculating future yeas Rhidlues is called the Modeled
Attainment Test Software (MATS). EPA used this procedure to estimate the ambient
impacts ofthe Transport Rule emissions controls. For the purposes of projecting future
PM, s concentrations for input to the benefits calculations, we applied the MATS procedure
using the base year 2005 modeling resultsesuth ofthe results from each of the 2Dhase
case and 2014 control scenario. In our application of MATS forsfb used temporally
scaled speciated PMmonitoring data from 2005 as the set of bgsar measured
concentrations. Temporal scaling is based on the ratios of ypoetitted Giture case Pl
species concentrations to the corresponding madelicted 2005 concentrations. Output
files from this process include both quarterly and annual mean iAbEs concentrations
which are then manipulated within SAS to produce a BenMAR iiilpicontaining 364
daily values (created by replicating the quarterly mean values for each day of the appropriate
season).

The MATS procedures documented in the Air Quality Modeling TSD are applicable
for projecting future nonattainment and maintenasitess and downwind receptor areas for
the transport analysis. Those procedures are similar as those performed for the PM benefits
analysis in Chapter 5 with the following exceptions:

1) The benefits analysis uses interpolated Pt&ta that cover all dhe grid cells in the
modeling domain, whereas the nonattainment analysis is performed at each ambient
monitoring site using measured RPMlata (only the species data are interpolated).

2) The benefits analysis is anchored by the interpolategs B&a from the single year of
2005, whereas the nonattainment analysis uses design values from-jreeep8riods (i.e.,
20032005, 20042006, and 2002007) at individual monitoring sites.

4.2.2PMy 5 Air Quality Results
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Table 41 summaries the projesd ambient Pis concentrations for the 2014 base
case and 2014 impacts associated with rule. This table includes the annual mean
concentrations averaged across all model grid cells in the East along with the average change
between the 2014 base and cohtoncentrations. We also provide the populatiaighted
average that better reflects the baseline levels and predicted changes for more populated
areas of the East. This measuhereforebetter reflects the potential benefits of these
predictedchanges through exposure changes to the affected populations. As shown, the
average annual mean concentrations o PAdross populated areas of the East declines by
roughly9 percent (00.6 ug/n?) in 2014. The populatieweighted average mean
concentation declined b percent (00.87pg/m®) in 2014. This indicates the rule generates
greater absolute air quality improvements in more populated, urban areas.

Table 41. Summary of Base Case P4 Air Quality and Changes Due to the Transport

Rule.
2014
L ntrol Percen
Statistic Base Case Cgats,g Ci?a(r:z; e’f‘
PMzs (ug/nr)
Minimum Annual Mean 1.84 1.84 0%
Maximum Annual Mean 19 19 0%
Average Annual Mean 7.3 6.7 9%
PopWeighted Average Annual Me&n 9.95 9.08 9%

#The percent change is defined as the control case value minus the base case value multiplied

negative value denotes an increase in, Pédncentration.

® Calculated by summing the product of the projected CAMx-geitipopulation and the estimated
concentration, for that gridell and then dividing by the total population.

Table 42 provides information on the populations in 2014 that will experience
improved PM air quality. Significant populations that live in areas with meaningful
reductions in annual mean B¥toncentrations resulting from the rule. As shown, in 2014,
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aboutl2percent of the U.S. population located in the modeling domain aretaedo
experience reductions of greater tHansug/m°. Furthermorenearly 30percent of this
population will benefit from reductions in annual mean,Bkbncentrations of greater than
1.25pug/m® and68 percent will live in areas with reductions okgter thar®.5ug/m°.

Table 4-2. Distribution of PM; s Air Quality Improvements Over Population in 2014
Due to the Transport Rule for the Eastern U.S.

Change in Annual Mean PM s 2014 PopulatioR
Concentrations (Hg/n?)
Ngmber Percent (%)

(millions)
-0.25>p RAMonc<0 6,594,134 2%
0= R4AConc 34,315378 11%
0 > gCdhd# 0.25

36,670,522 11%
0. 25 35Cqanc PMVD

27,463,668 9%
0.5 >;5@QncKIL75

43,099,722 13%
0. 75 3s5Cqgnc PIM

53,403,287 17%
1.0 >,5ConcKM.25

28,161,111 9%
1. 25 >»5Cagnc I

30,602,368 10%
1.5 >,5@QncXM75

21,163,369 7%
@ RMonc>1.75

39,290,133 12%
#The change is defined as the control case value minus the base case value.
® Population counts and percentages are for the fraction of the national population located in the east
state modeling domain (as shown in Figw®) £onsidered in modeling health benefits for the rule.
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4.2.3 Converting CAM)Outputs to FulSeason Profiles for Benefits Analysis

This study extracted hourly, surfalaer ozone concentrations for each grédl
from the standard CAMgutput file containing hourly average ozone values. These model
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 sesan®'’ The predicted changes in 0zone concentrations from the {ygare
base case to futuygear control scenario serve as inputs to the health and weHare C
functions of the benefits analysis (i.e., BenMAP).

To estimate ozoneelated health and Ware effects, fullseason ozone data are
required for every grid cell. 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 anddaled ozone predictions to interpolate hourly ozone
concentrations to a grid of 8 km by 8 km population-gedtls, and (2) we converted these
full-season hourly ozone profiles to an ozone measure of interest, such as the daily
average®™®

*The ozone season for this analysis is defined as-therih period from May to Septembégwever, to
estimate certain crop yield benefits, the modeling results were extended to include months outside the 5
month ozone season.

1" Based 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.

8 The 12 km grid squares contain the population data used reétidn benefits analysis model, BenMAP. See
Chapter 5 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.
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4.2.4 Ozone Air Quality Results

This section provides a summary of the predicted ambient ozone concentrations from
the CAMx model for the 2014 base case and changes associated with the Iolde43Ta
provides those ozone metrics for grid cells in the Eastern U.S. that enteRtfienCtions
for health benefits endpoints. The populategighted average reflects the baseline levels
and predicted changes for more populated areas of the n&tsmeasure, therefore, will
better reflect the potential benefits of these predicted changes through exposure changes to
these populations.

Table 4-3. Summary of CAMx Derived PopulationWeighted Ozone Season Air
Quality Metrics for Health Benefits Endpoints Due to the Transport Rule for the
Eastern U.S.

2014
Statistic® Base Cas¢ Change® PercenE
Change
PopulatiorWeighted Average (ppb)
Daily 8-Hour Average Concentration 44.85 0.09 0.2%

@This ozone metric is calculated at the CAMXx grill level for use in health effects estimates based on the results of
and temporal Voronoi Neighbor Averaging.

® The change is defined as the control case value minus the base case vajue fTfiee nt change i s
the fiBase Case, 0 and then multiplied by 100 to con\

¢ Calculated by summing the product of the projected CAMxggitlpopulation and the estimated CAMx gdelll
seasonal ozone concentration, and then dividing by the total population.

4.3  Visibility Degradation Estimates

Visibility degradation is often directly proportional to decreases in light transmittal in
the atmosphere. Scattering and absorption by both gases and particles decrease light
transmittance. To quantify changes in visibility, our analysis computestakghction
coefficient, based on the work of Sisler (1996), which shows the total fraction of light that is
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decreased per unit distance. This coefficient accounts for the scattering and absorption of
light by both particles and gases, and account@higher extinction efficiency of fine
particles compared to coarse particles. Fine particles with significanehgihttion

efficiencies include sulfates, nitrates, organic carbon, elemental carbon (soot), and soil
(Sisler, 1996).

Based upon the lighextinction coefficient, we also calculated a unitless visibility
index, called a fideciview, 0 which is used in
provides a scale for perceived visual changes over the entire range ofocmdiibm clear
to hazy. Under many scenic conditions, the average person can generally perceive a change
of one deciview. The higher the deciview value, the worse the visibility. Thus, an
improvement in visibility is a decrease in deciview value.

Table 44 provides the visibility improvementsieasured in annual average
deciviews, expected to occur in the Eastern and Western U.S. As shown, Class | visibility
regions in the Eastern U.S., including such regions as the Great Smoky Mountains and
Shenadoah, are expected to see significant improvements in visibility. By 2014, such
regions in the Eastern U.S. are expected to see improvements afsdeciview (1
percent), and such regions in the Western U.S. are expected to see improvements of over
0.02deciviews (or less thahpercent).

Table 4-4. Summary of Basecase Recreational Visibility and Changes by Region:
(annual average deciviews)

2014
Change in Percent
I . Base Case Annual Change in
Class | Visibility Regions (Deciviews) Average Annual
(Deciviews)  Average (%)
Eastern US 14.84 1.57 11.0
Western US 9.09 0.02 <1
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Chapter 5

Benefits Analysis &ad Results

Synopsis

This chapter contains a subset of the estimated health and welfare benefits of the
Transport Rule remedy in 2014. This rule is expected to yield significant reductions in SO
and NQ from EGUs, which in turn would lower overall ambient levels of,BEhd ozone
across much of the eastern U.S. In this chapter we quantify the health and welfare benefits
resulting from these air quality improvements.

We estimate the monetized benefitste selected remedy to beZibillion to $280
billion at a 3% discount rate and Hlbillion to $250 billion at a 7% discount rate in 2014.
The benefits of the more and less stringent alternatives may be found in the dstefit
comparison chapter. Mestimates are in 2007$. We estimate the benefits of the selected
remedy using modeled changes in ambient pollution concentrations while the benefits of the
more and less stringent remedies are based on a benefit per ton approach described below.
This berefits analysis accounts for both decreases and increases in emissions across the
country. These estimates omit the benefits from several important categories, including
ecosystem benefitenercury benefitsand the direct health benefits from reducing expe
to NO, and SQdue to time constraints.

The estimated benefits of this rule are substantial, particularly when viewed within
the context of the total public health burden of;RBlEind ozone air pollution. A recent EPA
analysis estimated that 2005 é&¢v of PMy s and ozone were responsible for between 130,000
and 320,000 PWe-related and 4,700 ozomelated premature deaths, or about 6.1% of total
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deaths from all causes in the continental U.S. (Fann et al. 2011). This same analysis
attributed almost@0,000 norfatal heart attacks, 90,000 hospital admissions due to
respiratory or cardiovascular illness and 2.5 million cases of aggravated asthma among
children-among many other impacts. We estimate the Transport Rule to reduce the number
of PM, srelated premature deaths in 2014 by betwe8/®Q0 and 3,000, 5,000 nonrfatal

heart attacksg,700 fewer hospital admissions a#d),000 fewer cases of aggravated

asthma. By 2014, in combination with other federal and state air quality actions, the
Transport Rile will address a substantial fraction of the total public health burden gf PM

and ozone air pollution.

EPA expects greater emission reductions due to this rule in 2012 than in 2014, due to
substantial emission reductions expected to occur in tharmagiet., unrelated to the
Transport Rule) between those years. As a result, we anticipate that the avoided health
impacts and monetized benefits would also be greater in 2012, though we have not calculated
these estimates for this analysis.

Appendix Ato thisRIA contains an assessment of the distribution of health benefits
among different populations. In this analysis, we considered the level of rRdftality risk
according to the race, income and educational attainment of the population befafterand
the implementation of the Transport Rule. We found those populations whaese PM
mortality risk was before the implementation of the rule received the greatest risk reduction
from the Transport Ruée irrespective of the race of the population. We &smd that
populations with lower levels of educational attainment, an attribute that may be associated
with increased vulnerability to PR45 mortality risk, also received a significant reduction in
risk.

Finally, Appendix E provides an alternate preagan of the benefits as an attempt to
i ncorporate the recommend a tGuidelinss for Prepannge P A 6 s
Economic AnalysefJ.S. EPA, 2010).

5.1 Overview

This chapter contains a subset of the estimated health and welfare bérleétselected
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and alternate rule remedies for the Transport Rule in 2014. The Transport Rule is expected to
yield significant aggregate reductions in #@d NQ from EGUs, which in turn would

lower overall ambient levels of Pand ozone across much of the eastern U.S. To perform
this analysis, EPA followed an approach that is generally consistent with the proposal
Transport Rule analysis, with the exception of the baseline incidence rates that are an input
into the health impacalculation for PMsand ozone health outcomes. These updated rates

are both more current and provide better spatial resolution in many areas of the U.S. As we
describe in section 5.4 below, these updated data are likely to yield a better overaiestima

of PM and ozoneelated health impacts.

The analysis in this chapter aims to characterize the benefits of the selected remedy by
answering two key questions:

1. What are the health and welfare effects of changes in ambient particulate matter
(PM_5) andozone air quality resulting from reductions in precursors includibg
and SQ?

2. What is the economic value of these effects?

In this analysis we consider an array of health and welfare impacts attributable to
changes in PMs and ozone air quality. The 2009 PMntegrated Science Assessment (U.S.
EPA, 2009d) and the 2006 ozone criteria document (U.S. EPA, 2006a) identify the human
health effects associated with these ambient pollutants, which include premature mortality
anda variety of morbidity effects associated with acute and chronic exposures. PM welfare
effects include visibility impairment and materials damage. Ozone welfare effects include
damages to agricultural and forestry sectors, W€lfare effects include aquatand
terrestrial acidification and nutrient enrichment (U.S. EPA, 2008f), vigfare effects
include aquatic and terrestrial acidification and increased mercury methylation (U.S. EPA,
2008f). Though models exist for quantifying these ecosystem impiactsand resource
constraints precluded us from quantifying most of those effects in this analysis.

Table 51 summarizes the total monetized benefits ofitid Transport Ruleemedy
in 2014. This table reflects the economic value of the changdin &d ozoneelated
human health impacts occurring as a result of the Transport Rule.

Table 52 summarizes the human health and welfare benefits categories contained
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within the primary benefits estimate, those categories that were unquantified ithiéstb |
data or time.

Table ?1: Estimated monetized benefits of the final Transport Rule remedy (billions of
2007%

Outside
Within Transport Transport
Benefits Estimate Regior? Region Total
Pope et al. (2002) PM mortality and Bell et al. (2004) ozone mortality estimates
Using a 3% discount $110 +B $0.28+B $120 +B
rate ($8.89 $340) ($0.018 $09) ($148 $350)
Using a 7% discount $100+B $0.25+B $110+B
rate ($80 $310) ($0.015 $0385) ($135 $320)

Laden et al. (2006) PM mortality and Levy et al. (2005) ozone mortality estimate

Using a 3% discount $270 +B $07 +B $280 +B

rate ($240 $800) ($0050 $021) ($290 $810)

Using a 7% discount $250 +B $06+B $250 +B

rate ($220 $720) ($0.040 $1.9) ($260 $730)
AFornotationabur poses, unqguantified benefits are

additional monetary benefits and disbenefits. Data limitations prevented us from quantifying the
endpoints, and as such, these benefits are inherently more uncertairo#ieanethefits that we were
able to quantify. A detailed listing of unquantified health and welfare effects is provided in Table
Estimates here are subject to uncertainties discussed further in the body of the doé&istimates
include the value of O,-related benefits and the monetized benefits of visibility improvements in
Class | areas.

B Rounded to two significant figures.

The benefits analysis in this chapter relies on an array of datadnpatsding air
guality modeling, health impact futiens and valuation estimates among otbesdich are
themselves subject to uncertainty and may also in turn contribute to the overall uncertainty in
this analysis. As a means of characterizing this uncertainty we employ two primary
techniques. First, we asMonte Carlo methods for characterizing random sampling error
associated with the concentration response functions from epidemiological studies and
economic valuation functions. Second, because this characterization of random statistical
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error may omit irportant sources of uncertainty we also employ the results of an expert
elicitation on the relationship between premature mortality and ambiery édvicentration

(Roman et al., 2008); this provides additional insight into the likelihood of different

outcanes and about the state of knowledge regarding the benefits estimates. Both approaches
have different strengths and weaknesses, which are fully described in Chapter 5 of the PM
NAAQS RIA (U.S. EPA, 2006).

Given that reductions in premature mortality dorterthe size of the overall
monetized benefits, more focus on uncertainty in mortadilted benefits gives us greater
confidence in our wuncertainty characterizatd.i
including the 2008 Ozone NAAQS RIA (U.S. EP2008a) contained a suite of sensitivity
analyses, only some of which we include here due in part to time constraints. In particular,
these analyses characterized the sensitivity of the monetized benefits to the specification of
alternate cessation lagad income growth adjustment factors. The estimated benefits
increased or decreased in proportion to the specification of alternate income growth
adjustments and cessation lags, making it possible for readers to infer the sensitivity of the
results in thiRRIA to these parameters by referring to the PM NAAQS RIA (2006d) and
Ozone NAAQS RIA (2008a).

For example, the use of an alternate lag structure would change thedtaed
mortality benefits discounted at 3% discounted by between 10.4%2af6t when
discounted at 7%, these benefits change by between 3194%d\When applying higher
and lower income growth adjustments, the monetary value gt BMl ozonaelated
premature changes between 30% drfi¥o; the value of chronic endpoints change between
5% and-2% and the value of acute endpoints change between 698%nd

Below we include a new analysis (Figuee$9 and5-20) in which we bin the
estimated number of avoided RPMrelated premature mortalities resulting from the
implementation of th@ransport Rule according to the projected 2014 baseling; Biv
quality levels. This presentation is consistent with our approach to applyingriRdiftality
risk coefficients that have not been adjusted to incorporate an assumed thrékleolery
large proportion of the avoided Ridlated impacts we estimate in this analysis occur among
populations exposed at or above the LML of each study, increasing our confidence in the PM
mortality analysis. Approximatel§9% of the avoided impacts aacat or above an annual
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mean PMs level of 10 pg/m (the LML of the Laden et al. 2006 study); abo6¥®occur at
or above an annual mean PMevel of 7.5 pg/m(the LML of the Pope et al. 2002 studly).
As we model mortality impacts among populationscsaal to levels of Py4 that are
successively lower than the LML of each study our confidence in the results diminishes.
However, the analysis below confirms that the great majority of the impacts occur at or
above each studyds LML.
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Table 52: Human Health and Welfare Effects of Pollutants Affected by the Transport

Rule
E?fgléttam/ Quantified and monetized in base estimate Unquantified
Premature mortality based on cohort study Low birth weight, preterm birth and other reproductiv
estimate%andexpert elicitation estimate outcomes
Hosp|tal admissions: respiratory and Pulmonary function
cardiovascular
- Chronic respiratory diseases other than chronic
Emergency room visits for asthma b i~
ronchitis
Nonfatal heart attacks (myocardial . -
) . Norrasthma respiratory emergency room visits
PM: infarctions) . _
a Lower and upper respiratory illness UVb exposure (+)°
health . . =
Minor restricted activity days
Work loss days
Asthma exacerbations (among asthmatic
populations
Respiratory symptoms (among asthmatic
populations)
Infant mortality
Household soiling
Visibility in Class | areas in SE, SW, and C Visibility in residential areas
PM: regions Visibility in non-class | areas and classrkas in NW,
welfare NE, and Central regions
UVb exposure (+)°
Global climate impacts
Premature mortality based on shtatm . :
) Chronic respiratory damage
study estimates
Ozone: Hospital admissions: respiratory Premature aging of the lungs
health Emergency room visits for asthma Non-asthma respiratory emergency room visits
Minor restricted activity days UVb exposure (+)°
School loss days
Yields for:
--Commercial forests
Decreased outdoor worker productivity --Fruits andvegetables, and
Ozone: --Other commercial and noncommercial crops
welfare Damage to urban ornamental plants
Recreational demand from damaged forest aestheti
Ecosystem functions
UVb exposure (+)°
Climate impacts
Respiratory hospitaddmissions
Respiratory emergency department visits
NO.: Asthma exacerbation
health Acute respiratory symptoms
Premature mortality
Pulmonary function
Commercial fishing and forestry from acidic depositi
effects
) Commercial fishingagriculture and forestry from
NOx: . o
nutrient deposition effects
welfare

Recreation in terrestrial and estuarine ecosystems fi
nutrient deposition effects
Other ecosystem services and existence values for
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currently healthy ecosystems
Coastal eutrophication fromitrogen deposition effects

Respiratory hospital admissions
Asthma emergency room visits
SO Asthma exacerbation
health Acute respiratory symptoms
Premature mortality
Pulmonary function

Commercial fishing and forestry froatidic deposition
effects

\?va?ére Recreation in t(_errestrial and aquatic ecosystems frol
acid deposition effects
Increased mercury methylation
Incidence of neurological disorders
Mercury: Incidence of learning disabilities
health Incidences irdevelopmental delays
Impact on birds and mammals (e.g. reproductive
Mercury: effects)
welfare Impacts to commercial, subsistence and recreatione

fishing

A In addition to primary economic endpoints, there are a number of biological responses that have been ass
with PM health effects including morphological changes and altered host defense mechanisms. The public
impact of these biological respges may be partly represented by our quantified endpoints.

B Cohort estimates are designed to examine the effects of long term exposures to ambient pollution, but rele
estimates may also incorporate some effects due to shorter term exposures (see Kunzli efal.a 28ussion
of this issue). While some of the effects of short term exposure are likely to be captured by the cohort estim.
there may be additional premature mortality from short term PM exposure not captured in the cohort estima
included in the primary analysis.

€ May result in benefits or disbenefits.

5.2 Benefits Analysis Methods

We foll owfanddamageapproach in calculating
changes in environmental quality. This approach estimates changes in individual health and
welfare endpoints (specific effects that can be associated with changes in air quality) and assigns
values to those changes assuming independence of the individual values. Total benefits are
calculated simply as the sum of the values for alloeerlapping kalth and welfare endpoints.
The fdfaumagtei ono approach is the standard met hc
environmental quality programs and has been used in several recent published analyses (Levy et
al., 2009; Hubbell et al., 2009; Tagartsa&, 2009).

To assess economic value in a dargetion framework, the changes in environmental
quality must be translated into effects on people or on the things that people value. In some
cases, the changes in environmental quality can be diredtlgd; as is the case for changes in

79



visibility. In other cases, such as for changes in ozone and PM, a health and welfare impact
analysis must first be conducted to convert air quality changes into effects that can be assigned
dollar values.

For the purposes of this RIA, the health impacts analysis (HIA) is limited to those health
effects that are directly linked to ambient levels of air pollution and specifically to those linked to
ozone and PM. There may be other, indirect health impassiated with implementing
emissions controls, such as occupational health impacts for coal miners.

The welfare impacts analysis is limited to changes in the environment that have a direct
impact on human welfare. For this analysis, we are limiteddwgvhilable data to examine
impacts of changes in visibility in Class 1 areas. We also provide qualitative discussions of the
impact of changes in other environmental and ecological effects, for example, changes in
deposition of nitrogen and sulfur totestrial and aquatic ecosystems, but we are unable to place
an economic value on these changes due to time and resource limitations.

We note at the outset that EPA rarely has the time or resources to perform extensive new
research to measure directly eitliee health outcomes or their values for regulatory analyses.
Thus, similar to Kunzli et al. (2000) and other recent health impact analyses, our estimates are
based on the best available methods of benefits transfer. Benefits transfer is the sciartice and
of adapting primary research from similar contexts to obtain the most accurate measure of
benefits for the environmental quality change under analysis. Adjustments are made for the level
of environmental quality change, the sedemographic and ecomic characteristics of the
affected population, and other factors to improve the accuracy and robustness of benefits
estimates.

5.2.1 Health Impact Assessment

The Health Impact Assessment (HIA) quantifies the changes in the incidence of adverse
healthimpacts resulting from changes in human exposure tgsRRNd ozone air quality. HIAs
are a weHestablished approach for estimating the retrospective or prospective change in adverse
health impacts expected to result from populatexel changes in expoee to pollutants (Levy
et al. 2009). Pdased tools such as the environmeBgiefitsMapping andAnalysisProgram
(BenMAP) can systematize health impact analyses by applying a database of key input
parameters, including health impact functions and @djoul projections. Analysts have applied
the HIA approach to estimate human health impacts resulting from hypothetical changes in
pollutant levels (Hubbell et al. 2005; Davidson et al. 2007, Tagaris et al. 2009). EPA and others
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have relied upon this methaal predict future changes in health impacts expected to result from
the implementation of regulations affecting air quality (U.S. EPA, 2008a).

The HIA approach used in this analysis involves three basic steps: (1) utilizing-CAMx
generated projections oMB s and ozone air quality and estimating the change in the spatial
distribution of the ambient air quality; (2) determining the subsequent change in poplaagion
exposure; (3) calculating health impacts by applying concentreggponse relationshigsawn
from the epidemiological literature (Hubbell et al. 2009) to this change in population exposure.

A typical health impact function might look as follows:
Ay =y, - (eF2* - 1) - Pop

whereypis the baseline incidence rate for the health endpeinty quantified (for
example, a health impact function quantifying changes in mortality would use the baseline, or
background, mortality rate for the given population of inter€ijsis the population affected by
the change in air qualithxisthece nge i n air quality; and b is
from the epidemiological study. Tools such as BenMAP can systematize the HIA calculation
process, allowing users to draw upon a library of existing air quality monitoring data, population
data andhealth impact functions.

Figure 51 provides a simplified overview of this approach.
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Figure 5-1: lllustration of BenMAP Approach
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5.2.2 Economic Valuation of Health Impacts

After quantifying the change in adverse health impacts, the final step is to estimate the
economic value of these avoided impacts. The appropriate economic value for a change in a
health effect depends on whether the health effect is viewadte(beforethe effect has
occurred) oex post(after the effect has occurred). Reductions in ambient concentrations of air
pollution generally lower the risk of future adverse health effects by a small amount for a large
population. The appropriate economic measathereforeex antéWillingness to Pay (WTP) for
changes in risk. However, epidemiological studies generally provide estimates of the relative
risks of a particular health effect avoided due to a reduction in air pollution. A convenient way to
use this dta in a consistent framework is to convert probabilities to units of avoided statistical
incidences. This measure is calculated by dividing individual WTP for a risk reduction by the
related observed change in risk. For example, suppose a measurdagadiee the risk of
premature mortality from 2 in 10,000 to 1 in 10,000 (a reduction of 1 in 10,000). If individual
WTP for this risk reduction is $100, then the WTP for an avoided statistical premature mortality
amounts to $1 million ($100/0.0001 changeisk). Using this approach, the size of the affected
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population is automatically taken into account by the number of incidences predicted by
epidemiological studies applied to the relevant population. The same type of calculation can
produce values fastatistical incidences of other health endpoints.

For some health effects, such as hospital admissions, WTP estimates are generally not
available. In these cases, we use the cost of treating or mitigating the effect as a primary
estimate. For example,rfthe valuation of hospital admissions we use the avoided medical costs
as an estimate of the value of avoiding the health effects causing the admission. These cost of
iliness (COI) estimates generally (although not in every case) understate the trusd value
reductions in risk of a health effect. They tend to reflect the direct expenditures related to
treatment but not the value of avoided pain and suffering from the health effect.

We use the BenMAP model (Abt Associates, 2008) to estimate the healthsrapdc
monetized health benefits for theeferredremedy. Figure 2 below shows the data inputs and
outputs for the BenMAP model.
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Figure 5-2: Data inputs and outputs for the BenMAP model
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5.2.3 Benefit Peifon Estimates

Benefit perton (BPT) estimates quantify the health impacts and monetized human health
benefits of an incremental change in air pollution precursor emissions. In situations when we are
unable to perform air quality modeling because of resource or time constraints, this approach can
provide a reliable estimate of the benefits of emission reduction scenarios. EPA has used the
benefit pefton technique in previous RIAs, including the red@abne NAAQS RIA (U.S. EPA,
2008) and N@QNAAQS RIA (U.S. EPA, 2010b). Time constraints prevented the Agency from
modeling the air quality changes resulting from e the more and less stringesa@B@nd so we
estimate a subset of these health benefitgyuRM, s benefit pefton estimates. The assessment
of the alternate scenarios omits ozoakated benefits for two reasons. First, the overall level of
ozonerelated benefits in the modeled case is relatively small compared to those associated with
PM, s reductions (see table® below), due in part to the fairly modest summer timg NO
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emission reductions under this scenario. The level of summertimemiSsion reductions of

the alternate scenarios are very similar to the modeled scenario, suggesting timaission of
ozonerelated impacts would not greatly influence the overall level of benefits. Second, the
complex noAinear chemistry of ozone formation introduces uncertainty to the development and
application of a benefit per ton estimate. Takagetber, these factors argued against developing
an ozone benefit per ton estimate for this RIA.

For this analysis, EPA applies B¥BPT estimates that are methodologically consistent
with those reported in Fann et al. (2009), but have been adjustisfanalysis to better match
the spatial distribution of air quality changes projected for the Transport Rule. To derive the BPT
estimates for this analysis, we:

1. Quantified the PMs-related human and monetized health benefits of theeBi3sion
reductons of the proposed remed¥e first quantified the health impacts and monetized
benefits of total PMs mass formed from the S@ductions of the proposed remedy,
allowing us to isolate the PM air quality impacts from,®&luctions alon&’This
procedure allowed us to develop PMBPT estimates that quantified the Pielated
benefits of incremental changes in SfMmissions. Because reductions in,Dissions
are relatively small in each scenario, and previous EPA modeling indicates that PM
formation is less sensitive to N®mission reductions on a peg/n? basis (Fann et al,
2009), we did not quantify the N@elated PM s changes.

2. Divided the health impacts and monetized benefits by the emission redtibison.
calculation yields BPTstimates for PMrelated SQ

The resulting BPT estimates were then multiplied by the projecte@i&iSsion reductions
for the more and less stringent scenarios to produce an estimate of-thadPdkonaelated
health impacts and monetized benefits.r€hs no analogous approach for estimating a BPT for

D The Transport Rule includes both $@nd NOx emissions reductions. In genera} B@ precursor to particulate
sulfate and NOXx is a precursor to particulate nitrate. However, there are also several interactions betwegn the PM
precursors which cannot be dasjuantified. For example, under conditions in which, &9els are reduced by a
substantial margin, "nitrate replacement” may occur. This occurs when particulate ammonium sulfate
concentrations are reduced, thereby freeing up excess gaseous amrhereacebs ammonia is then available to
react with gaseous nitric acid to form particulate nitrate. The impact of nitrate replacement is also affected by
concurrent NOx reductions. NOx reductions can lead to decreases in nitrate, which competes witksh@pH

nitrate replacement. NOx reductions can also lead to reductions in photochenrpoadbgts which can reduce

both particulate sulfate and secondary organic carbon PM concentrations. Due to the complex nature of these
interactions, EPA perforngea sensitivity modeling analysis in which only Sfnissions were reduced levels that
approximated those of the selected remedie calculated benefits from this air quality modeling run to generate an
SO,-only benefit per ton estimate. The resuftshe SQ-only sensitivity run may be found in tB#A Benefits

TSD [Docket No. EPAHQ-OAR-20100491]
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visibility, and so the benefits of the alternative remedies omit this important monetized benefit.

5.3 Uncertainty Characterization

In any complex analysis using estimated parameters and inputsdiraerous models,
there are likely to be many sources of uncertainty and this analysis is no exception. As outlined
both in this and preceding chapters, many inputs were used to derive the estimate of benefits for
the proposed remedy, including emissioveintories, air quality models (with their associated
parameters and inputs), epidemiological health effect estimates, estimates of values (both from
WTP and COlI studies), population estimates, income estimates, and estimates of the future state
of the worl (i.e., regulations, technology, and human behavior). Each of these inputs may be
uncertain and, depending on its role in the benefits analysis, may have a disproportionately large
impact on estimates of total benefits. For example, emissions estaratesed in the first stage
of the analysis. As such, any uncertainty in emissions estimates will be propagated through the
entire analysis. When compounded with uncertainty in later stages, small uncertainties in
emission levels can lead to large imgaah total benefits.

The National Research Council (NRC) (2002, 2008) highlighted the need for EPA to
conduct rigorous quantitative analysis of uncertainty in its benefits estimates and to present these
estimates to decision makers in ways that fostepprogriate appreciation of their inherent

uncertainty. I n general, the NRC concluded th
benefits of reducing air pollution is reasonable and informative in spite of inherent uncertainties.
Since the publicaton of these reports, EPAOGs Office of

make progress toward the goal of characterizing the aggregate impact of uncertainty in key
modeling elements on both health incidence and benefits estimates in two key ways: Monte
Carlo analysis and expederived concentratieresponse functions. In this analysis, we use both
of these two methods to assess uncertainty quantitatively, as well as provide a qualitative
assessment for those aspects that we are unable to addresatipentit

First, we used Monte Carlo methods for characterizing random sampling error associated
with the concentration response functions from epidemiological studies and random effects
modeling to characterize both sampling error and variability atihessconomic valuation
functions. Monte Carlo simulation uses random sampling from distributions of parameters to
characterize the effects of uncertainty on output variables, such as incidence of premature
mortality. Specifically, we used Monte Carlo medsdo generate confidence intervals around
the estimated health impact and dollar benefits. The reported standard errors in the
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epidemiological studies determined the distributions for individual effect estimates.

Second, because characterization of randtatistical error omits important sources of
uncertainty (e.g., in the functional form of the m@delg., whether or not a threshold may
exist), we also incorporate the results of an expert elicitation on the relationship between
premature mortality andabient PM s concentration (Roman et al., 2008). Use of the expert
elicitation and incorporation of the standard errors approaches provide insights into the
likelihood of different outcomes and about the state of knowledge regarding the benefits
estimatesHowever, there are significant unquantified uncertainties present in upstream inputs
including emission and air quality. Both approaches have different strengths and weaknesses,
which are fully described in Chapter 5 of the PM NAAQS RIA (U.S. EPA, 2006).

In benefit analyses of air pollution regulations conducted to date, the estimated impact of
reductions in premature mortality has accounted for 85% to 95% of total monetized benefits.
Therefore, it is particularly important to attempt to characterizerloertainties associated with
reductions in premature mortality. The health impact functions used to estimate avoided
premature deaths associated with reductions in ozone have associated standard errors that
represent the statistical errors around theatféstimates in the underlying epidemiological
studies. In our results, we report credible intervals based on these standard errors, reflecting the
uncertainty in the estimated change in incidence of avoided premature deaths. We also provide
multiple estinates, to reflect model uncertainty between alternative study designs.

For premature mortality associated with exposure to PM, we follow the same approach
used in the RIA for 2006 PM NAAQS (U.S. EPA, 2006), presenting two empirical estimates of
prematuredeaths avoided, and a set of twelve estimates based on results of the expert elicitation
study. Even these multiple characterizations, including confidence intervals, omit the
contribution to overall uncertainty of uncertainty in air quality changes,ibasetidence rates,
populations exposed and transferability of the effect estimate to diverse locations. Furthermore,
the approach presented here does not yet include methods for addressing correlation between
input parameters and the identification adsenable upper and lower bounds for input
distributions characterizing uncertainty in additional model elements. As a result, the reported
confidence intervals and range of estimates give an incomplete picture about the overall
uncertainty in the estimateshis information should be interpreted within the context of the
larger uncertainty surrounding the entire analysis.

In 2006 the EPA requested an NAS study to evaluate the extent to which the epidemiological
literature to that point improved the undenstmg of ozoneelated mortality. The NAS found
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that shortterm ozone exposure was likely to contribute to ozeteted mortality (NRC, 2008)
and issued a series of recommendations to EPA, including that the Agency should:

1. Present multiple sheterm ozom mortality estimates, including those based on multi
city analyses such as the National Morbidity, Mortality and Air Pollution Study
(NMMAPS) as well as metanalytic studies.

2. Report additional risk metrics, including the percentage of baseline moatiaibutable
to shortterm exposure.

3. Remove reference to a4vausal relationship between ozone exposure and premature
mortality.

The quantification and presentation of ozoakted premature mortality in this chapter
is responsive to these NRC recommeendi ons and generally consi stei
reconsideration analysis (U.S. EPA, 2010a).

Some key sources of uncertainty in each stage of both the PM and ozone health impact
assessment are the following:

e gaps in scientific data and inquiry;

e variability in estimated relationships, such as epidemiological effect estimates, introduced
through differences in study design and statistical modeling;

e errors in measurement and projection for variables such as population growth rates;

e errors due to mepecification of model structures, including the use of surrogate
variables, such as using RPjMvhen PM sis not available, excluded variables, and
simplification of complex functions; and

e Dhiases due to omissions or other research limitations.

In Table 53 we summarize some of the key uncertainties in the benefits analysis.
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Table 53. Primary Sources of Uncertainty in the Benefits Analysis

. UncertaintieAssociated with Impact Functions

- The value of the ozone or PM effect estimate in each impact function.

- Application of a single impact function to pollutant changes and populations in all locations.

- Similarity of futureyear impact functions to current imgt functions.

- Correct functional form of each impact function.

- Extrapolation of effect estimates beyond the range of ozone or PM concentrations observed in t
source epidemiological study.

- Application of impact functions only to those subpopulatioascimnng the original study population.

. Uncertainties Associated with CANodeled Ozone and PM Concentrations

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

- Projections of future levels of precursmissions, especially ammonia and crustal materials.

- Lack of ozone and P4 monitors in all rural areas requires extrapolation of observed ozone data
urban to rural areas.

. Uncertainties Associated with PM Mortality Risk

- Limited scientific liteature supporting a direct biological mechanism for observed epidemiologice
evidence.

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

- The extent to which adverse health effects are associated wiHkvelhexposures that cgr many
times in the year versus peak exposures.

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

- Reliability of the PM s monitoring data in reflecting actual BMexposures.

. Uncertainties Associated with Possible Lagged Effects

- The portion of the PMelated longterm exposure mortality effects associated with changes in ann
PM levels that would occur insangle 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 thei
may nd accurately represent the actual locatpecific rates.

- Current baseline incidence rates may not approximate well baseline incidence rates in 2014.

- Projected population and demographics may not represent well-figargopulation and
demographics.

. Uncertainties Associated with Economic Valuation

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

- Mean WTP (in constant dollars) for each type of resttuction may differ from current estimates
because of differences in income or other factors.

. Uncertainties Associated with Aggregation of Monetized Benefits

- Health and welfare benefits estimates are limited to the available impact functions. Thus,
unquantified or unmonetized benefits are not included.
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5.4 Benefits Analysis Data Inputs

In Figure 52, we summarized the key data inputs to the health impact and economic
valuation estimate. Below we summarize the data sources for each ahfheseincluding
demographic projections, effect coefficients, incidence rates and economic valuation. We
indicate where we have updated key data inputs since the 2005 CAIR benefits analysis.

5.4.1 Demographic Data

Quantified and monetized human heaitipacts depend on the demographic characteristics
of the population, including age, location, and income. We use projections based on economic
forecasting models developed by Woods and Poole, Inc (Woods and Poole, 2008). The Woods
and Poole (WP) databasontains countievel projections of population by age, sex, and race
out to 2030. Projections in each county are determined simultaneously with every other county
in the United States to take into account patterns of economic growth and migratissunTog
growth in countylevel populations is constrained to equal a previously determined national
population growth, based on Bureau of Census estimates (Hollman et al., 2000). According to
WP, linking countylevel growth projections together and coasting to a nationalevel total
growth avoids potential errors introduced by forecasting each county independently. County
projections are developed in a featage process:

1. First, nationalevel variables such as income, employment, and populatiens a
forecasted.

2. Second, employment projections are made for 172 economic areas defined by the Bureau
of Economic Anal yxais®e,0 wmypipmr g aarh , i ewhpg crht r el i
industriatsector production of nelocally consumed production items, Buas outputs
from mining, agriculture, and manufacturing with the national economy. The export
based approach requires estimation of demand equations or calculation of historical
growth rates for output and employment by sector.

3. Third, population is mjected for each economic area based on net migration rates
derived from employment opportunities and following a celsorhponent method based

on fertility and mortality in each area.

4. Fourth, employment and population projections are repeated foreguwmiing the
economic region totals as bounds. The age, sex, and race distributions for each region or
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county are determined by aging the population by single year of age by sex and race for
each year through 2014 based on historical rates of mortalityity, and migration.

5.4 .2Effect Coefficients

The first step in selecting effect coefficients is to identify the health endpoints to be
guantified. We base our selection of health e
Science Assessments (which replace the Criteria Document), with inpui\daoe fiom the
EPA Science Advisory BoardHealth Effects Subcommittee (SABES), a scientific review
panel specifically established to provide advice on the use of the scientific literature in
developing benefits analyses for air pollution regulatiottp:(hwww.epa.gov/sab/). In general,
we follow a weight of evidence approach, based on the biological plausibility of effects,
availability of concentratiomesponse functions from well conducted pesiiewed
epidemiological studies, cohesiveness of tssadross studies, and a focus on endpoints
reflecting public health impacts (like hospital admissions) rather than physiological responses
(such as changes in clinical measures like Forced Expiratory Volume (FEV1)).

There are several types of data theat support the determination of types and magnitude
of health effects associated with air pollution exposures. These sources of data include
toxicological studies (including animal and cellular studies), human clinical trials, and
observational epidemiolggstudies. All of these data sources provide important contributions to
the weight of evidence surrounding a particular health impact. However, only epidemiology
studies provide direct concentratiogsponse relationships which can be used to evaluate
popuation-level impacts of reductions in ambient pollution levels in a health impact assessment.

For the dataderived estimates, we relied on the published scientific literature to ascertain
the relationship between PM and adverse human health effects. We evaluated epidemiological
studies using the selection criteria summarized in TadleThese cteria include consideration
of whether the study was pemviewed, the match between the pollutant studied and the
pollutant of interest, the study design and location, and characteristics of the study population,
among other considerations. The selectib@-R functions for the benefits analysis is guided by
the goal of achieving a balance between comprehensiveness and scientific defensibility. In
general, the use of results from more than a single study can provide a more robust estimate of
the relatioship between a pollutant and a given health effect. However, there are often
differences between studies examining the same endpoint, making it difficult to pool the results
in a consistent manner. For example, studies may examine different pollutaiffesrenidage
groups. For this reason, we consider very carefully the set of studies available examining each
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endpoint and select a consistent subset that provides a good balance of population coverage and
match with the pollutant of interest. In many casdther because of 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 effect estimate.
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Table 54. Criteria Used when Selecting GR functions

Consideration

Comments

PeerReviewed Peerreviewed research is preferred to research that has not undergone tevigeer
Research process.

Among studies that consider chronic exposure (e.g., over a year or longer), prospec
Study Type cohort studies are preferred over ecological studies because they control for importe

individuallevel confounding variables that cannot be controlled for in ecabsgiadies.

Study Period

Studies examining a relatively longer period of time (and therefore having more date
preferred, because they have greater statistical power to detect effects. More recen
studies are also preferred because of possitaages in pollution mixes, medical care,
and lifestyle over time. However, when there are only a few studies available, studit
from all years will be included.

Population Attributes

The most technically appropriate measures of benefits would be bageagarct functions
that cover the entire sensitive population but allow for heterogeneity across age or @
relevant demographic factors. In the absence of effect estimates specific to age, se
preexisting condition status, or other relevant factoraaly be appropriate to select effe
estimates that cover the broadest population to match with the desired outcome of tl
analysis, which is total nationdvel health impacts. When available, mity studies
are preferred to single city studies hese they provide a more generalizable
representation of the-R function.

Study Size

Studies examining a relatively large sample are preferred because they generally he
more power to detect small magnitude effects. A large sample can be obtaingdtah s
ways, either through a large population or through repeated observations on a small
population (e.g., through a symptom diary recorded for a panel of asthmatic childrer

Study Location

U.S. studies are more desirable than-o8. studies becausé potential differences in
pollution characteristics, exposure patterns, medical care system, population behavi
lifestyle.

Pollutants Included in
Model

When modeling the effects of ozone and PM (or other pollutant combinations) jointly
important to use properly specified impact functions that include both pollutants. Us
single-pollutant models in cases where both pollutants are expected to affect a healt
outcome can lead to doubdeunting when pollutants are correlated.

Measure oPM

For this analysis, impact functions based orn, Pate preferred to P\ because of the
focus on reducing emissions of RMprecursors, and because air quality modeling was
conducted for this size fraction of PM. Where R¥unctions are not availddy, PM,,
functions are used as surrogates, recognizing that there will be potential downward
(upward) biases if the fine fraction of RjMis more (less) toxic than the coarse fraction.

Economically
Valuable Health
Effects

Some health effects, such ascked expiratory volume and other technical measuremet
of lung function, are difficult to value in monetary terms. These health effects are nc
guantified in this analysis.

Non-overlapping
Endpoints

Although the benefits associated with each individhgalth endpoint may be analyzed
separately, care must be exercised in selecting health endpoints to include in the ov
benefits analysis because of the possibility of deableting of benefits.
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When several effect estimates for a pollutant agiven health endpoint have been
selected, they are quantitatively combined or pooled to derive a more robust estimate of the
relationship. The BenMAP Technical Appendices provides details of the procedures used to
combine multiple impact functions (Abt Assates, 2008). In general, we used fixed or random
effects models to pool estimates from different studies of the same endpoint. Fixed effects
pooling simply weights each studyds esti mat e
studies with greatestatistical power (lower variance). Random effects pooling accounts for both
within-study variance and betwestudy variability, due, for example, to differences in
population susceptibility. We used the fixed effects model as our null hypothesis mand the
determined whether the data suggest that we should reject this null hypothesis, in which case we
would use the random effects model. Pooled impact functions are used to estimate hospital
admissions and asthma exacerbations. For more details on metbddds psol incidence
estimates, see the BenMAP Manual Appendices (Abt Associates, 2008), which are available
with the BenMAP software at http://www.epa.gov/benmap.html.

Effect estimates selected for a given health endpoint were applied consistenthakhcross
locations nationwide. This applies to both impact functions defined by a single effect estimate
and those defined by a pooling of multiple effect estimates. Although the effect estimate may, i
fact, vary from one location to another (e.g., becausifefences in population susceptibilities
or differences in the composition of PM), locatigpecific effect estimates are generally not
available.

5

The specific studies from which effect estimates for the primary analysis are drawn are
included in Table . We highlight in blue those studies that have been added since the 2005
CAIR benefits analysis and incorporated into the central benefits estimate. In all cases where
effect estimates are drawn directly from epidemiological studies, standard ernassdiges a
partial representation of the uncertainty in the size of the effect estimate. Below we provide the
basis for selecting these studies.
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Table 5-5. Health Endpoints and Epidemiological Studies Used to Quantify Health Impacts
Study
Endpoint Pollutant Study Population

Premature Mortality
Bell et al.(2004) (NMMAPS study)
Huang et al. (2004) (muitity)

Premature mortality daily 03 Schwartz (2005) (muktity)
. . (8-hour .
time series max) Metaanalyses: All ages
Bell et al. (2005)
Ito et al. (2005)
Levy etal. (2005)
Premature mortalify cohort (Pa'\rqlﬁfjal Pope et al. (2002) >29 years
study, allcause avg) Laden et al(2006) >25 years
; PM:s
Premature mortality, total (annual Expert Elicitation (Roman et al., 2008) >24 years
exposures
avg)
Premature mortality all- PMo5
(annual Woodruff et al. (2006) Infant (<1 year)
cause
avg)
Chronic lliness
PMzs
Chronic bronchitis (annual Abbey et al. (1995) >26 years
avg)
PM;s
Nonfatal heart attacks (24-hour Peters et al. (2001) Adults (>18
avg) years)
Hospital Admissions
Respiratory Pooled estimate:
0Os Schwartz (1995 ICD 460519 (all resp)
(8-hour Schwartz (1994a; 1994d)ICD 480 486
max) (pneumonia)
Moolgavke_lr et al. (1999) ICD 480 487 >64 years
(pneumonia)
Schwartz (199418 ICD 4911 492, 494496
(COPD)
Moolgavkar et al(1997p ICD 490 496
(COPD)
Burnett et al. (2001) <2 years
PM;, s Pooled estimate:
(24-hour Moolgavkar (2003 ICD 490 496 (COPD) >64 years
avg) Ito (2003p ICD 490 496 (COPD)
PM;s
(24-hour Moolgavkar (200 ICD 4901496 (COPD) 20i 64 years
avg)
PM;s
(24-hour Ito (2003p ICD 480 486 (pneumonia) >64 years
avg)
PM2s
(24-hour Sheppard (2008) ICD 493 (asthma) <65 years
avg)
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Study

Endpoint Pollutant Study Population
Pooled estimate: >64 years
PM, 5 Moolgavkar (2003 ICD 390429 (all
(24-hour cardiovascular)
Cardiovascular avg) Ito (2003p ICD 410'414, 427428 (ischemic
heart disease, dysrhythmia, heart failure)
PM, s Moolgavkar (200® ICD 3901429 (all 20i 64 years
(24-hour cardiovascular)
avg)
O, Pooled estimate:
(8-hour Peel et al. (2005) All ages
Asthmarelated ER visits r;'a):l Wilson et al.(2005) All ages
(24-hour Norris et al. (1999) 0i 18 years
avg)
Other Health Endpoints
PM, 5 8i 12 years
Acute bronchitis (annual Dockery et al. (1996)
avg)
PMio Asthmatics, 9
Upper respiratory symptom: (24-hour Pope et al. (1991) 11 years
avg)
PM, 5 7114 years
Lower respiratory symptom: (24-hour Schwartz and Neas (2000)
avg)
PMy.c Pooled estimate: 61 18 yeard
Asthma exacerbations (24-hour Ofstt)ro et al(2001) (cough, wheeze and shortne
avg) of breath)
Vedal et al. (1998) (cough)
PM, 5 18 65 years
Work loss days (24-hour Ostro (1987)
avg)
Os Pooled estimate:
School absence days (8-hour Gilliland et al. (2001) 5i 17 yeard
max) Chen et al(2000)
03 18i 65 years

(8-hour Ostro and Rothschild (1989)

Minor Restricted Activity max)

Days (MRADs) PM,s 18/ 65 years
(24-hour Ostro and Rothschild (1989)

avg)

#The original study populations were 8 to 13 for the Ostro et al. (2001) study and 6 to 13 for the Vedal et al. (1998)
study. Based on advice from the Science Advisory Board Health Effects SubcommitteblESABve extended
the applied population to 6 i®, reflecting the common biological basis for the effect in children in the broader
age group. See: U.S. Science Advisory Board. 2004. Advisory Plans for Health Effects Analysis in the Analytical
Pl an for EPA®&s Se c dBedefitPandCstpof tbhet Cleanedir Act) HOB0R020. EPASAB-
COUNCIL-ADV-04-004. See also National Research Council (NRC). 2B8@mating the Public Health
Benefits of Proposed Air Pollution RegulatioMgashington, DC: The National Academies Press.

® Gilliland et al. (2001) studied children aged 9 and 10. Chen et al. (2000) studied children 6 to 11. Based on recent
advice from the National Research Council and the EPA-BEB, we have calculated reductions in school
absences for all scheabed childen based on the biological similarity between children aged 5 to 17.
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5.4.2.1 PM s Premature Mortality Effect Coefficients

Both long and shorterm exposures to ambient levels of RMir pollution have been
associated with increased risk of prematucetality. The size of the mortality risk estimates
from epidemiological studies, the serious nature of the effect itself, and the high monetary value
ascribed to prolonging life make mortality risk reduction the most significant health endpoint
guantifiedin this analysis.

Although a number of uncertainties remain to be addressed by continued research (NRC,
2002), a substantial body of published scientific literature documents the correlation between
elevated PMsconcentrations and increased mortalitgsaty.S. EPA, 2009d). Tirgeries
methods have been used to relate stesrh (often dayto-day) changes in PM concentrations
and changes in daily mortality rates up to several days after a period of elevated PM
concentrations. Cohort methods haverbased to examine the potential relationship between
communitylevel PM exposures over multiple years (i.e., kb@gn exposures) and community
level annual mortality rates. Researchers have found statistically significant associations between
PM, sand pemature mortality using both types of studies. In general, the risk estimates based on
the cohort studies are larger than those derived fromdaries studies. Cohort analyses are
thought to better capture the full public health impact of exposure poliition over time,
because they account for the effects of ergn exposures and possibly some component of
shortterm exposures (Kunzli et al., 2001; NRC, 2002). This section discusses some of the issues
surrounding the estimation of BMrelated pemature mortality. To demonstrate the sensitivity
of the benefits estimates to the specific sources of information regarding the impagctsof PM
exposures on the risk of premature death, we are providing estimates in our results tables based
on studies deved from the epidemiological literature and from the EPA sponsored expert
elicitation. The epidemiological studies from which these estimates are drawn are described
below. The expert elicitation project and the derivation of effect estimates frompibt ex
elicitation results are described in the 2006,EMAAQS RIA and Roman et al. (2008). In the
interest of brevity we do not repeat those details here. However, Fidi&elimmarizes the
estimated PMs-related premature mortalities avoided using estimates drawn from the expert
elicitation.

Over a dozen epidemiological studies have found significant associations between
various measures of lortgrm exposure to PM and elevated rates of annual mortality, beginning
with Lave and Seskin (1977). Masttthe published studies found positive (but not always
statistically significant) associations with available PM indices such as total suspended particles
(TSP). However, exploration of alternative model specifications sometimes raised questions
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aboutca s a | relationships (e.g., Lipfeettieonal o,
studies (Lave and Seskin, 1977; Ozkaynak and Thurston, 1987) were criticized for a number of
methodological limitations, particularly for inadequate control at tiiitual level for

variables that are potentially important in causing mortality, such as wealth, smoking, and diet.

Over the |l ast 17 years, sever al studies us
published that appear to be consistent withtheearlidody of | i terature. Th
cohorto studies reflect a significant 1 mprove

individual level information with respect to health status and residence. The most extensive

analyses have been baserdata from two prospective cohort groups, often referred to as the

Har var@i thiiSex Studyo (Dockery et al ., 1993, Lac
Society or ACS studyo (Pope et al ., 1995, Pop
2009); these studies have found consistent relationships between fine particle indicators and
premature mortality across multiple locations in the United States. A third major data set comes

from the Californiabased 7th Day Adventist Study (e.g., Ablegwl., 1999), which reported

associations between lotgrm PM exposure and mortality in men. Results from this cohort,

however, have been inconsistent, and the air quality results are not geographically representative

of most of the United States, argtlifestyle of the population is not reflective of much of the

U.S. population. Analysis is also available for a cohort of adult male veterans diagnosed with
hypertension has been examined (Lipfert et al., 2000; Lipfert et al., 2003, 2006). The

charactestics of this group differ from the cohorts in the-8iities, ACS, and 7th Day

Adventist studies with respect to income, race, health status, and smoking status. Unlike previous
long-term analyses, this study found some associations between mortaldyaredbut found

inconsistent results for PM indicators. Because of the selective nature of the population in the
veteranbés cohort, we have chosen not to inclu
(2000) study in our benefits assessment.

Given treir consistent results and broad geographic coverage, and importance in
informing the NAAQS development process, the-Sities and ACS data have been particularly
important in benefits analyses. The credibility of these two studies is further enhartbeddmnt
that the initial published studies (Pope et al., 1995 and Dockery et al., 1993) were subject to
extensive reexamination and reanalysis by an independent team of scientific experts
commissioned by the Health Effect Institute (HEI) (Krewski et281Q0). The final results of the
reanalysis were then independently peer reviewed by a Special Panel of the HEI Health Review
Committee. The results of these reanalyses confirmed and expanded the conclusions of the
original investigators. While the HEI remxination lends credibility to the original studies, it
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also highlights sensitivities concerning the relative impact of various pollutants, such #3seSO
potential role of education in mediating the association between pollution and mortality, and the
influence of spatial correlation modeling. Further confirmation and extension of the findings of
the 1993 Six City Study and the 1995 ACS study were recently completed using more recent air
guality and a longer follovup period for the ACS cohort was publesi over the past several

years (Pope et al., 2002, 2004; Laden et al., 2006, Krewski et al. 2009). The follow up to the
Harvard Six City Study both confirmed the effect size from the first analysis and provided
additional confirmation that reductions ilMRs are likely to result in reductions in the risk of
premature death. This additional evidence stems from the observed reductions in Bath

city during the extended followp period. Laden et al. (2006) found that mortality rates
consistently wentlown at a rate proportionate to the observed reductions . PM

A number of additional analyses have been conducted on the ACS cohort data (Jarrett et
al., 2009; Pope et al., 2009). These studies have continued to find a strong significant
relationshipbetween PMs and mortality outcomes and life expectancy. Specifically, much of
the recent research has suggested a stronger relationship between cardiovascular mortality and
lung cancer mortality with P4, and a less significant relationship betweepimtoryrelated
mortality and PM. The extended analyses of the ACS cohort data (Krewski et al. 2009)
provides additional refinements to the analysis oftieMted mortality by (a) extend the follew
up period by 2 years to the year 2000, for a totdlBoyears; (b) incorporate ecological., or
neighborhoodevel covariates so as to better estimate personal exposure; (c) perform an
extensive spatial analysis using land use regression modeling. These additional refinements may
make this analysis wefluited for the assessment of Rilated mortality for EPA benefits
analyses.

In developing and improving the methods for estimating and valuing the potential
reductions in mortality risk over the years, EPA consulted with the-8EB. That panel
recommendedsing longterm prospective cohort studies in estimating mortality risk reduction
(U.S. EPASAB, 1999b). This recommendation has been confirmed by a report from the
Nati onal Research Council, which st ganegfid t hat
analysis to capture al/l i mportant effects fro
specifically, the SAB recommended emphasis on the ACS study because it includes a much
larger sample size and longer exposure interval and coverdauat®ns (e.g., 50 cities
compared to the Six Cities Study) than other studies of its kind. Because of the refinements in the
extended followup analysis, the SABIES recommended using the Pope et al. (2002) study as
the basis for the primary mortalitgtemate for adults and suggests that alternate estimates of
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mortality generated using other cohort and tseees studies could be included as part of the
sensitivity analysis (U.S. ERSAB, 2004b). The PM NAAQS Risk and Exposure Assessment
(U.S EPA, 201Dutilized risk coefficients drawn from the Krewski et al. (2009) study. In a
December of 2009 consultation with the SAES, the Agency proposed utilizing the Krewski
et al. (2009) extended analysis of the ACS cohort ddta panel was supportive of this
approach.

As noted above, since 2004 SAB review, an extended fallowf the Harvard Six cities
study has been published (Laden et al., 2006) and in recent RIAs (see for example the SO
NAAQS, PM NAAQS, CAIR and Nonroad Diesel RIAs), we have includelaktimate of
mortality impacts based on application of th&Q@unction derived from this study. We use this
specific estimate to represent the Six Cities study because it both reflects among thetoost up
date science and was cited by many of the ¢gpetheir elicitation responses. It is clear from
the expert elicitation that the results published in Laden et al. (2006) are potentially influential,
and in fact the expert elicitation results encompass within their range the estimates from both the
Paope et al. (2002) and Laden et al. (2006) studies (see FigiB8dBlow). These are logical
choices for anchor points in our presentation because, while both studies are well designed and
peer reviewed, there are strengths and weaknesses inherent wwlaakiwe believe argues for
using both studies to generate benefits estimates.

5.4.2.2 Ozone Premature Mortality Effect Coefficients

While particulate matter is the criteria pollutant most clearly associated with premature
mortality, recent researduggests that shetérm repeated ozone exposure also likely
contributes to premature death. The 2006 Ozon
with observed ozoneelated increases in respiratognd cardiovascularelated morbidity,
several newemulti-city studies, singkeity studies, and several medaalyses of these studies
have provided relatively strong epidemiologic evidence for associations betweeteshnort
ozone exposure and @ause mortality, even after adjustment for the influeceason and
PMo (U. S. EPA, 2006). The epidemiologic dat a
from both animal and human studies, which provide evidence suggestive of plausible pathways
by which risk of respiratory or cardiovascular morbidityd mortality could be increased by
ambient ozone. With respect to shtatm exposure, the Ozone Criteria Document concluded,

AThis overall body of evidence is highly sugg
to nontaccidental and cardiopubnaryrelated mortality, but additional research is needed to
more fully establish underlying mechani sms by
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With respect to the timeeries studies, the conclusion regarding the relationship between
shortterm @one exposure and premature mortality is based, in part, upon recesgezitiic
time-series studies such as the Schwartz (2004) analysis in Houston and the Huang et al. (2004)
analysis in Los Angeles.This conclusion is also based on recent ragi@y®s by Bell et al.
(2005), Ito et al. (2005), and Levy et al. (2005), and a new analysis of the National Morbidity,
Mortality, and Air Pollution Study (NMMAPS) data set by Bell et al. (2004), which specifically
sought to disentangle the roles of ozone, Righatherrelated variables, and seasonality. The
2006 Criteria Document st adnaysestathveltasdetverae r e s ul
single and multiplecity studies, indicate that qmllutants generally do not appear to
substantially confoundéh associ ati on bet weel03)dHowevee and mor
CASAC raised questions about the implications of these $enies results in a policy context.
Specifically, CASAC e mp-besnies stzdg dbsign is a gowefifid tadhto | e t
detect very smal/l effects that could not be de
(U.S. EPASAB, 2006). They point to findings (e.g., Stieb et al., 2002, 2003) that indicated
associations between premature mortality and all of the cngeliatants, indicating that
Afi ndi n-geaiesatiidies do noeseem to allow us to confidently attribute observed effects
to individual pollutantso (id.). They note th
complicated by the fact théhe dayto-day variation in concentrations of these pollutants is, to a
varying degree, determined by meteorology, the pollutants are often part of a large and highly
correlated mix of pollutants, only hesevery few
uncertainties, the CASAC Ozone Panel, in its
total noraccidental and cardiorespiratory mortality for inclusion in the quantitative risk
assessment to be appropriate. o

In 2006 the EPA requested an NASdstiio answer four key questions regarding ozone
mortality: (1) how did the epidemiological literature to that point improve our understanding of
the size of the ozone mortality effect? (2) How best can EPA quantify the level of ozone
mortality impacts fronshortterm exposure? (3) How might EPA estimate the change in life
expectancy? (4) What methods should EPA use to estimate the monetary value of changes in
ozonerelated mortality risk and life expectancy?

%L For an exhaustive review of the cpecific timeseries studies considered in the ozone staff paper, see: U.S.
Environmental Protection Agency, 200Review of the National Ambient Air Quality Standards for Ozone:
Policy Assessment of Scientific and Technical Information. Prepared by the Office of Air and Radiation.
Available at http://www.epa.gov/ttn/naags/standards/ozone/data/2007_01_ozone_staffdhage 536.
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In 2008 the NAS (NRC, 2008) issued a series cbmanendations to the EPA regarding
the quantification and valuation of ozeredated shorterm mortality. Chief among these was
t hat Atéesrhnhoretexposure to ambient ozone is |ikely
commi ttee r ec oomsrsdated nodality be an¢ludddl on Zuture estimates of the
health benefits of reducing o0zone exposureseo
emphasis be placed on the multicity and NMMAPS studies without exclusion of the meta
anal ysesod).( NRC, 200

Recent evidence also suggests a relationship betweetelongxposure to ozone and
premature respiratory mortality in the ACS cohort (Jerrett et al. 2009). Jerrett and colleagues find
that longterm exposure to ozone is linked to respiratory prareanortality in a twepollutant
model that controls for Pp4. This is the first longerm cohort study to have observed such a
relationship. In a December of 2009 consultation with the-S#&E5, the Agency proposed
utilizing the Jerrett et al. (2009) dysis of the ACS cohort datén its advisory, the panel
recommended quantifying ozonelated mortality using risk coefficients drawn from the short
term timeseries studies.

In view of the findings of the Criteria document and the NAS panel, we inchetk u
estimates of shoterm ozone mortality from the Bell et al. (2004) NMMAPS analysis, the
Schwartz (2005) mukcity study, the Huang et al. (2005) mdity study as well as effect
estimates from the three medaalyses (Bell et al. 2005, Levy et 2005 and Ito et al. 2005).

5.4.2.3 Chronic Bonchitis

CB is characterized by mucus in the lungs and a persistent wet cough for at least 3
months a year for several years in a row. CB affects an estimated 5 percent of the U.S.
population (American Lung Asciation, 1999). A limited number of studies have estimated the
impact of air pollution on new incidences of CB. Schwartz (1993) and Abbey et al. (1995)
provide evidence that loAgrm PM exposure gives rise to the development of CB in the United
States Because the Transport Rule is expected to reduce primargly, BNs analysis uses only
the Abbey et al. (1995) study, because it is the only study focusing on the relationship between
PM, s and new incidences of CB.

5.4.2.4 Nonfatal Mocardial Infrctions (Heart Attacks)
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Nonfatal heart attacks have been linked with stesrh exposures to PMin the United
StateqPeters et al., 2001) and other countries (Poloniecki et al., 1997). We used a recent study
by Peters et al. (2001) as the basis for the impact function estimating the relationship between
PM, s and nonfatal heart attacks. Peters et al. is the onliableall.S. study to provide a
specific estimate for heart attacks. Other studies, such as Samet et al. (2000) and Moolgavkar
(2000), show a consistent relationship between all cardiovascular hospital admissions, including
those for nonfatal heart attacksid PM. Given the lasting impact of a heart attack onterng
health costs and earnings, we provide a separate estimate for nonfatal heart attacks. The estimate
used in the Transport Rule analysis is based on the single available U.S. effect e3timate.
finding of a specific impact on heart attacks is consistent with hospital admission and other
studies showing relationships between fine particles and cardiovascular effects both within and
outside the United States. Several epidemiologic studias @tial., 1999; Gold et al., 2000;

Magari et al., 2001) have shown that heart rate variability (an indicator of how much the heart is
able to speed up or slow down in response to momentary stresses) is negatively related to PM
levels. Heart rate varialiy is a risk factor for heart attacks and other coronary heart diseases
(Carthenon et al., 2002; Dekker et al., 2000; Liao et al., 1997; Tsuji et al., 1996). As such,
significant impacts of PM on heart rate variability are consistent with an incregsed hieart
attacks.

5.4.2.5 Hospital and lBergency Room Admissions

Because of the availability of detailed hospital admission and discharge records, there is
an extensive body of literature examining the relationship between hospital admissions and air
pdlution. Because of this, many of the hospital admission endpoints use pooled impact
functions based on the results of a number of studies. In addition, some studies have examined
the relationship between air pollution and emergency room visits. S&teemergency room
visits do not result in an admission to the hospital (the majority of people going to the emergency
room are treated and return home), we treat hospital admissions and emergency room visits
separately, taking account of the fraction wleegency room visits that are admitted to the
hospital.

The two main groups of hospital admissions estimated in this analysis are respiratory
admissions and cardiovascular admissions. There is not much evidence linking ozone or PM
with other types of hosgal admissions. The only type of emergency room visits that have been
consistently linked to ozone and PM in the United States are asétabed visits.
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To estimate avoided incidences of cardiovascular hospital admissions associated with
PM, s, we use studies by Moolgavkar (2003) and Ito (2003). Additional published studies show
a statistically significant relationship between fl&hd cardiovascular hospital admissions.
However, given that the control options we are analyzing are expected to peduaeély PM s,
we focus on the two studies that examine,BMBoth of these studies provide an effect estimate
for populations over 65, allowing us to pool the impact functions for this age group. Only
Moolgavkar (2000) provided a separate effedneste for populations 20 to 64. Total
cardiovascular hospital admissions are thus the sum of the pooled estimate for populations over
65 and the single study estimate for populations 20 to 64. Cardiovascular hospital admissions
include admissions for negardial infarctions. To avoid doubt®unting benefits from
reductions in myocardial infarctions when applying the impact function for cardiovascular
hospital admissions, we first adjusted the baseline cardiovascular hospital admissions to remove
admissons for myocardial infarctions.

To estimate total avoided incidences of respiratory hospital admissions, we used impact
functions for several respiratory causes, including chronic obstructive pulmonary disease
(COPD), pneumonia, and asthma. As with mara@scular admissions, additional published
studies show a statistically significant relationship betweei BN respiratory hospital
admissions. We used only those focusing on PNBoth Moolgavkar (2000) and Ito (2003)
provide effect estimates for@PD in populations over 65, allowing us to pool the impact
functions for this group. Only Moolgavkar (2000) provides a separate effect estimate 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 Ito (2003)
estimated pneumonia and only for the population 65 and older. In addition, Sheppard (2003)
provided an effect estimate for asthma hospital admissions for populationsagedds. Total
avoided incidences of Piklated respiratoryelated hospital admissions are the sum of COPD,
pneumonia, and asthma admissions.

To estimate the effects of PM air pollution reductions on astietadéed ER visits, we use
the effect estimatadm a study of children 18 and under by Norris et al. (1999). As noted
earlier, there is another study by Schwartz examining a broader age group (less than 65), but the
Schwartz study focused on RMather than PMs. We selected the Norris et al. (19@%fect

2Note that the Moolgavkar (2000) study has not been updated to reflect the more stringent GAM convergence
criteria. However, given that no other estimates are available for this age group, we chose to use the existing
study. Given the@ery small (<5 percent) difference in the effect estimates for people 65 and older with
cardiovascular hospital admissions between the original and reanalyzed results, we do not expect this choice to
introduce much bias.
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estimate because it better matched the pollutant of interest. Because children tend to have higher
rates of hospitalization for asthma relative to adults under 65, we will likely capture the majority

of the impact of PMs on asthma emergency movisits in populations under 65, although there

may still be significant impacts in the adult population under 65.

To estimate avoided incidences of respiratory hospital admissions associated with ozone,
we used a number of studies examining hospitalisslons for a range of respiratory illnesses,
including pneumonia and COPD. Two age groups, adults over 65 and children under 2, were
examined. For adults over 65, Schwartz (1995) provides effect estimates for two different cities
relating ozone and hp#al admissions for all respiratory causes (defined as ICD codés 460
519). Impact functions based on these studies were pooled first before being pooled with other
studies. Two studies (Moolgavkar et al., 1997; Schwartz, 1994a) examine ozone and pneumon
hospital admissions in Minneapolis. One additional study (Schwartz, 1994b) examines ozone
and pneumonia hospital admissions in Detroit. The impact functions for Minneapolis were
pooled together first, and the resulting impact function was then pottlethe impact function
for Detroit. This avoids assigning too much weight to the information coming from one city.

For COPD hospital admissions, two studies are available: Moolgavkar et al. (1997), conducted
in Minneapolis, and Schwartz (1994b), coothal in Detroit. These two studies were pooled
together. To estimate total respiratory hospital admissions for adults over 65, COPD admissions
were added to pneumonia admissions, and the result was pooled with the Schwartz (1995)
estimate of total resgtory admissions. Burnett et al. (2001) is the only study providing an

effect estimate for respiratory hospital admissions in children under 2.

We used two studies as the source of the concentira@smonse functions we used to
estimate the effects of ome exposure on asthmalated emergency room (ER) visits: Peel et al.
(2005) and Wilson et af2005). We estimated the change in ER visits using the effect
estimate(s) from each study and then pooled the results using the random effects pooling
techniqugsee Abt, 2005). The Peel et al. study (2005) estimated asdtated ER visits for all
ages in Atlanta, using air quality data from 1993 to 2000. Using Poisson generalized estimating
equations, the authors found a marginal association between the mmasaity 8hour average
ozone level and ER visits for asthma over@da$ moving average (lags of 0, 1, and 2 days) in a
single pollutant model. Wilson et al. (2005) examined the relationship between ER visits for
respiratory illnesses and asthma and dlilugon for all people residing in Portland, Maine from
1998 2000 and Manchester, New Hampshire from 12900. For all models used in the
analysis, the authors restricted the ozone data incorporated into the model to the months ozone
levels are usually nasured, the springummer months (April through September). Using the
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generalized additive model, Wilson et al. (2005) found a significant association between the
maximum daily 8hour average ozone level and ER visits for asthma in Portland, but found no
significant association for Manchester. Similar to the approach used to generate effect estimates
for hospital admissions, we used random effects pooling to combine the results across the
individual study estimates for ER visits for asthma. The Peel @045) and Wilson et al.

(2005) Manchester estimates were not significant at the 95 percent level, and thus, the
confidence interval for the pooled incidence estimate based on these studies includes negative
values. This is an artifact of the statisticalyer of the studies, and the negative values in the

tails of the estimated effect distributions do not represent improvements in health as ozone
concentrations are increased. Instead, these should be viewed as a measure of uncertainty due to
limitations inthe statistical power of the study. We included both hospital admissions and ER
visits as separate endpoints associated with ozone exposure because our estimates of hospital
admission costs do not include the costs of ER visits and most asthma ERouwsitgesult in a
hospital admission.

5.4.2.6 Acute Halth Eventand £hool/Work Loss Days

In addition to mortality, chronic iliness, and hospital admissions, a number of acute
health effects not requiring hospitalization are associated with exposumbienalevels of
ozone and PM. The sources for the effect estimates used to quantify these effects are described
below.

Around 4 percent of U.S. children between the ages of 5 and 17 experience episodes of
acute bronchitis annually (American Lung Asstiola, 2002c). Acute bronchitis is
characterized by coughing, chest discomfort, slight fever, and extreme tiredness, lasting for a
number of days. According to the MedlinePlus medical encyclopédish 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 5 and 17 were estimated using an effect estimate
developed from Dockery et al. (1996).

Incidences of lower respiratory symptoms (e.g., wheezing, deep cough) in children aged
7 to 14 were estimated using an effect estimate from Schwartz and Neas (2000).

Because asthmatics have greater sensitivity to stimuli (including air pollution), children
with asthma can be more susceptible to a variety of upper respiratory symptoms (e.g., runny or
stuffy nose; wet cough; and burning, aching, or red eyes). Research on the effects of air

23ee http://www.nlm.nih.gov/medlip&us/ency/article/000124.htm, accessed January 2002.
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pollution on upper respiratory symptoms has thus focused on effegthmatics. Incidences of
upper respiratory symptoms in asthmatic children aged 9 to 11 are estimated using an effect
estimate developed from Pope et al. (1991).

Health effects from air pollution can also result in missed days of work (either from
persoml symptoms or from caring for a sick family member). Days of work lost due 1@ PM
were estimated using an effect estimate developed from Ostro (1987). Children may also be
absent from school because of respiratory or other diseases caused by agpmspa|ution.
Most studies examining school absence rates have found little or no association M
several studies have found a significant association between ozone levels and school absence
rates. We used two recent studies, Gillilandle2001) and Chen et al. (2000), to estimate
changes in absences (school loss days) due to changes in ozone levels. The Gilliland et al. study
estimated the incidence of new periods of absence, while the Chen et al. study examined absence
on a given da We converted the Gilliland estimate to days of absence by multiplying the
absence periods by the average duration of an absence. We estimated an average duration of
school absence of 1.6 days by dividing the average daily school absence rate frahalhen
(2000) and Ransom and Pope (1992) by the episodic absence rate from Gilliland et al. (2001).
This provides estimates from Chen et al. (2000) and Gilliland et al. (2001), which can be pooled
to provide an overall estimate.

MRAD result when individals reduce most usual daily activities and replace them with
less strenuous activities or rest, yet not to the point of missing work or school. For example, a
mechanic who would usually be doing physical work most of the day will instead spend the day
ata desk doing paper and phone work because of difficulty breathing or chest pain. The effect of
PM, s and ozone on MRAD was estimated using an effect estimate derived from Ostro and
Rothschild (1989).

For the Transport Rule, we have followed the SABS r&eommendations regarding
asthma exacerbations in developing the primary estimate. To prevent-doubtang, we
focused the estimation on asthma exacerbations occurring in children and excluded adults from
the calculatiorf® Asthma exacerbations occurrifigadults are assumed to be captured in the

24Estimating asthma exacerbations associated with air pollution exposures is difficult, due to concerns about double
counting of benefits. Concerns over double counting stem from the fact that sfutieegeneral population also
include asthmatics, so estimates based solely on the asthmatic population cannot be directly added to the general
population numbers without double counting. In one specific case (upper respiratory symptoms in children), the
only study available is limited to asthmatic children, so this endpoint can be readily included in the calculation of
total benefits. However, other endpoints, such as lower respiratory symptoms and MRADSs, are estimated for the
total population that inclles asthmatics. Therefore, to simply add predictions of agthatad symptoms
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general population endpoints such as work loss days and MRADs. Consequently, if we had
included an adulspecific asthma exacerbation estimate, we would likely decdoliat incidence

for this endpoint. Howevebecause the general population endpoints do not cover children
(with regard to asthmatic effects), an analysis focused specifically on asthma exacerbations for
children (6 to 18 years of age) could be conducted without concern for emubigng.

To characterize asthma exacerbations in children, we selected two studies (Ostro et al.,
2001; Vedal et al., 1998) that followed panels of asthmatic children. Ostro et al. (2001) followed
a group of 138 AfricasAmerican children in Los Angeles for 13 weekgaming daily
occurrences of respiratory symptoms associated with asthma exacerbations (e.g., shortness of
breath, wheeze, and cough). This study found a statistically significant association between
PM. s, measured as a dur average, and the daily padence of shortness of breath and
wheeze endpoints. Although the association was not statistically significant for cough, the
results were still positive and close to significance; consequently, we decided to include this
endpoint, along with shortnestlwreath and wheeze, in generating incidence estimates (see
below). Vedal et al. (1998) followed a group of elementary school children, including 74
asthmatics, located on the west coast of Vancouver Island for 18 months including measurements
of daily peak expiratory flow (PEF) and the tracking of respiratory symptoms (e.g., cough,
phlegm, wheeze, chest tightness) through the use of daily diaries. Association betwgand®M
respiratory symptoms for the asthmatic population was only reported for twoietsd cough
and PEF. Because it is difficult to translate PEF measures into clearly defined health endpoints
that can be monetized, we only included the cengigted effect estimate from this study in
guantifying asthma exacerbations. We employedath@wing pooling approach in combining
estimates generated using effect estimates from the two studies to produce a single asthma
exacerbation incidence estimate. First, we pooled the separate incidence estimates for shortness
of breath, wheeze, and agugenerated using effect estimates from the Ostro et al. study,
because each of these endpoints is aimed at capturing the same overall endpoint (asthma
exacerbations) and there could be overlap in their predictions. The pooled estimate from the
Ostro efal. study is then pooled with the cougtated estimate generated using the Vedal study.

generated for the population of asthmatics to these total poputstg®d estimates could result in double

counting, especially if they evaluate similar endpoints. The-8&53, in commenting on the analytical blueprint

for 812, acknowledged these challenges in evaluating asthmatic symptoms and appropriately adding them into the
primary analysis (SABHES, 2004). However, despite these challenges, thel 28 recommends the dition

of asthmarelated symptoms (i.e., asthma exacerbations) to the primary analysis, provided that the studies use the
panel study approach and that they have comparable design and baseline frequencies in both asthma prevalence
and exacerbation rateblote also, that the SABIES, while supporting the incorporation of asthma exacerbation
estimates, does not believe that the association between ambient air pollution, including ozone and PM, and the
new onset of asthma is sufficiently strong to suppottigion of this asthmaelated endpoint in the primary

estimate.
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The rationale for this second pooling step is similar to the first; both studies are attempting to
guantify the same overall endpoint (asthma exacerbations).

5.4.27 School Absences

Children may be absent from school due to respiratory or other acute diseases caused, or
aggravated by, exposure to air pollution. Several studies have found a significant association
between ozone levels and school absence rates. Weaistudies (Gilliland et al., 2001; Chen
et al., 2000) to estimate changes in school absences resulting from changes in ozone levels. The
Gilliland et al. study estimated the incidence of new periods of absence, while the Chen et al.
study examined dailgbsence rates. We converted the Gilliland et al. estimate to days of absence
by multiplying the absence periods by the average duration of an absence. We estimated 1.6 days
as the average duration of a school absence, the result of dividing the avédyagghdal
absence rate from Chen et al. (2000) and Ransom and Pope (1992) by the episodic absence
duration from Gilliland et al. (2001). Thus, each Gilliland et al. period of absence is converted
into 1.6 absence days.

Following advice from the NationaldRearch Council (2002), we calculated reductions in
school absences for the full population of school age children, ages five to 17. This is consistent
with recent peereviewed literature on estimating the impact of ozone exposure on school
absences (Ha#t al. 2003). We estimated the change in school absences using both Chen et al.
(2000) and Gilliland et al. (2001) and then, similar to hospital admissions and ER visits, pooled
the results using the random effects pooling procedure.

5.4.2.8 Outdoor WorkeProductivity

To monetize benefits associated with increased worker productivity resulting from
improved ozone air quality, we used information reported in Crocker and Horst (1981). Crocker
and Horst examined the impacts of o0zone exposure on the prayuatioutdoor citrus workers.

The study measured productivity impacts. Worker productivity is measuring the value of the loss
in productivity for a worker who is at work on a particular day, but due to ozone, cannot work as
hard. It only applies to outdoavorkers, like fruit and vegetable pickers, or construction workers.
Here, productivity impacts are measured as the change in income associated with a change in
0zone exposure, given as the elasticity of income with respect to ozone concentration. The
reported elasticity translates a ten percent reduction in ozone to a 1.4 percent increase in income.
Given the national median daily income for outdoor workers engaged in strenuous activity
reported by the U.S. Census Bureau (2002), $81 per day (2006$pextent reduction in
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ozone yields about $0.97 in increased daily wages. We adjust the national median daily income
estimate to reflect regional variations in income using a factor based on the ratio of county
median household income to national mediarskbold income. No information was available

for quantifying the uncertainty associated with the central valuation estimate. Therefore, no
uncertainty analysis was conducted for this endpoint.

5.4.3 Baseline Incidence Estimates

Epidemiological studies of ¢hassociation between pollution levels and adverse health
effects generally provide a direct estimate of the relationship of air quality changesdiatikie
risk of a health effect, rather than estimating the absolute number of avoided cases. Ft, examp
a typical result might be that a 10 ppb decrease in daily ozone levels might, in turn, decrease
hospital admissions by 3 percent. The baseline incidence of the health effect is necessary to
convert this relative change into a number of cases. A basetitdence rate is the estimate of
the number of cases of the health effect per year in the assessment location, as it corresponds to
baseline pollutant levels in that location. To derive the total baseline incidence per year, this rate
must be multipliedy the corresponding population number. For example, if the baseline
incidence rate is the number of cases per year per million people, that number must be multiplied
by the millions of people in the total population.

Table 56 summarizes the sources afskline incidence rates and provides average
incidence rates for the endpoints included in the analysis. For both baseline incidence and
prevalence data, we used agpecific rates where available. We applied concentraésponse
functions to individuahge groups and then summed over the relevant age range to provide an
estimate of total population benefits. We highlight in blue those rates that have changed since the
proposal RIA.

The baseline incidence rates for hospital and emergency depavisitsithat we applied
in this analysis are an improvement over the rates we used in the proposal analysis in two ways.
First, these data are newer, and so are a more recent representation of the rates at which
populations of different ages, and in diffieréocations, visit the hospital and emergency
department for ilinesses that may be air pollution rel&@edond, these newer data are also more
spatially refined. For many locations within the U.S., these data are resolved at the @ounty
statelevel, providing a better characterization of the geographic distribution of hospital and
emergency department visits. Newer and more spatially resolved incidence rates are likely to
yield a more reliable estimate of air polluticglated hospitalizations and ergency department
visits. Consistent with the proposal RIA, we continue to use cdaagl mortality rates. We
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have projected mortality rates such that future mortality rates are consistent with our projections
of population growth (Abt Associates, 2008).

For the set of endpoints affecting the asthmatic population, in addition to baseline
incidence rates, prevalence rates of asthma in the population are needed to define the applicable
population. Table & lists the prevalence rates used to determinagpécable population for
asthma symptom endpoints. Note that these reflect current asthma prevalence and assume no
change in prevalence rates in future years. We again highlight in blue those rates that have been
updated since the publication of the 2@tdposed Transport Rule RIA.
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Table 56: Baseline Incidence Rates and Population Prevalence Rates for Use in Impact
Functions, General Population

Rates
Endpoint Parameter Value Source
: Daily or annual mortality rate Age-, cause, fand CDC Wonder (20062008)
Mortality countyspecific

projected to 2020

rate

U.S. Census bureau

Age-, region,
Hospitalizations Daily hospitalization rate state, county and 2007 HCUP data filés
cause specific
rate
Age-, region,
Asthma ER Visits Daily asthma ER visit rate ~ S@t& county and 2 ioyp gata filds
cause specific
rate
Annual prevalence rate per
person .
Chronic Bronchitis e Aged 1844 0.0367 }-\iggc,i\lal-t'ilosn(ggqgég:Ta;bkauz?
e Aged 4564 0.0505 '
e Aged65andolder 0.0587
Qgr"s‘:ﬂ incidence rate per ; 3¢ Abbey et al. (1993Table 3)
Nonfatal Myocardial ~ Daily nonfatal myocardial Age, regiort, 2007 HCUP data fildsadjusted

Infarction (heart
attacks)

infarction incidence rate per
person, 18+

state, and county
specific rate

by 0.93 for probability of
surviving after 28 days
(Rosamond et al., 1999

Incidence among asthmatic

African-American children 0.076
Asthma Exacerbations e daily wheeze 0.067 Ostro et al. (2001
e daily cough 0.037
e daily dyspnea
- Annual bronchitis incidence American Lung Association
Acute Bronchitis rate, children 0.043 (2002¢ Table gl)
Lower Respiratory Daily Iowgr r_espiratory
S symptom incidence among 0.0012 Schwartz et al. (1994rable 2)
ymptoms .
childrer?
. Daily upper respirator
Upper Respiratory sym)p/)to?*rrl) incide%ce ar)T/]ong 0.3419 Pope et al. (1991rable 2)
Symptoms . .
asthmatic children
Work Loss Days Daily WLD incidence rate per
person (1865) 1996 HIS (Adams, Hendershot,
e Aged 1824 0.00540 and Marano, 1999Table 41);
e Aged 2544 0.00678 U.S. Bureau of the Census (200(
e Aged 4564 0.00492
School Loss Days Rate per person per year, National Center for Education
assuming 180 school days pe 9.9 Statistics (1996) and 1996 HIS
year (Adams et al., 1999, Table);
Minor Restricted Daily MRAD incidence rate 0.02137 Ostro and Rothschild (1988¢.

Activity Days

per person

243)

@Healthcare Cost and Utilization Program (HCUP) database contains individual level, state andlemgibnal
hospital and emergency department discharges for a variety of ICD codes.
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® ower respiratory symptoms are defined as two or more of the follovdoggh, chest pain, phlegm, and
wheeze.

Table 57. Asthma Prevalence Rates Used for this Analysis

Asthma Prevalence Rates

Population Group Value Source
All Ages 0.0780
<18 0.0941
5117 0.1070
American Lung Association (2010b, Table 7)
1844 0.0719
45/ 64 0.0745
65+ 0.0716

African American, 5to 17 0.1776 American Lung Association (2010b, Table 9)

African American, <18 0.1553 AmericanLung Associatioh

A Seeftp://ftp.cdc.gov/pub/Health Statistics/NCHS/Datasets/NHIS/2000/

B Calculated by ALA for U.S. EPA, based on NHIS data (CDC, 2008)

5.4.4 Economi&/aluation Estimates

Reductions in ambient concentrations of air pollution generally lower the risk of future
adverse health effects for a large populatidrerefore, the appropriate economic measure is
WTP for changes in risk of a health effect rathenth&l'P for a health effect that would occur
with certainty (Freeman, 1993 pidemiological studies generally provide estimates of the
relative risks of a particular health effect that is avoided because of a reduction in air pollution.
We converted those tunits of avoided statistical incidence for ease of presentation. We
calculated the value of avoided statistical incidences by dividing individual WTP for a risk
reduction by the related observed change in risk.

WTP estimates generally are not availgblesome health effects, such as hospital
admissions. In these cases, we used the cost of treating or mitigating the effect as a primary
estimate. These cost-illness (COIl) estimates generally understate the true value of reducing
the risk of a health &ct, because they reflect the direct expenditures related to treatment, but
not the value of avoided pain and suffering (Harrington and Portney, 1987; Berger, 1987). We
provide unit values for health endpoints (along with information on the distributitve anit
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value) in Table 8. All values are in constant year 2006 dollars, adjusted for growth in real
income out to 2014 wusing projections provided
that WTP for most goods (such as environmental protdotdhincrease if real income

increases. Many of the valuation studies used in this analysis were conducted in the late 1980s
and early 1990s. Because real i ncome has grow
willingness to pay for reductions inghiisk of premature death and disease likely has grown as

well. We did not adjust cost of illnetmsed values because they are based on current costs.

Similarly, we did not adjust the value of school absences, because that value is based on current
wage ates. For these two reasons, these cost of illness estimates may underestimate the

economic value of avoided health impacts in 2014. The discussion below provides additional

details on ozone and RMrelated related endpoints.

5.4.4.1Mortality Valuation

Following the advice of the EEAC of the SAB, EPA currently uses the VSL approach in
calculating the primary estimate of mortality benefits, because we believe this calculation
provides the most reasonabl e si ngdea@fmeneyt i mat e
for reductions in mortality risk (U.S. ER8AB, 200Q. The VSL approach is a summary
measure for the value of small changes in mortality risk experienced by a large number of
people. For a period ofntie (20042008), the Office of Air and Radiation (OAR) valued
mortality risk reductions using a value of statistical life (VSL) estimate derived from a limited
analysis of some of the available studies. OAR arrived at a VSL using a range of $1 million to
$10 million (2000$) consistent with two metmalyses of the wagresk literature. The $1
million value represented the lower end of the interquartile range from the Mrozek and Taylor
(2002) meteanalysis of 33 studies. The $10 million value represehdpper end of the
interquartile range from the Viscusi and Aldy (2003) rreatalysis of 43 studies. The mean
estimate of $5.5 million (2000$) was also consistent with the mean VSL of $5.4 million
estimated in the Kochi et al. (2006) mataalysis. Howeer, the Agency neither changed its
official guidance on the use of VSL in ruteakings nor subjected the interim estimate to a
scientific peemreview process through the Science Advisory Board (SAB) or other@eem

group.

During this time, the Agazy continued work to update its guidance on valuing mortality
risk reductions, including commissioning a report from naetalytic experts to evaluate
methodological questions raised by EPA and the SAB on combining estimates from the various
data sourcesln addition, the Agency consulted several times with the Science Advisory Board
Environmental Economics Advisory Committee (SEBAC) on the issue. With input from the
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metaanalytic experts, the SABEAC advised the Agency to update its guidance usiagifsp
appropriate metanalytic techniques to combine estimates from unique data sources and
different studies, including those using different methodologies (i.e.,-nslgand stated
preference) (U.S. ERSAB, 2007).

Until updated guidance is avédile, the Agency determined that a single, pegrewed
estimate applied consistently best reflects the I&AC advice it has received. Therefore, the
Agency has decided to apply the VSL that was vetted and endorsed by the SAB in the Guidelines
for Prepaing Economic Analyses (U.S. EPA, 2080)hile the Agency continues its efforts to
update its guidance on this issue. This approach calculates a mean value across VSL estimates
derived from 26 labor market and contingent valuation studies published helt@a¢ and
1991. The mean VSL across these studies is $6.3 million (2600%)e Agency is committed
to using scientifically sound, appropriately reviewed evidence in valuing mortality risk
reductions and has made significant progress in responding®NMBE EAC6s speci fic
recommendationk the process, the Agency has identified a number of important issues to be
considered in updating its mortality risk valuation estimates. These are detailed in a white paper
on AValuing Mortalnwiyr drri mekn tRaeld uRd li iomys, 4 ns LEb mi t
independent Science Advisory Board (SAB) for review. A meeting with the SAB on this paper
was held on March 14, 2011 and formal recommendations are anticipated in Summer 2011.
Draft guidance responding to SABcommendations will be developed shortly thereafter.

As indicated in the previous section on quantification of premature mortality benefits, we
assumed for this analysis that some of the incidences of premature mortality related to PM
exposures occur ia distributed fashion over the 20 years following exposure. To take this into
account in the valuation of reductions in premature mortality, we applied an annual 3% discount
rate to the value of premature mortality occurring in future years.

%n the (draft) update of the Economic Guidelines (U.S. EPA, 2008d), EPA retained the VSL endorsed by the SAB
with the understanding that further updates to the mortality risk valuatidargug would be forthcoming in the
near future. Therefore, this report does not represent final agency policy.
%6 |1 this analysis, we adjust the VSL to account for a different currency year (20063$) and to account for income
growth to 2014. After applyg these adjustments to the $6.3 million value, the VSL is $7.8M.
2" The choice of a discount rate, and its associated conceptual basis, is a topic of ongoing discussion within the
federal government. EPA adopted a 3% discount rate for its base egtithédecase to reflect reliance on a
fisoci al rate of time preferencedo discounting concept.
consistent with an fAopportunity cost of <ctameet al 0 conc
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 appears irtEBdidelines for Preparing Economic Analyses
(EPA, 2000h.
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Theeconomics literature concerning the appropriate method for valuing reductions in
premature mortality risk is still developing. The adoption of a value for the projected reduction
in the risk of premature mortality is the subject of continuing discussibinwhe economics
and public policy analysis community. EPA strives to use the best economic science in its
analyses. Given the mixed theoretical finding and empirical evidence regarding adjustments to
VSL for risk and population characteristics, we assingle VSL for all reductions in mortality
risk.

Although there are several differences between the labor market studies EPA uses to
derive a VSL estimate and the PM air pollution context addressed here, those differences in the
affected populations drthe nature of the risks imply both upward and downward adjustments.
Table 511 lists some of these differences and the expected effect on the VSL estimate for air
pollution-related mortality. In the absence of a comprehensive and balanced set of@djustm
factors, EPA believes it is reasonable to continue to use the $6.3 million(2a0gs$)while
acknowledging the significant limitations and uncertainties in the available literature.

Table 58: Expected Impact on Estimated Benefits of Premature Mortity Reductions of
Differences Between Factors Used in Developing Applied VSL and Theoretically
Appropriate VSL

Attribute Expected Direction of Bias
Age Uncertain, perhaps overestimate
Life Expectancy/Health Status Uncertain, perhaps overestimate
Attitudes Toward Risk Underestimate
Income Uncertain
Voluntary vs. Involuntary Uncertain, perhaps underestimate
Catastrophic vs. Protracted Death Uncertain, perhaps underestimate

The SABEEAC has reviewed many potential VSL adjustments and theofttite
economics literature. The SABEAC advi sed EPA t o-riskbaseadv$SLnue t o
as its primary estimate, including appropriate sensitivity analyses to reflect the uncertainty of
these estimates, 0 and t lhkich adjustrheats tothed VgL canbs k ¢ h a
made i s the timing o)flIndeletpingousimary(eslimade. of thieP A, 20
benefits of premature mortality reductions, we have followed this advice andrdisda@ver the
lag period between exposure and premature mortality.
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Uncertainties Specific to Premature Mortality Valuatidine economic benefits
associated with reductions in the risk of premature mortality are the largest category of
monetized benefitsf the Transport Rule. In addition, in prior analyses, EPA has identified
valuation of mortalityrelated benefits as the largest contributor to the range of uncertainty in
monetized benefits (U.S. EPA, 1999B Because of the uncaihty in estimates of the value of
reducing premature mortality risk, it is important to adequately characterize and understand the

various types of economic approaches available for valuing reductions in mortality risk. Such an
assessment also requiresuanderstanding of how alternative valuation approaches reflect that
some individuals may be more susceptible to air polltitidnced mortality or reflect

differences in the nature of the risk presented by air pollution relative to the risks studeed in th
relevant economics literature.

The health science literature on air pollution indicates that several human characteristics
affect the degree to which mortality risk affects an individual. For example, some age groups
appear to be more susceptible topaillution than others (e.g., the elderly and children). Health
status prior to exposure also affects susceptibility. An ideal benefits estimate of mortality risk
reduction would reflect these human character
i mprove oneds own chances of survival pl us WT
The ideal measure would also take into account the specific nature of the risk reduction
commodity that is provided to individuals, as well as the context inhafsk is reduced. To
measure this value, it is important to assess how reductions in air pollution reduce the risk of
dying from the time that reductions take effect onward and how individuals value these changes.
Each individual Gpromhility of swveving beyand & gven ager shdull shift
as a result of an environmental quality improvement. For example, changing the current
probability of survival for an individual al s
survival. This probability shift will differ across individuals because survival curves depend on
such characteristics as age, health state, and the current age to which the individual is likely to
survive.

Although a survival curve approach provides a theoretipa#iferred method for valuing
the benefits of reduced risk of premature mortality associated with reducing air pollution, the
approach requires a great deal of data to implement. The economic valuation literature does not

28 This conclusion was based on an assessment of uncertainty based on statistical error in epidemiological effect
estimates and economic valuation estimates. Additional sources of model error such as those examined in the PM
mortality exgert elicitation may result in different conclusions about the relative contribution of sources of
uncertainty.
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yet include good estimates of thalue of this risk reduction commodity. As a result, in this
study we value reductions in premature mortality risk using the VSL approach.

Other uncertainties specific to premature mortality valuation include the following:

e Acrossstudy variation: Thereis considerable uncertainty as to whether the available
literature on VSL provides adequate estimates of the VSL for risk reductions from air
pollution reduction. Although there is considerable variation in the analytical designs
and data used in the etagy literature, the majority of the studies involve the value of
risks to a middleaged working population. Most of the studies examine differences in

wages of risky occupations, using a hedonic wage approach. Certain characteristics of

both the populadn affected and the mortality risk facing that population are believed to

affect the average WTP to reduce the risk. The appropriateness of a distribution of WTP

based on the current VSL literature for valuing the mortaétgted benefits of

reductiondn air pollution concentrations therefore depends not only on the quality of the

studies (i.e., how well they measure what they are trying to measure), but also on the
extent to which the risks being valued are similar and the extent to which the subjects

the studies are similar to the population affected by changes in pollution concentrations.

e Level of risk reductionThe transferability of estimates of the VSL from the wegk
studies to the context of the PM NAAQS analysis rests on the assuratipwithin a
reasonable range, WTP for reductions in mortality risk is linear in risk reduction. For
example, suppose a study provides a result that the average WTP for a reduction in
mortality risk of 1/100,000 is $50, but that the actual mortality resluction resulting
from a given pollutant reduction is 1/10,000. If WTP for reductions in mortality risk is
linear in risk reduction, then a WTP of $50 for a reduction of 1/100,000 implies a WTP
of $500 for a risk reduction of 1/10,000 (which is 10gsthe risk reduction valued in

the study). Under the assumption of linearity, the estimate of the VSL does not depend
on the particular amount of risk reduction being valued. This assumption has been shown

to be reasonable provided the change in tielb@sng valued is within the range of risks
evaluated in the underlying studies (Rowlatt et al., 1998

e Voluntariness of risks evaluatedslthough jobrelated mortality risks may differ in
several ways from air pollutierelatedmortality risks, the most important difference may

be that jobrelated risks are incurred voluntarily, or generally assumed to be, whereas air

pollution-related risks are incurred involuntarily. Some evidence suggests that people
will pay more to reduc@voluntarily incurred risks than risks incurred voluntarily. If
this is the case, WTP estimates based on wiagestudies may understate WTP to
reduce involuntarily incurred air pollutienrelated mortality risks.
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Sudden versus protracted death: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 pollutioelated risks tend to involve longer periods of disease and
suffering prior to death. Saevidence suggests that WTP to avoid a risk of a protracted
death involving prolonged suffering and loss of dignity and personal control is greater
than the WTP to avoid a risk (of identical magnitude) of sudden death. To the extent that
the mortality rsks addressed in this assessment are associated with longer periods of
iliness or greater pain and suffering than are the risks addressed in the valuation
literature, the WTP measurements employed in the present analysis would reflect a
downward bias.

Seltselection and skill in avoiding riskRecent research (Shogren and Stamland,)2002
suggests that VSL estimates based on hedonic wage studies may overstate the average
value of a risk reduction. This is based on thetfaat the riskwage tradeoff revealed in
hedonic studies reflects the preferences of the marginal worker (i.e., that worker who
demands the highest compensation for his risk reduction). This worker must have either
a higher workplace risk than the averageker, a lower risk tolerance than the average
worker, or both. However, the risk estimate used in hedonic studies is generally based on
average risk, so the VSL may be upwardly biased because the wage differential and risk
measures do not match.

Baselne risk and agelRecent research (Smith, Pattanayak, and Van Houtven, 2006)

finds that because individuals reevaluate their baseline risk of death as they age, the
marginal value of risk reductions does not decline with age as predicted by some lifetime
consumption models. This research supports findings in recent stated preference studies
that suggest only small reductions in the value of mortality risk reductions with

increasing age.

5.4.4.2Chronic Bronchitis Valuation

The best available estimateWTP to avoid a case of CB comes from Viscusi, Magat,

and Huber (1991 The Viscusi, Magat, and Huber study, however, describes a severe case of
CB to the survey respondents. We therefore employ an estimate of VEV&da pollution

related case of CB, based on adjusting the Viscusi, Magat, and Hubey és88tate of the

WTP to avoid a severe case. This is done to account for the likelihood that an average case of
pollution-related CB is not as severe. The adjustment is made by applying the elasticity of WTP
with respect to severity reported in the Krupnick and Cropper §190dy. Details of this
adjustment procedure are provided in the Bien&€echnical Support Document (TSD) for the
Nonroad Diesel rulemaking (Abt Associates, 2003
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We use the mean of a distribution of WTP estimates as the central tendency estimate of
WTP to avoid a pollutiomelated case of CB ithis analysis. The distribution incorporates
uncertainty from three sources: the WTP to avoid a case of severe CB, as described by Viscusi,
Magat, and Huber; the severity level of an average pollugtated case of CB (relative to that
of the case desibed by Viscusi, Magat, and Huber); and the elasticity of WTP with respect to
severity of the illness. Based on assumptions about the distributions of each of these three
uncertain components, we derive a distribution of WTP to avoid a poHtglatedcase of CB
by statistical uncertainty analysis techniques. The expected value (i.e., mean) of this distribution,
which is about $410,000 (2007$), is taken as the central tendency estimate of WTP to avoid a
PM-related case of CB.

5.4.4.3Nonfatal Myocardal Infarctions Valuation

The Agency has recently incorporated into its analyses the impact of air pollution on the
expected number of nonfatal heart attacks, although it has examined the impact of reductions in
other related cardiovascular endpoints. Weége not able to identify a suitable WTP value for
reductions in the risk of nonfatal heart attacks. Instead, we use a COIl unit value with two
components: the direct medical costs and the opportunity cost (lost earnings) associated with the
iliness eveh Because the costs associated with a myocardial infarction extend beyond the initial
event itself, we consider costs incurred over several years. Usikgpagéc annual lost
earnings estimated by Cropper and Krupnick (128 a 3% discount rate, we estimated a
present discounted value in lost earnings (in 2007$) over 5 years due to a myocardial infarction
of $11,080 for someone between the ages of 25 and 44, $16,331 for someone between the ages
of 45 and 54, and $3396 for someone between the ages of 55 and 65. The corresponding age
specific estimates of lost earnings (in 2007$) using a 7% discount rate are $9,920, $14,621, and
$84,513, respectively. Cropper and Krupnick ()9®®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 found three possible sources in the literature of estimates of the direct medical costs
of myocardial infarction:

o Wittels et al. (199Pestimated expected total medical costs of myocardial infarction over
5 years to be $51,211 (in 1986%) for people who were admitted to the hospital and
survived hospitalization. (There does not appear to be any discounting used.) Wittels et
al. was usetb value coronary heart disease in the 812 Retrospective Analysis of the
Clean Air Act. Using the CPU for medical care, the Wittels estimate is $147,359 in
year 2007$. This estimated cost is based on a medical cost model, which incorporated
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therapeut o pti ons, projected outcomes, and pri
as consultants). The model used medical data and medical decision algorithms to
estimate the probabilities of certain events and/or medical procedures being used. The
authorsnote that the average length of hospitalization for acute myocardial infarction has
decreased over time (from an average of 12.9 days in 1980 to an average of 11 days in
1983). Wittels et al. used 10 days as the average in their study. It is uncleaubow
further the length of stay for myocardial infarction may have decreased from 1983 to the
present. The average length of stay for ICD code 410 (myocardial infarction) in the year
2000 Agency for Healthcare Research and Quality (AHRQ) HCUP dataliaSediys.
However, this may include patients who died in the hospital (not included among our
nonfatal myocardial infarction cases), whose length of stay was therefore substantially
shorter than it would be if they had not died.

e Eisenstein et al. (200&stimated 1§ear costs of $44,663 in 19973, or $66,833 in 2007$
for myocardial infarction patients, using statistical prediction (regression) models to
estimate inpatient costs. Only inpatient costs (physician fees andahospit) were
included.

o Russell et al. (1998stimated firsiyyear direct medical costs of treating nonfatal
myocardial infarction of $15,540 (in 1995%$) and $1,051 annually thereafter. Converting
to year 2007$, that would be (hB58 for a Byear period (without discounting) or
$39,256 for a 14§ear period.

In summary, the three different studies provided significantly different values (see Table
5-9).

Table 5-9: Alternative Direct Medical Cost of lliness Estimates for NonfataHeart Attacks

Study Direct Medical Costs (2007%$) Over an xYear Period, for x =
Wittels et al. (199D $147,359 5
Russell et al. (1998 $30,058 5
Eisenstein et al. (2001 $66,833 10
Russell et al. (1998 $39,256 10

aWittels et al. (199Ddid not appear to discount costs incurred in future years.

® Using a 3% discount rate. Discounted values as reported in the study.

As noted above, the estimates from these three studies are substantially different, and we
have not adequately resolved the sources of differences in the estimates. Because the wage
related opportunity cost estimates from Cropper and Krupnick {X@8@r a Syear period, we
used estimates for medical costs that similarly coveyead period (i.e., estimates from Wittels
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et al. (1990 and Russell et al. (1998We used a simple average of the twyear estimates, or
$88,708, and added it to theyBar opportunity cost estimate. The resulting estimates are given
in Table 510.

Table 510: Estimaed Costs Over a 5Year Period (in 2007$) of a Nonfatal Myocardial
Infarction

Age Group Opportunity Cost Medical Cost Total Cost
024 $0 $88,709 $88,709
25i 44 $11,080 $88,709 $99,789
45i 54 $16,33% $88,709 $105,040
55/ 65 $94,396 $88,709 $183,105
>65 $0 $88,709 $88,709

@ An average of the-§ear costs estimated by Wittels et al. (1980d Russell et al. (1988
® From Cropper and Krupnick (199sing a 3%liscount rate.

5.4.4. Hospital Admissions Valuation

In the absence of estimates of societal WTP to avoid hospital visits/admissions for
specific illnesses, estimates of total cost of iliness (total medical costs plus the value of lost
productivity) typicaly are used as conservative, or lower bound, estimates. These estimates are
biased downward, because they do not include the willingogsay value of avoiding pain and
suffering.

The International Classification of Diseases (@D1979) codespecificCOIl estimates
used in this analysis consist of estimated hospital charges and the estimated opportunity cost of
time spent in the hospital (based on the average length of a hospital stay for the illness). We
based all estimates of hospital charges andlesigstays on statistics provided by the Agency
for Healthcare Research and Quality (AHRQ 2000). We estimated the opportunity cost of a day
spent in the hospital as the value of the lost daily wage, regardless of whether the hospitalized
individual is inthe workforce. To estimate the lost daily wage, we divided the 1990 median
weekly wage by five and inflated the result to year 2007$ usingth&CPhial | it ems . 0
resulting estimate is $127.93. The total enfsiliness estimate for an ICD codgpecifichospital
stay lastingh days, then, was the mean hospital charge plus $127.93 multiplied by
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Table 511: Unit Values for Economic Valuation of Health Endpoints (2007%)

Health Endpoint Central Estimate of Value
Per Statistical Incidence

2000 2014 Income Derivation of Distributions of Estimates

Income Level Level

Premature Mortality ~ $7,900,000 $8,700,000 EPA currently recommends a central VSL of $6.31r

(Value of a
Statistical Life)

Chronic Bronchitis $430,000 $480,000
(CB)

12

(2000%) based on a Weibull distribution fitted to 26
published VSL estimates (5 contingent valuation ar
21 labor market studies). The underlying studies, t
distribution parameters, and other useful infation
are available in Appendix B of EPA's current
Guidelines for Preparing Economic Analyses (U.S.
EPA, 2000).

The WTP to avoid a case of pollutioelated CB is
calculated as where x is the severity obarrage CB
case, WTh is the WTP for a severe case of CB, an
$ is the parameter relating WTP to severity, based
the regression results reported in Krupnick and
Cropper (1992). The distribution of WTP for an
average severitievel case of CB was genszd by
Monte Carlo methods, drawing from each of three
distributions: (1) WTP to avoid a severe case of CE
assigned a 1/9 probability of being each of the first
nine deciles of the distribution of WTP responses ir
Viscusi et al. (1991); (2) the severitja pollution
related case of CB (relative to the case described ii
the Viscusi study) is assumed to have a triangular
distribution, with the most likely value at severity
level 6.5 and endpoints at 1.0 and 12.0; and (3) the
constant in the elasticity VTP with respect to
severity is normally distributed with mean = 0.18 ar
standard deviation = 0.0669 (from Krupnick and
Cropper [1992]). This process and the rationale for
choosing it is described in detail in the Costs and
Benefits of the Clean Air Act,990 to 2010 (U.S.
EPA, 1999b).
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Nonfatal
Myocardial
Infarction (heart
attack)

3% discount rate

Age 024

Age 2544
Age 4554
Age 55 65

Age 66 and over

7% discount rate

Age Q 24
Age 25 44
Age 45 54
Age 55 65

Age 66 and over

Hospital

Admissions
Chronic
Obstructive
Pulmonary

Disease (COPD)

Asthma
Admissions

All
Cardiovascular

All respiratory
(ages 65+)

$88,709 $88,709
$99,789 $99,789
$105,040 $105,040
$183,105 $183,105
$88,709 $88,709
$87,889 $87,889
$98,970 $98,970
$104,220 $104,220
$182,285 $182,285
$87,889 $87,889
$17,106 $17,106
$11,366 $11,366
$28,760 $28,760
$24,157 $24,157

No distributional information available. Aggpecific
costof-iliness values refledbst earnings and direct
medical costs over ayEear period following a
nonfatal MI. Lost earnings estimates are based on
Cropper and Krupnick (1990). Direct medical costs
are based on simple average of estimates from Ru
et al. (1998) and Wittels ek §1990).

Lost earnings:

Cropper and Krupnick (1990). Present discounted
value of 5 years of lost earnings:

age of onset: at 3% at 7%
25144 $8,774  $7,855
45154 $12,932 11,578

55/ 65 $74,746 66,920
Direct medical expenses: An average of:
1. Wittels et al(1990) ($102,658 no discounting)
2. Russell et al. (1998);year period ($22,331 at
3% discount rate; $21,113 at 7% discount rate

No distributional informatioravailable. The COI
estimates (lost earnings plus direct medical costs)
based on ICE® codelevel information (e.g., average
hospital care costs, average length of hospital stay
and weighted share of total COPD category illness:
reported in Agency foHealthcare Research and
Quality (2000) (www.ahrg.gov).

No distributional information available. The COI
estimates (lost earnings plus direct medical costs)
based on ICE® codelevel information (e.g., average
hosptal care costs, average length of hospital stay,
and weighted share of total asthma category illnes:
reported in Agency for Healthcare Research and
Quality (2000) (www.ahrg.gov).

No distributional information availdé. The COI
estimates (lost earnings plus direct medical costs)
based on ICE® codelevel information (e.g., average
hospital care costs, average length of hospital stay
and weighted share of total cardiovascular categor
illnesses) reported in Agendégr Healthcare Researct
and Quality (2000) (www.ahrg.gov).

No distributions available. The COI point estimates
(lost earnings plus direct medical costs) are based
ICD-9 code level information (e.g., averdgespital
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.ahrq.gov).
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All respiratory
(ages 02)

Emergency Room
Visits for Asthma

$10,402

$385

$10,402 No distributions availabléelfhe COI point estimates

$385

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

No distributional information available. Simple
average of two unit COI values:

(1) $311.55, from Smith et al. (1997) and

(2) $260.67, from Stanford et al. (1999

Respiratory Ailments Not Requiring Hospitalization

Upper Respiratory
Symptoms (URS)

Lower
Respiratory
Symptoms (LRS)

Asthma
Exacerbations

$30

$19

$52

$20

$54

$31

Combinations of the three symptoms for which WT
estimates are available that closely match those lis
by Pope et al. result i
clusters, 0 each descrit
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. In the absence of information surrounding tl
frequency with which each of the seven types of Ul
occurs within the URS symptom complex, we
assumed a uniform distribution between $9.2 and
$43.1.

Combinations of the four symptoms for which WTP
estimates aravailable that closely match those liste
by Schwartz et al. resu
clusters, 0 each descrit
value was derived for each type of LRS, using-mid
range estimates of WTP (IEc, 1994) to avoid each
symptom inthe cluster and assuming additivity of
WTPs. The dollar value for LRS is the average of tl
dollar values for the 11 different types of LRS. In th
absence of information surrounding the frequency
with which each of the 11 types of LRS occurs with
the LRS symptom complex, we assumed a uniform
distribution between $6.9 and $24.46.

Asthma exacerbations are valued at $45 per incide
based on the mean of average WTP estimates for 1
four severity defdayitoc
described in Rowe and Chestnut (1986). This study
surveyed asthmatics to estimate WTP for avoidanc
a Abad asthma day, 06 as
purposes of valuation, an asthma exacerbation is
assumed to be equivalent to a day in whichrastis
moderate or worse as reported in the Rowe and
Chestnut (1986) study. The value is assumed have
uniform distribution between $15.6 and $70.8.
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Acute Bronchitis $430 $450 Assumes a-@lay episode, with the distribution of the
daily value specified asniform with the low and high
values based on those recommended for related
respiratory symptoms in Neumann et al. (1994). Th
low daily estimate of $10 is the sum of the méghge
values recommended by [Et994)for two sympbms
believed to be associated with acute bronchitis:
coughing and chest tightness. The high daily estim
was taken to be twice the value of a minor respiratc
restrictedactivity day, or $110.

Work Loss Days Variable Variable No distribution available. Point estimate is based ol
(WLDs) (U.S. median (U.S. median countyspecific median annual wages divided by 5C
=$130) =$130) (assuming 2 weeks of vacation) and then &y& get

median daily wage. U.S. Year 2000 Census, compi
by Geolytics, Inc.

Minor Restricted $61 $64 Median WTP estimate to avoid one MRAD from
Activity Days Tolley et al. (1986). Distribution is assumed to be
(MRADS) triangular with a minimum of $22 and a maximum ¢

$83, with a most likely value of $52. Range is base
on assumpbn that value should exceed WTP for a
single mild symptom (the highest estimate for a sin
symptond for eye irritatio® is $16.00) and be less
than that for a WLD. The triangular distribution
acknowledges that the actual value is likely to be
closer to tle point estimate than either extreme.

School Absence $90 $90 No distribution available
Days

A Due to a clerical error, the VSL estimates summarized in the proposal RIA were incorrectly reported; t
error was not present in the calculation of mortality impacts.

5.4.4.5AsthmaRelated Emergency Room Visits Valuation

To value asthma emergency nowisits, we used a simple average of two estimates
from the health economics literature. The first estimate comes from Smith et al. (1997), who
reported approximately 1.2 million asthwrelated emergency room visits in 1987, at a total
cost of $186.5 milbn (19873%). The average cost per visit that year was $155; in 2007$, that
cost was $419.37 (using the G@PIfor medical care to adjust to 2007$). The second estimate
comes from Stanford et al. (1999), who reported the cost of an average-esititeth
emagency room visit at $350.87, based on 199®7 data. A simple average of the two
estimates yields a (rounded) unit value of $385.

5.4.4.6Minor Restricted Activity Days Valuation

No studies are reported to have estimated WTP to avoid a minor resigttety

day. However, one of EPAOGS contractors, I
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to pay to avoid a minaespiratoryrestricted activity day, using estimates from Tolley et al.
(1986) of WTP for avoiding a combination of coughing, thamtgestion and sinusitis. The

IEc estimate of WTP to avoid a minor respiratory restricted activity day is $38.37 (1990%), or
about $63.09 (2007%).

Although Ostro and Rothschild (1989) statistically linked ozone and minor restricted
activity days, it is lilkely that most MRADs associated with ozone exposure are, in fact, minor
respiratoryrestricted activity dayddowever, br the purpose of valuing this health endpoint,
we used the estimate of mean WTP to avoid a minor respiratory restricted activity day.

54.4.7School Absences Valuation

To value a school absence, we: (1) estimated the probability that if a school child
stays home from school, a parent will have to stay home from work to care for the child; and
(2) wvalued t he | os $wager Todaothust weestimayed thetnumbéref p ar e
families with schooclge children in which both parents work, and we valued a stb&ml
day as the probability that such a day also would result in aMsskday. We calculated this
value by multiplying tle proportion of households with schege children by a measure of
lost wages.

We used this method in the absence of a preferable WTP method. However, this
approach suffers from several uncertainties. First, it omits willingness to pay to avoid the
symptans/iliness that resulted in the school absence; second, it effectively gives zero value
to school absences that do not result in wods days; and third, it uses conservative
assumptions about the wages of the parent staying home with the child. Emsigethod
assumes that parents are unable to work from home. If this is not a valid assumption, then
there would be no lost wages.

For this valuation approach, we assumed that in a household with two working
parents, the female parent will stay home with a sick child. From the Statistical Abstract of
the United States (U.S. Census Bureau, 2001), we obtained: (1) the numbers of single,
married and fAothero (widowed, di vorced or se
the rates of participation in the workforce
children. From these two sets of statistics, we calculated a weighted avartagpaiion
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rate of 72.85 percent.

Our estimate of daily lost wage (wages lost if a mother must stay at home with a sick
child) is based on the year 2007 median weekly wage among women ages 25 and older (U.S.
Census Bureau, 2001). This median weekly wa@b75. Dividing by five gives an
estimated median daily wage of $140. To estimate the expected lost wages on a day when a
mother has to stay home with a schagé child, we first estimated the probability that the
mother is in the workforce then multigdl that estimate by the daily wage she would lose by
missing a workday: 72.85 percent times $140, for a total loss of $98.48. This valuation
approach is similar to that used by Hall et al. (2003).

5.4.4.8 Visibility Valuation

Reductions in N@and SQ emissions along with the secondary formation ob, BM
would improve the level of visibility throughout the United States because these suspended
particles and gases degrade visibility by scattering and absorbing light (U.S. EPA, 2009d).
Visibility is alsoreferredto as visual air quality (VAQ), and it directly affeqise o p| e 6 s
enjoyment ofa variety ofdaily activities (U.S. EPA, 2009d)Goodvisibility increases
guality of life where individualéve and work,and wherehey travel for recreational
actuities, includingsites of unique public value, such as the Great Smoky Mountains
National Park. This section discusses the measurement of the economic benefits of improved
visibility. Visibility benefit estimates are generated for all Class | areagib 18., though
the majority of the air quality improvements occur among eastern states.

Visual air quality (VAQ) is commonly measured as either light extinction, which is
defined as the loss of light per unit of distance in terms of inverse megametets ¢ivime
deciview (dv) metric (Pitchford and Malm, 199which is a logarithmic function of
extinction. Extinction and deciviews are physical measures of the amount of visibility

i mpairment (e.g., the amount o fincrBaBilgastie) , wi t
amount of haze increases. Pitchford and M@le®4)characterize a change of one deciview
as Aa small but percepti bl e dightextinctionaishtheange un

optical characteristic of the atmosphere that ocetnen light is either scattered or absorbed,
which converts the light to heat. Particulate matter and gases can both scatter and absorb
light. Fine particles with significant ligkextinction efficiencies include sulfates, nitrates,
organic carbon, elemtl carbon, and soil (Sisler, 1996)he extent to which any amount of

12¢



l ight extinction affects a persondés ability
characteristics. For example, the appearance of a nearby object (i.e. a building) Isygenera
less sensitive to a change in light extinction than the appearance of a similar object at a

greater distanceSee Figure 8 for an illustration of the important factors affecting
visibility.

Figure 5-3: Important factors involved in seeing a sceniwista (Malm, 1999)
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In conjunction with the U.S. National Park Service, the U.S. Forest Service, other
Federal land managers, and State organizations in the U.S., the U.S. EPA has supported
visibility monitoring in national parks and wilderness argiase 1988. The monitoring
network known as IMPROVE (Interagency Monitoring of Protected Visual Environments)

includes 15 sites that represent almost all of the Class | areas across the country (see Figure
5-4) (U.S. EPA, 2009d).



Figure 5-4: Mandatory Class | Areas in the U.S.
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Annual average visibility conditions (reflecting light extinction due to both
anthropogenic and neemthropogenic sources) vary regionally across the U.S. (U.S. EPA,
2009d). Particulate sulfate is the dominant soun€eegonal hazen theeastern U.S (>50%
of the particulate light extinctiorgnd an important contributtw haze elsewhere in the
country (>20% of particulate light extinctiol).S. EPA, 200d). Higher visibility
impairment levels in the East are due toagaity higher concentrations of fine particles,
particularly sulfates, and higher average relative humidity leelsS. EPA, 2009d).

Humidity increases visibility impairment because some particles such as ammonium sulfate
and ammonium nitrate absorbternand form droplets that become larger when relative
humidity increases, thus resulting in increased light scattering (U.S. EPA, 2009d).

While visibility trends have improved in most Class | areas, the recent data show that
these areas continue to suffeom visibility impairment. In eastern parks, average visual
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range has decreased from 90 miles t2%5niles, and in the West, visual range has
decreased from 140 miles t0-98 miles (U.S. EPA, 2004; U.S. EPA, 1999b).

EPA distinguishes benefifsom two categories of visibility changes: residential
visibility and recreational visibility. In both cases economic benefits are believed to consist
of use values and nonuse values. Use values include the aesthetic benefits of better visibility,
improved road and air safety, and enhanced recreation in activities like hunting and
birdwatching. Nonuse values are based on pe
exist free of humaimduced haze. Nonuse values may be more important for recreational
areas, particularly national parks and monuments.

Residential visibility benefits are those that occur from visibility changes in urban,
suburban, and rural areas. In previous assessments, EPA used a study on residential visibility
valuation conducted ih990 (McClelland et al., 1993 Subsequently, EPA designated the
McClelland et al. study as significantly less reliable for regulatory berwditanalysis
consistent with SAB advice (U.S. EP®AB, 1999. Although a wide range of published,
peerreview literature supports a na@ero value for residential visibility (Brookshire et al.,

1982; Rae, 1983; Tolley et al., 1986; Chestnut and Rowe, 1990c; McClleand et3l., 199
Loehman et al., 1994), the residential visibility benefits have not been calculated in this
analysis.

For recreational visibilityEPA has determined thahly one existing study provides
monetary estimates of the value of changesaneational visibity; a contingent valuation
(CV) surveyconducted by Chestnut and Rowe in 1988dstnut and Rowe, 1990a; 1990b
Although there argeverabther studies in the literatuom recreational visibility valuatign
theyare older andiseless robusinethods. n EP A& s | Chdsthmend Rowe t h e
studycontains many of the elements of a valid CV stadyg is sufficiently reliable to serve
as the basis for monetary estimates of the benefits of visibility changes atim@takareas.
There has been a great deal of controversy and significant development of both theoretical
and empirical knowledge about how to conduct CV surveys in thepagke of decadesin
EPAG6s judgment, the Chest nfihe elanerds ofRawalickeCVst udy
study and is sufficiently reliable to serve as the basis for monetary estimates of the benefits of
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visibility changes in recreational arédsThis study serves as an essential input to our
estimates of the benefits of reciieatl visibility improvements in the primary benefits
estimates.

For the purposes of this analysis, recreational visibility improvements are defined as
those that occur specifically in federal Class | af®as key distinction between recreational
and esidential benefits is that only those people living in residential areas are assumed to
receive benefits from residential visibility, while all households in the United States are
assumed to derive some benefit from improvements in Class | areas. M&@ssumed to
be higher if the Class | area is located close to their Hbiftee Chestnut and Rowe study
measured the demand for visibility in Class | areas managed by the National Park Service
(NPS) in three broad regions of the country: CaliforniaSixthwest, and the Southeast.
Respondents in five states were asked about their WTP to protect national parks or NPS
managed wilderness areas within a particular region. The survey used photographs reflecting
different visibility levels in the specifietcreational areas. The visibility levels in these
photographs were later converted to deciviews for the current analysis. The survey data
collected were used to estimate a WTP equation for improved visibility. In addition to the
visibility change vamble, the estimating equation also included household income as an
explanatory variable.

The Chestnut and Rowersey measurd the demanébor visibility in Class | areas
managed byhe NPS inthreebroadregionsof the country that include8b of the 156 @&ss |
areas California,the ColoradoPlateau (Southwesiind the Southeast area#/e can infer
the value of visibility changes in the other Class | areas by transferring values of visibility
changes at Class | areas in the study regions. A compktem®n of the benefits transfer

2%An SAB advisor y | etter indicates that fAmany members
study is the bSAB-COUIGILAADV-20002¢1899). EFP. Adowever, the committee did
not formally approve use of these estimates because of concerns about-tegipeed status of the study.
EPA believes the study has receietkquate review and has been cited in numerous@édewed
publications (Chestnut and Dennis, 1297

30 Epa hagdesignatd 156 areas asmandatoryClass Ifederalareas for visibility protectionncluding national
parks that exceed 6,000 acres and wilderness areas that exceed 5,000 acres (80.@%HR §

31 For details of the visibility estimates discussed in this chapter, please refer to the Benefits TSD for the
Nonroad Diesel rulemaking (Abt Associates, 2003

132



method used to infer values for visibility changes in Class | areas outside the study regions
is provided in théAppendix | of the PM NAAQS RIA (U.S. EPA, 2006).

The Chestnut and Rowe study (Chestnut and Rowe, 1990&y)1888ough
representing the best available estimates, has a number of limitations. These include the
following:

e Thevintageof the suvey (late 1980s)nvites questions whethéne valuesvould still
bevalid for currentpopulationspr more importantly for this analysijture
populationsn 2014

The survey focused only on populations in five states, so the application of the estimated
values to populations outside those states requires that preferences afipapirh
the five surveyed states be similar to those ofsunveyed states.

e There is an inherent difficulty in separating values expressed for visibility
improvements from an overall value for improved air quality. Theeguattempted

tocontrolforhi s by i nforming respondents that A
about visibility, human health, and vegetation protections in urban areas and at
nati onal parks in other regions. o0 Howeve

they were able to seggate visibility at national parks entirely from residential
visibility and health effects.

e Itis not clear exactly what visibility improvements the respondents to the Chestnut
and Rowe survey were valuing. The WTP question asked about changes in average
visibility, but the survey respondents were shown photographs of only summertime
conditions, when visibility is generally at its worst. It is possible that the respondents
believed those visibility conditions held yeaund, in which case they would reav
been valuing much larger overall improvements in visibility than what otherwise
would be the case. For the purpose of the benefits analysis for this rule, EPA assumed
that respondents provided values for changes in annual average visibility. Because
mog policies will result in a shift in the distribution of visibility (usually affecting the
worst days more than the best days), the annual average may not be the most relevant
metric for policy analysis.
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e The survey did not include reminders of possiblesstilies (e.g., visibility at other
parks) or budget constraints. These reminders are considered to be best practice for
stated preference surveys.

e The Chestnut and Rowe survey focused on visibility improvements in and around
national parks and wilderneaseadn three regions of the United States: Southwest,
Southeast and Californigiven that national parks and wilderness areas exhibit
unique characteristics, it is not clear whether the WTP estimate obtained from
Chestnut and Rowe can be transfergedther national parks and wilderness areas,
without introducing additional uncertainty.

In general, the survey design and implementation reflect the period in which the
survey was conducted. Since that time, many improvements to the stated preference
metodology have been developed. As future survey efforts are completed, EPA will
incorporate values for visibility improvements reflecting the improved survey designs.

The estimated relationship from the Chestnut and Rowe study is only directly
applicable ¢ the populations represented by survey respondents. EPA used benefits transfer
methodology to extrapolate these results to the population affected by the reductions in
precursor emissions associated with this rule. A general WTP equation for improved
visibility (measured in deciviews) was developed as a function of the baseline level of
visibility, the magnitude of the visibility improvement, and household income. The
behavioral parameters of this equation were taken from analysis of the Chestnutvand Ro
data. These parameters were used to calibrate WTP for the visibility changes resulting from
this rule. The method for developing calibrated WTP functions is based on the approach
developed by Smith et al. (2002Available evdence indicates that households are willing to
pay more for a given visibility improvement as their income increases (Chestnut, T9@/
benefits estimates here i ncorporate Chestnut
assocated with a 0.9% increase in WTP for a given change in visibility. A more detailed
explanation of the visibility benefits methodology is provided in Appendix | of the PM
NAAQS RIA (U.S. EPA, 2006).
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One major source of uncertainty for the visibility betsefistimate is the benefits
transfer process used. Judgments used to choose the functional form and key parameters of
the estimating equation for WTP for the affected population could have significant effects on
the size of the estimates. Assumptionsuthmw individuals respond to changes in visibility
that are either very small or outside the range covered in the Chestnut and Rowe study could
also affect the results.

In addition, our estimate @isibility benefits is incomplete. For example, we
anticipate improvement in visibility in residential areas within the Transport Rule region for
which we are currently unable to monetize benefits as well as improvements in recreational
visibility in the Northeastern and Central regions of the U.S. vaheesof visibility benefits
in areas where we were unable to monetize benefits could also be substantial.

5.4.4.9 Growth in WTP Reflecting National Income Growth Over Time

Our analysis accounts for expected growth in real income over time. Economic
theory arges that WTP for most goods (such as environmental protection) will increase if
real incomes increase. There is substantial empirical evidence that the income &asticity
WTP for health risk reductions is positive, although there is uncertainty abextitt value.

Thus, as real income increases, the WTP for environmental improvements also increases.
Although many analyses assume that the income elasticity of WTP is unit elastic (i.e., a 10%
higher real income level implies a 10% higher WTP to redis&echanges), empirical

evidence suggests that income elasticity is substantially less than one and thus relatively
inelastic. As real income rises, the WTP value also rises but at a slower rate than real
income.

The effects of real income changes onR\8stimates can influence benefits
estimates in two different ways: through real income growth between the year a WTP study
was conducted and the year for which benefits are estimated, and through differences in
income between study populations and thecad populations at a particular time.
Empirical evidence of the effect of real income on WTP gathered to date is based on studies
examining the former. The Environmental Economics Advisory Committee (EEAC) of the

32 o . . .
Income elasticity is a common economic measure equal to the percentage change in WTP for a 1% change in
income.
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Science Advisory Board (SAB) advise® k& to adjust WTP for increases in real income

over time but not to adjust WTP to accountforcr®ss ct i on al income diff el
of the sensitivity of making such distinctions, and because of insufficient evidence available

at pr es e n4SAB, 2000a).SA recé&nPaflvisory by another committee associated

with the SAB, the Advisory Council on Clean Air Compliance Analysis, has provided

conflicting advice. Whil e agreeing with Ath
reduce mortalityisks is likely to increase with growth in real income (U.S. EP¥B,
2004 a, p . 52)0 and that AThe same increase

nonfatal health effects (U.S. EPAA B, 2004 a, p . 52),0 they note
and unertainties in the available empirical evidence, the Council does not support the use of
the proposed adjustments for aggregate income growth as part of the primary analysis (U.S.
EPASAB, 2004 a, p . 53).0 unt i | t hledsE€AwIlo nf | i ct
continue to adjust valuation estimates to reflect income growth using the methods described
below, while providing sensitivity analyses for alternative income growth adjustment factors.

Based on a review of the available income elasticity literature, we adjusted the
valuation of human health benefits upward to account for projected growth in real U.S.
income. Faced with a dearth of estimates of income elasticities derived frosetise
studies, we applied estimates derived from esestional studies in our analysis. Details of
the procedure can be found in Kleckner and Neumann {1999 abbreviated description of
the procedure we used to accoumtWWT P for real income growth between 1990 and 2014 is
presented below.

Reported income elasticities suggest that the severity of a health effect is a primary
determinant of the strength of the relationship between changes in real income and WTP. As
such,we use different elasticity estimates to adjust the WTP for minor health effects, severe
and chronic health effects, and premature mortality. Note that because of the variety of
empirical sources used in deriving the income elasticities, there may appear
inconsistencies in the magnitudes of the income elasticities relative to the severity of the
effects @ priori one might expect that more severe outcomes would show less income
elasticity of WTP). We have not imposed any additional restrictionseoarhpirical
estimates of income elasticity. One explanation for the seeming inconsistency is the
difference in timing of conditions. WTP for minor illnesses is often expressed as a short
term payment to avoid a single episode. WTP for major illnessesartality risk
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reductions are based on longer term measures of payment (such as wages or annual
income). Economic theory suggests that relationships become more elastic as the length of
time grows, reflecting the ability to adjust spending over a lotiger period. Based on this
theory, it would be expected that WTP for reducing long term risks would be more elastic
than WTP for reducing short term risks. We also expect that the WTP for improved visibility
in Class | areas would increase with growthi@al income. The relative magnitude of the
income elasticity of WTP for visibility compared with those for health effects suggests that
visibility is not as much of a necessity as health, thus, WTP is more elastic with respect to
income. The elasticityalues used to adjust estimates of benefits in 2014 are presented in
Table 512.

Table 512: Elasticity Values Used to Account for Projected Real Income Growth

Benefit Category Central Elasticity Estimate
Minor Health Effect 0.14
Severe and Chronidealth Effects 0.45
Premature Mortality 0.40
Visibility 0.90

& Derivation of estimates can be found in Kleckner and Neumann 3889Chestnut (1997 COI
estimates are assigned an adjustrfetor of 1.0.

In addition to elasticity estimates, projections of real gross domestic product (GDP)
and populations from 1990 to 2020 are needed to adjust benefits to reflect real per capita
income growth. For consistency with the emissions and ben&dideling, we used national
population estimates for the years 1990 to 1999 based on U.S. Census Bureau estimates
(Hollman, Mulder, and Kallan, 2000 These population estimates are based on application
of a cohortcomponent model applied to 1990 U.S. Census data projections (U.S. Bureau of
Census, 2000 For the years between 2000 and 2014, we applied growth rates based on the
U.S. Census Bureau projections to the U.S. Censusatstohnational population in 2000.

We used projections of real GDP provided in Kleckner and Neumann)(fi@38e years



1990 to 20102 We used projections of real GDP (in chained 1996 dollars) provided by
Standard andd®o r 6 s) fof tBeOy@afs 2010 to 20F4.

Using the method outlined in Kleckner and Neumann (188€ the population and
income data described above, we calculated WTP adjustment famteesch of the elasticity
estimates listed in Table B3. Benefits for each of the categories (minor health effects,
severe and chronic health effects, premature mortality, and visibility) are adjusted by
multiplying the unadjusted benefits by the appateradjustment factor. Note that, for
premature mortality, we applied the income adjustment factor to the present discounted value
of the stream of avoided mortalities occurring over the lag period. Also note that because of
a lack of data on the dep#ence of COIl and income, and a lack of data on projected growth
in average wages, no adjustments are made to benefits based on the COI approach or to work
loss days and worker productivity. This assumption leads us to underpredict benefits in
future yeas because it is likely that increases in real U.S. income would also result in
increased COI (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 also be
higher).

Table 513: Adjustment Factors Used to Account for Projected Real Income Growth

Benefit Category 2014
Minor Health Effect 1.04
Severe and Chronic Health Effects 1.16
Premature Mortality 1.14
Visibility 1.35

& Based on elasticity values reported in Tab ®.S. Census population projections, and projections of
real GDP per capita.

33.s. Bureau of Economic Analysis, Table 2A (1992%) (available 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 GDhPajeswtetween
1999 and 2007.

*n previous analyses, we used the Standard and¥pajections of GDP directly. This led to an apparent
discontinuity in the adjustment factors between 2010 and 2011. We refined the method by applying the

relative growh rates for GDP derived from the Standard and &qmojections to the 2010 projected GDP
based on the Bureau of Economic Analysis projections.
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5.5 Unquantified Health and Welfare Benefits

This analysis is limited by the available data and resources. As such, we are not able
to quantify several welfare benefit categories, as shown in Tahlel® this section, we
provide a qualitative assessment of some ofithprwelfare benefit categ@sassociated
with reducingNO, and SQ emissions: health and ecosystem benefits of reducing nitrogen
and sulfur emissions and deposition and vegetation benefits from reducing’d#one.
addition, there are mercury benefits associated with reducing mercury emissions and the role
of sulfate deposition in mercury methylatiov/hile we were unable to quantify how large
these benefits might be as a result of the emission reductions athiethés rule, previous
EPA assessments show that these benefits could be substantial (U.S. EPA, 2008f; U.S. EPA,
2009c; U.S. EPA, 2007b; U.S. EPA, 1999b). The omission of these endpoints from the
monetized results should not imply that the impacts raadl ©r unimportant.

5.5.1 Ecosystem Services

Ecosystem services can be generally defined as the benefits that individuals and
organizations obtain from ecosystems. EPA has defined ecological goods and services as the
Afout puts of e crprbcesyds tha tirectlywonimdirectly costribute to social
welfare or have the potential to do so in the future. Some outputs may be bought and sold,
but most are not mar ket &drovidds the MillenniearP A, 2006 b))
Ecosyst em sfschenmscslamensttating the connections between the categories of
ecosystem services and human vioeling. The interrelatedness of these categories means
that any one ecosystem may provide multiple services. Changes in these services can affect
human vell-being by affecting security, health, social relationships, and access to basic
material goods (MEA, 2005).

In the Millennium Ecosystem Assessment (MEA, 2005), ecosystem services are
classified into four main categories:

% Some guantitative estimates of the total value of certain recreational and environmental goods given curren

and historic emission levels are provided below. They do not reflect benefits that would accrue as a result of this
result. However, these valueswio be expected to increase as emissions are decreased a result of this rule.
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1. Provisioning: Products obtainém ecosystems, such as the production of food and
water

2. Regulating: Benefits obtained from the regulation of ecosystem processes, such as the
control of climate and disease

3. Cultural: Nonmaterial benefits that people obtain from ecosystems throughaipirit
enrichment, cognitive development, reflection, recreation, and aesthetic experiences

4. Supporting: Services necessary for the production of all other ecosystem services, such as
nutrient cycles and crop pollination
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Figure 5-5: Linkages between categtes of ecosystem services and components of
human well-being from Millennium Ecosystem Assessment (MEA, 2005)
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The monetization of ecosystem services generally involves estimating the value of
ecological goods and services based on what people argwvdipay (WTP) to increase
ecological services or by what people are willing to accept (WTA) in compensation for
reductions in them (U.S. EPA, 2006b). There are three primary approaches for estimating
the monetary value of ecosystem services: mayls€l approaches, revealed preference
methods, and stated preference methods (U.S. EPA, 2006b). Because economic valuation of
ecosystem services can be difficult, nonmonetary valuation using biophysical measurements
and concepts also can be used. An exawipenonmonetary valuation method is the use of
relativevalue indicators (e.g., a flow chart indicating uses of a water body, such as boatable,
fishable, swimmable, etc.). Itis necessary to recognize that in the analysis of the
environmental responsessaciated with any particular policy or environmental management
action, only a subset of the ecosystem services likely to be affected are readily identified. Of
those ecosystem services that are identified, only a subset of the changes can be quantified.
Within those services whose changes can be quantified, only a few will likely be monetized,
and many will remain nonmonetized. The stepwise concept leading up to the valuation of
ecosystems services is graphically depicted in Figtge 5
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Figure 5-6: Schematic of the benefits assessment proc€ssS. EPA, 2006b)
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5.5.2 Ecosystem Benefits of Reduced Nitrogen and Sulfur Deposition
5.5.2.1 Science of Deposition

Nitrogen and sulfur emissions occur over large regions of North America. Once these
pollutants are lofted to the middle and upper troposphere, they typically have a much longer
lifetime and, with the generally stronger winds at these altitudes, can be transported long
distances from their source regions. The length scale of this transpigttlis variable
owing to differing chemical and meteorological conditions encountered along the transport
path (U.S. EPA, 2008f).. Sulfur is primarily emitted as,Sd nitrogen can be emitted as
NO, NO, or NH;. Secondary particles are formed from,Nd SQ gaseous emissions and
associated chemical reactions in the atmosphere. Deposition can occur in either a wet (i.e.,
rain, snow, sleet, hail, clouds, or fog) or dry form (i.e., gases or particles). Together these
emissions are deposited onto tstral and aquatic ecosystems across the U.S., contributing
to the problems of acidification, nutrient enrichment, and methylmercury production as
represented in Figus&-7 and 58. Although there is some evidence that nitrogen deposition
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may have positie effects on agricultural and forest output through passive fertilization, it is
likely that the overall value is very small relative to other health and welfare effacts.
addition to deposition effects, $Can affect vegetation at ambient levels neaiution

sources.
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Figure 5-7: Schematics of Ecological Effects of Nitrogen and Sulfur Deposition
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Figure 5-8. Nitrogen and sulfur cycling, and interactions in the environment (U.S.
EPA, 2008f)
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Theatmospheridifetimes of particles varwith particle size. Accumulatiemode particles
such as sulfates are kept in suspension by normal air motions and have a lower deposition
velocity than coarsenode particles; they can be transported thousands of kilometers and
remain in the atmosphere famumber of days. They are removed from the atmosphere
primarily by cloud processes. Particulates affect acid deposition by serving as cloud
condensation nuclei and contribute directly to the acidification of rain. In addition, the gas
phase speciesdhlead to the dry deposition of acidity are also precursors of particles.
Therefore, reductions in N@nd SQ emissions will decrease both acid deposition and PM
concentrations, but not necessarily in a linear fashion. (U.S. EPA, 2008f). Sulfuiie acid
also deposited on surfaces by dry deposition and can contribute to environmental effects
(U.S. EPA, 2008f).

5.5.2.2 Ecological Effects of Acidification

Deposition of nitrogen and sulfur can cause acidification, which alters

biogeochemistry and affects animal and plant life in terrestrial and aquatic ecosystems across
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the U.S. Soil acidification is a natural process, but is often accelerated by acidifying
deposition, which can decrease concentrations of exchangeable base cations in soils (U.S.
EPA, 2008f). Major terrestrial effects include a decline in sensitive tree species, such as red
spruce Picea rubensand sugar maplé\€er saccharuin(U.S. EPA, 208f). Biological

effects of acidification in terrestrial ecosystems are generally linked to aluminum toxicity and
decreased ability of plant roots to take up base cations (U.S. EPA, 2008f). Decreases in the
acid neutralizing capacity and increases in iaarg aluminum concentration contribute to
declines in zooplankton, macro invertebrates, and fish species richness in aquatic ecosystems
(U.S. EPA, 2008f).

Geology (particularly surficial geology) is the principal factor governing the
sensitivity of terrstrial and aquatic ecosystems to acidification from nitrogen and sulfur
deposition (U.S. EPA, 2008f). Geologic formations having low base cation supply generally
underlie the watersheds of a@dnsitive lakes and streams. Other factors contribute to the
sensitivity of soils and surface waters to acidifying deposition, including topography, soil
chemistry, land use, and hydrologic flow path (U.S. EPA, 2008f).

5.5.2.3 Aquatic Ecosystems

Aquatic effects of acidification have been well studied in the &h8.elsewhere at various
trophic levels. These studies indicate that aquatic biota have been affected by acidification at
virtually all levels of the food web in acid sensitive aquatic ecosysterii$ie ISA for

NOx/SOxi Ecological Criteria concludedhat the evidence is sufficient to infer a causal
relationship between acidifying deposition and effects on biogeochemistry related to aquatic
ecosystems and biota in aquatic ecosystems (U.S. EPA, 20B88cts have been most

clearly documented for fistaquatic insects, other invertebrates, and algae. Biological effects
are primarily attributable to a combination of low pH and high inorganic aluminum
concentrations. Such conditions occur more frequently during rainfall and snowmelt that
cause high flars of water and less commonly during kaw conditions, except where

chronic acidity conditions are severe. Biological effects of episodes include reduced fish
condition factot®, changes in species composition and declines in aquatic species richness

38 Condition factor is aindex that describes the relationship between fish weight and length, and is one
measure of sublethal acidification stress that has been used to quantify effects of acidification on an individual
fish (U.S.EPA, 2008f).
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aaoss multiple taxa, ecosystems and regions. These conditions may also result in direct

fish mortality (Van Sickle et al., 1996). Biological effects in aquatic ecosystems can be

divided into two major categories: effects on health, vigor, and reprodsciteess; and
effects on biodiversity. Surface water with
provides moderate protection for most fish (i.e., brook trout, others) and other aquatic
organisms (U.S. EPA, 2009c). Tabld% provides a summary of théological effects

experienced at various ANC levels.

Table 514: Aquatic Status Categories

Category Label ANC Levels Expected Ecological Effects
<0 micro Near complete loss of fish populatiaeexpected. Planktonic communities
Acute . . . . . -
Concern equivalent per | have extremely low diversity and are dominated by acidophilic forms. Th
Liter ( {numberofindividuals in plankton species that are present is greatly redy
Severe Highly sensitive to episodic acidification. During episodes of high acidify|
Concern 0i2 0 ¢ e g | deposition, brook trout populations may experience lethal effects. Divers

and distribution of zooplankton communities decline sharply.

Fishspecies richness is greatly reduced (i.e., more than half of expected
Elevated species can be missing). On average, brook trout populations experieng

Concern 2050 eeq sublethal effects, including loss of health, reproduction capacity, and fitng
Diversity and distribution of@plankton communities decline.
Fish species richness begins to decline (i.e., sensitive species are lost fr
Moderate . lakes). Brook trout popu!ations_ ar_e S(_ensitive and variable, with pg_ssible
Concern 5001100 ¢e sub!ethal effe_cts. Dlverglty aristribution of zooplar.wk_toh commun_|_t|es als
begin to decline as species that are sensitive to acidifying deposition are
affected.
Low Fish spgcies richness may be unf':lffe.cted.. Reproducing brook trout N
Concern >100 ¢ e ( populations are expected whérahitat is suitable. Zooplankton communiti

are unaffected and exhibit expected diversity and distribution.

A number of national and regional assessments have been conducted to estimate the
distribution and extent of surface water acidity in the U.S (U.S. EPA, 2008f). As a result,
several regions of the U.S. have been identified as containing a large nuralkesaind
streams that are seriously impacted by acidification. Fig@réldstrates those areas of the
U.S. where aquatic ecosystems are at risk from acidification.



Figure 5-9: Areas Potentially Sensitive to Aquatic Acidification (U.SEPA, 2008f)
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Because acidification primarily affects the diversity and abundance of aquatic biota, it
also affects the ecosystem services that are derived from the fish and other aquatic life found
in these surface waters.

While acidification is unlikelyto have serious negative effects on, for example, water
supplies, it can limit the productivity of surface waters as a source of food (i.e., fish). In the
northeastern United States, the surface waters affected by acidification are not a major source
of commercially raised or caught fish; however, they are a source of food for some
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recreational and subsistence fishermen and for other consumers. For example, there is
evidence that certain population subgroups in the northeastern United States, such as the
Hmong and Chippewa ethnic groups, have particularly high rates -afasejht fish
consumption (Hutchison and Kraft, 199%terson et al., 1994However, it is not known if
and how theiconsumption patterns are affected by the reductions in available fish
populations caused by surface water acidification.

Inland surface waters support several cultural services, including aesthetic and
educational services and recreational fishing. Réored fishing in lakes and streams is
among the most popular outdoor recreational activities in the northeastern United States.
Based on studies conducted in the northeastern United States, Kaval and Loomis (2003)
estmated average consumer surplus values per day of $36 for recreational fishing (in 2007
dollars); therefore, the implied total annual value of freshwater fishing in the northeastern
United States was $5.1 billion in 208/6For recreation days, consumerus value is most
commonly measured using recreation demand, travel cost models.

Another estimate of the overarching ecological benefits associated with reducing lake
acidification levels in Adirondacks Park can be derived from the contingent valu@won (
survey (Banzhaf et al., 2006), which elicited values for specific improvements in
acidificationrelated water quality and ecological conditions in Adirondack lakes. The
survey described a base version with minor improvements said to result frorodghenpr
and a scope version with large improvements due to the program and a gradually worsening
status quo. After adapting and transferring the results of this study and converting the 10
year annual payments to permanent annual payments using dis¢esif 13% and 5%, the
WTP estimates ranged from $48 to $107 per year per household (in 2004 dollars) for the base
version and $54 to $154 for the scope version. Using these estimates, the aggregate annual
benefits of eliminating all anthropogenic souroéslO, and SQ emissions were estimated
to range from $291 million to $829 million (U.S. EPA, 2008¢).

3" These estimates reflect the totalue of the service, not the marginal change in the value of the service as a
result of the emission reductions achieved by this rule.

38 These estimates reflect the total value of the service, not the marginal change in the value of the service as a
resut of the emission reductions achieved by this rule.
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In addition, inland surface waters provide a number of regulating services associated
with hydrological and climate regulation by providing environmémas sustain aquatic food
webs. These services are disrupted by the toxic effects of acidification on fish and other
aqguatic life. Although it is difficult to quantify these services and how they are affected by
acidification, some of these services nh@ycaptured through measures of provisioning and
cultural services.

5.5.2.4 Terrestrial Ecosystems

Acidifying deposition has altered major biogeochemical processes in the U.S. by
increasing the nitrogen and sulfur content of soils, accelerating ratrdtsulfate leaching
from soil to drainage waters, depleting base cations (especially calcium and magnesium)
from soils, and increasing the mobility of aluminum. Inorganic aluminum is toxic to some
tree roots. Plants affected by high levels of alumintomfthe soil often have reduced root
growth, which restricts the ability of the plant to take up water and nutrients, especially
calcium (U. S. EPA, 2008f). These direct effects can, in turn, influence the response of these
plants to climatic stresses $uas droughts and cold temperatures. They can also influence
the sensitivity of plants to other stresses, including insect pests and disease (Joslin et al.,
1992) leading to increased mortality of canopy trees. In the U.S., terrestrial effects of
acidification are best described for forested ecosystems (especially red spruce and sugar
maple ecosystems) with additional information on other plant communities, including shrubs
and lichen (U.S. EPA, 2008f)The ISA for NOx/SOxX Ecological Criteria concludetthat
the evidence is sufficient to infer a causal relationship between acidifying deposition and
effects on biogeochemistry related to terrestrial ecosystems and biota in terrestrial
ecosystems (U.S. EPA, 2008f).

Certain ecosystems in the continental u®. potentially sensitive to terrestrial
acidification, which is the greatest concern regarding nitrogen and sulfur deposition U.S.
EPA (2008f). Figure-A0depicts the areas across the U.S. that are potentially sensitive to
terrestrial acidification.
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Figure 5-10: Areas Potentially Sensitive to Terrestrial Acidification (U.S. EPA, 2008f)
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Both coniferous and deciduous forests throughout the easterard . &periencing
gradual losses of base cation nutrients from the soil due to accelerated leaching from
acidifying deposition. This change in nutrient availability may reduce the quality of forest
nutrition over the long term. Evidence suggests thaspedce and sugar maple in some
areas in the eastern U.S. have experienced declining health because of this deposition. For
red spruce,Ficea rubengdieback or decline has been observed across high elevation
landscapes of the northeastern U.S., andesser extent, the southeastern U.S., and
acidifying deposition has been implicated as a causal factor (DeHayes et al., 1999). -Figure 5
11 shows the distribution of red spruce (brown) and sugar maple (green) in the eastern U.S.
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Figure 5-11: Distribution of Red Spruce (pink) and Sugar Maple (green) in the Eastern
U.S. (U.S. EPA, 2008f)

Terrestrial acidification affects several important ecological endpoints, including
declines in habitat for threatened and endangered species (cultudalggacforest
aesthetics (cultural), declines in forest productivity (provisioning), and increases in forest soil
erosion and reductions in water retention (cultural and regulating).

Forests in the northeastern United States provide several importaralaable
provisioning services in the form of tree products. Sugar maples are a particularly important
commercial hardwood tree species, providing timber and maple syrup. In the United States,
sugar maple saw timber was nearly 900 million board fe20@6 (USFS, 2006), and annual
production of maple syrup was nearly 1.4 million gallons, accounting for approximately 19%
of worldwide production. The total annual value of U.S. production in these years was
approximately $160 million (NASS, 20p8Red spruce is also used in a variety of products
including lumber, pulpwood, poles, plywood, and musical instruments. The total removal of
red spruce saw timber from timberland in the United States was over 300 million board feet
in 2006 (USFS2006).

Forests in the northeastern United States are also an important source of cultural
152



ecosystem servicdsnonuse (i.e., existence value for threatened and endangered species),
recreational, and aesthetic services. Red spruce forests are homedadexadiyf listed
species and one delisted species:

1. Sprucefir moss spiderNlicrohexura montivag@ endangered

2. Rock gnome lichenGymnoderma linea)® endangered

3. Virginia northern flying squirrelGlaucomys sabrinus fusgdsdelisted, but
important

Forestlandsupport a wide varietgf outdoor recreationahctivities, including
fishing, hiking, camping, offoad driving, hunting, and wildlife viewing. Regional statistics
on recreational activities that are specifically forest based are not available; howaeer, m
general data on outdoor recreation provide some insights into the overall level of recreational
services provided by forests. More than 30% of the U.S. adult population visited a
wilderness or primitive area during the previous year and engaged Imkday (Cordell et
al., 2008. From 1999 to 2004, 16% of adults in the northeastern United Statiegpated
in off-road vehicle recreation, for an average of 27 days per year (Corde]l2605. The
average consumer surplus value per day efadfl driving in the United States was $25 (in
2007 dollars), and the implied total annual value ofroéfd driving recreation in the
northeastern United States was more than $9 billion (Kaval and Lo2®@3). More than
5% of adults in the northeastern United States participated in nearly 84 million hunting days
(U.S. FWS and U.S. Census Bureau, 300I7en percent of adults in northeastern states
participated in wildlife viewing awafrom home on 122 million days in 2006. For these
recreational activities in the northeastern United States, Kaval and Loomis é2@ié&ted
average consumer surplus values per day of $52 for hunting and $34 fdewiklhing (in
2007 dollars). The implied total annual value of hunting and wildlife viewing in the
northeastern United States was, therefore, $4.4 billion and $4.2 billion, respectively, in 2006.

As previously mentioned, it is difficult to estimate fhation of these recreational
services that are specifically attributable to forests and to the health of specific tree species.
However, one recreational activity that is directly dependent on forest conditions is fall color
viewing. Sugar maple treds, particular, are known for their bright colors and are,
therefore, an essential aesthetic component of most fall color landscapes. A survey of
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residents in the Great Lakes area found that roughly 30% of residents reported at least one
trip in the previais year involving fall color viewing (Spencer and Holecek, 2007)a

separate study conducted in Vermont, Brown (208@drted that more than 22% of
households visiting Vermont in 2001 made the tripprily for viewing fall colors.

Two studies estimated values for protecting Fa¢gvation spruce forests in the
southern Appalachian Mountains. Kramer et al. (2@08ducted a contingent valuation
study estimating househol dsé W-ZEIBvatibrosprucer ogr an
forests from damages associated with air pollution and insect infestdietian household
WTP was esthated to be roughly $29 (in 2007 dollars) for a smaller program, and $44 for
the more extensive program. Jenkins et al. (2060&8)ucted a very similar study in seven
Southern Appalachian states on a potentiafjam to maintain forest conditions at status
guo levels. The overall mean annual WTP for the forest protection programs was $208 (in
2007 dollars) Multiplying the average WTP estimate from these studies bpthlenumber
of households in the sewstate Appalachian region results in an aggregate annual range of
$470 million to $3.4 billion for avoiding a significant decline in the health of-kighation

spruce forests in the Southern Appalachian regid EPA, 2009c)*

Forests in the northeastern United States also support and provide a wide variety of
valuable regulating services, including solil stabilization and erosion control, water
regulation, and climate regulatio he totalvalue of these ecosystem services is very
difficult to quantify in a meaningful way, as is the reduction in the value of these services
associated with total nitrogen and sulfur deposition. As terrestrial acidification contributes to
root damages, reducéimass growth, and tree mortality, all of these services are likely to
be affected; however, the magnitude of these impacts is currently very uncertain.

39 These estimates reflect the marginal value of the service for the hypothetical program described in the
survey, not the marginal change in the value of the service as a result of the emissiconsedaieved by
this rule.
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5.5.3 Ecological Effects Associated w@laseous Sulfur Dioxide

Uptake of gaseous sulfur dide in a plant canopy is a complex process involving
adsorption to surfaces (leaves, stems, and soil) and absorption into leay@en&@ates
into leaves through to the stomata, although there is evidence for limited pathways via the
cuticle. Pollutats must be transported from the bulk air to the leaf boundary layer in order to
get to the stomata. When the stomata are closed, as occurs under dark or drought conditions,
resistance to gas uptake is very high and the plant has a very low degreepfilsiliscto
injury. In contrast, mosses and lichens do not have a protective cuticle barrier to gaseous
pollutants or stomates and are generally more sensitive to gaseous sulfur and nitrogen than
vascular plants (U.S. EPA, 2008f). Acute foliar injuspally happens within hours of
exposure, involves a rapid absorption of a toxic dose, and involves collapse or necrosis of
plant tissues. Another type of visible injury is termed chronic injury and is usually a result of
variable SQ exposures over the@wring season. Besides foliar injury, chronic exposure to
low SO, concentrations can result in reduced photosynthesis, growth, and yield of plants
(U.S. EPA, 2008f). These effects are cumulative over the season and are often not associated
with visible fdiar injury. As with foliar injury, these effects vary among species and
growing environment. S£s also considered the primary factor causing the death of lichens
in many urban and industrial areas (Hutchinson et al., 1996).

5.54 Ecological Effect®\ssociated with the Role of Sulfate in Mercury Methy|edioh
Reduced Mercury Emissions

Mercury is a persistent, bioaccumulative toxic metal that is emitted from power plants
in three forms: gaseous elemental HgYHgxidized Hg compounds (F), and particle
bound Hg (Hg). Elemental Hg does not quickly deposit or chemically react in the
atmosphere, resulting in residence times that are long enough to contribute to global scale
deposition. Oxidized Hg and HgP deposit quickly from the athmergpimpacting local and
regional areas in proximity to sources. Methylmercury (MeHg) is formed by microbial
action in the top layers of sediment and soils, after Hg has precipitated from the air and
deposited into waterbodies or land. Once formed, MisHaken up by aquatic organisms
and bioaccumulates up the aquatic food web. Larger predatory fish may have MeHg
concentrations many times, typically on the order of one million times, that of the
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concentrations in the freshwater body in which they live.

E P A 2088 Integrated Science Assessment (ISA) for Oxides of Nitrogen and Sulfur
Ecological Criteria (Final Reporgjoncluded that evidence is sufficient to infer a casual
relationship between sulfur deposition and increased mercury methylation in wedttahd
aquatic environments (U.S. EPA, 2008pecifically, there appears to be a relationship
between S deposition and mercury methylation; however, the rate of mercury
methylation varies according to several spatial and biogeochemical factors nihosece
has not been fully quantified (see Figuré®. Therefore, the correlation between, S0
deposition and MeHg could not be quantified for the purpose of interpolating the association
across waterbodies or regions. Nevertheless, because changes in MeHg in ecosystems
represent changes in significant human and ecological health risks, thetassbeveen
sulfur and mercury cannot be neglected (U.S. EPA, 2008f).
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Figure 5-11. Spatial and Biogeochemical Factors Influencing MeHg Production
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As research evolves and the computational capacity of models expands to meet the
complexity ofmercury methylation processes in ecosystems, the role of interacting factors
may be better parsed out to identify ecosystems or regions that are more likely to generate
higher concentrations of MeHg. Figurel3 illustrates the type of current and forward
looking research being developed by the U.S. Geological Survey (USGS) to synthesize the
contributing factors of mercury and to develop a map of sensitive watersheds. The mercury
score referenced in Figubel2 is based on SO concentrations, acid neutizihg capacity
(ANC), levels of dissolved organic carbon and pH, mercury species concentrations, and soil
types to gauge the methylation sensitivity (Myers et al., 2007).



Figure 5.12: Preliminary USGS Map of Mercury Methylationi Sensitive Watersheds
Derived from More than 55,000 Water Quality Sites and 2,500 Watersheds
(Myers et al., 2007)

Interdependent biogeochemical factors preclude the existence of simple-sulfate
related mercury methylation models. It is clear that decreasing sulfate depadiktely to
result in decreased MeHg concentrations. Future research may allow for the characterization
of a usable sulfat®eHg response curve; however, no regional or classification calculation
scale can be created at this time because of the numbanfolinding factors.

Decreases irSQ;> deposition have already showromisingreductions ifVieHg.
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Observed decreasesMeHgfish tissue concentrations have been linked to decreased
acidification and declinin§0,* and mercury depositian Little Rock Lake, WI(Hrabik

and Watras, 2002and to decreased $0deposition in Isle Royale in Lake Superior, Ml
(Drevnick et al., 2007)Although the possibility exists that reductions in,S@missions

could generate a pulse in MeHg production becausecoédsed sulfide inhibition in sulfate
saturated waters, this effect would likely involve a limited number of U.S. waters (Harmon et
al., 2007). Also, because of the diffusion and outward flow of both mercurysulfide

complexes and SO, increased mercury rtigylation downstream may still occur in sulfate
enriched ecosystems with increased organic matter and/or downstream transport capabilities.

Remediation of sediments heavily contaminated with mercury has yielded significant
reductions of MeHg in biotitissues. Establishing quantitative relations in biotic responses to
MeHg levels as a result of changes in atmospheric mercury deposition, however, presents
difficulties because direct associations can be confounded by all of the factors discussed in
this sction. Current research does suggest that the levels of MeHg and total mercury in
ecosystems are positively correlated, so that reductions in mercury deposited into ecosystems
would also eventually lead to reductions in MeHg in biotic tissues. Ultimaielytegrated
approach that involves the reduction of both sulfur and mercury emissions may be most
efficient because of the variability in ecosystem responses. Reducingndssions could
have a beneficial effect on levels of MeHg in many waters of/thieed States.

In addition to the role of sulfate deposition on methylation, the technologies installed
to reduce emissions of N@nd SQ associated with this final rule would also reduce
mercury emissions. Thus, the total mercury benefits would refielettbe reduction in
methylation from decreased sulfate deposition as well as the reduction in mercury emissions.
Due to time and resource limitations, we were unable in any event to model mercury
dispersion, deposition, methylation, bioaccumulationsh fissue, and human consumption
of mercurycontaminated fish that would be needed in order to estimate the human health
benefits from reducing these mercury emissions. Instead, we provide the following
gualitative assessment of the human health and sters\effects associated with reducing
exposure to methylmercury.

In the United States, humans are exposed to MeHg mainly by consuming fish that
contain MeHg.. MeHg is the only form of mercury that biomagnifies in the food web.
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Concentrations of MeHg ifish are generally on the order of a million times the MeHg
concentration in water. In addition to mercury deposition, key factors affecting MeHg
production and accumulation in fish include the amount and forms of sulfur and carbon
species present in a @ waterbody. Thus, two adjoining water bodies receiving the same
deposition can have significantly different fish mercury concentrations.

Methylmercury builds up more in some types of fish and shellfish than in others.
The levels of methylmercury imgh and shellfish vary widely depending on what they eat,
how long they live, and how high they are in the food chain. Most fish, including ocean
species and local freshwater fish, contain some methylmetouggneral, higher mercury
concentrations arexpected in top predators, which are often large fish relative to other
species in a waterbody.

Research shows that most peopleodos fish co
related health concern (NRC, 2000). However, certain people may be at higheceaske
of their routinely high consumption of fish (e.qg., tribal and other subsistence fishers and their
families who rely heavily on fish for a substantial part of their diet). The majority of fish
consumed in the U.S. are ocean species. The metltglngeroncentrations in ocean fish
species are primarily influences by the global mercury pool. However, the methylmercury
found in local fish can be due, at least partly, to mercury emissions from local sources.

The ecosystem service most directly afbeicby sulfatemediated mercury
methylation is the provision of fish for consumption as a food source. This service is of
particular importance to groups engaged in subsistence fishing, pregnant women and young
children. Statelevel fish consumption adsories for mercury are based on state criteria,
many of which are based on EPAGs fish tissue
or on U. S. Food and Drug Administrationds ac
were 3,361 fish advisoriessised at least in part for mercury contamination (80% of all fish
advisories), covering 16.8 million lake acres (40% of total lake acreage) and 1.3 million river
miles (35% of total river miles) over all 50 states, one U.S. territory, and 3 tribes (U.S. EPA
2009f). Recently, the U.S. Geological Survey (USGS) examined mercury levels in top
predator fish, bed sediment, and water from 291 streams across the U.S. (Scudder et al.,
2009). USGS detected mercury contamination in every fish sampled, and thetrediocen
of mercury in fish exceeded EPAOGs criterion
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In 2000, the National Research Council (NRC) of the NAS issued the NAS Study
(NRC, 2000), which provides a thorough review of the effects of MeHg on human health.
There ae numerous studies that have been published more recently that report effects on
neurologic and other endpoints. In its review of the literature, the NAS found
neurodevelopmental effects to be the most sensitive and best documented endpoints and
appropride for establishing an RfD (NRC, 2000); in particular NAS supported the use of
results from neurobehavioral or neuropsychological tests. The NAS report (NRC, 2000)
noted that studies in animals reported sensory effects as well as effects on brain detelopm
and memory functions and support the conclusions based on epidemiology studies. The NAS
noted that their recommended endpoints for an RfD are associated with the ability of children
to Ilearn and to succeed i n shepopuwationathighbsey ¢ on
risk is the children of women who consumed large amounts of fish and seafood during
pregnancy. The committee concludes that the risk to that population is likely to be sufficient
to result in an increase in the number of childkemo have to struggle to

The NAS summarized data on cardiovascular effects available up to 2000. Based on
these studieshe NRC (2000toncluded thafiAlthoughthe data base is not as extensive for
cardiovascular effects as it is for other end points (i.e. neurologic effects) the cardiovascular
system appears to be a targetNteHg toxicity in humans and animaléd The NRC also
stated that frarceledttobetteraharacetize the effect omethylmercury
exposure on blood pressure and cardiovascul a
cardiovascular studies have been published since 2000. EPA did not to develop a
guantitative doseesponse assessment for cardiovascular effects associated with MeHg
exposures, as there is no consensus among scientists on thesgpasese functions for these
effects. In addition, there is inconsistency among available studies as to the association
betveen MeHg exposure and various cardiovascular system effects. The pharmacokinetics
of some of the exposure measures (such as toenail Hg levels) are not well understood. The
studies have not yet received the review and scrutiny of the morestaiilishd
neurotoxicity data base.

“ONational Research Council (NRC). 2000. Toxicological Effects of Methylmercury. Committee on the
Toxicological Effects of Methylmercury, Board on Environmental Studies and Toxicology. National
Academies Press. Washington, DC.229.
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The Mercury Study noted that MeHg is not a potent mutagen but is capable of
causing chromosomal damage in a number of experimental systems (U.S. EPA, 1997). The
NAS concluded that evidence that human exposure to MeHg causédid ganeage is
inconclusive; they note that some earlier studies showing chromosomal damage in
lymphocytes may not have controlled sufficiently for potential confounders. One study of
adults living in the Tapajos River region in Brazil (Amorim et al., J08ported a direct
relationship between MeHg concentration in hair and DNA damage in lymphocytes; as well
as effects on chromosomes. Leaegm MeHg exposures in this population were believed to
occur through consumption of fish, suggesting that genogdfects (largely chromosomal
aberrations) may result from dietary, chronic MeHg exposures similar to and above those
seen in the Faroes and Seychelles populations.

Although exposure to some forms of Hg can result in a decrease in immune activity
or an aubimmune response (ATSDR, 1999), evidence for immunotoxic effects of MeHg is
limited (NRC, 2000).

Based on | imited human and ani mal dat a,
carcinogen by the International Agency for Research on Cancer (IARC, 189#) RIS
(U.S. EPA, 2002)The existing evidence supporting the possibility of carcinogenic effects in
humans from lowdose chronic exposures is tenuous. Multiple human epidemiological
studies have found no significant association between Hg exposlioverall cancer
incidence, although a few studies have shown an association between Hg exposure and
specific types of cancer incidence (e.g., acute leukemia and liver cancer) (NAS, 2000).

There is also some evidence of reproductive and renal toxiditynrans from MeHg
exposure. However, overall, human data regarding reproductive, renal, and hematological
toxicity from MeHg are very limited and are based on either studies of the twaldsgh
poisoning episodes in Iraq and Japan or animal data, rhtireepidemiological studies of
chronic exposures at the levels of interest in this analysis.

Deposition of mercury to waterbodies can also have an impact on ecosystems and
wildlife. Mercury contamination is present in all environmental media with aquesieras
experiencing the greatest exposures due to bioaccumulation. Bioaccumulation refers to the
net uptake of a contaminant from all possible pathways and includes the accumulation that
may occur by direct exposure to contaminated media as well as ijoakimod. Wet and
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dry deposition of oxidized mercury is a dominant pathway for bringing mercury to

terrestrial surfaces. In forest ecosystems, elemental mercury may also be absorbed by plants
stomatally, incorporated by foliar tissues and releasedenfétl (Ericksen et al., 2003).

Mercury in throughfall, direct deposition in precipitation, and uptake of dissolved mercury by
roots (Rea et al., 2002) are also important in mercury accumulation in terrestrial ecosystems.
Soils have significant capacity store large quantities of atmospherically deposited mercury
where it can leach into groundwater and surface waters. Numerous studies have generated
field data on the levels of mercury in a variety of wild species. The risk of mercury exposure
extends tonsectivorous terrestrial species such as songbirds, bats, spiders, and amphibians
that receive mercury deposition or from aquatic systems near the forest areas they inhabit
(Bergeron et al., 2010a, b; Cristol et al., 2008; Rimmer et al., 2005; Wada2808l &

2010). The body of work examining the effects of these exposures is growing but still
incomplete given the complexities of the natural world.

The studies cited here provide a glimpse of the scope of mercury effects on wildlife
particularly repoductive and survival effects at current exposure levels. These effects range
across species from fish to mammals and spatially across a wide area of the United States.
The literature is far from complete however. Much more research is required tskestab
link between the ecological effects on wildlife and the effect on ecosystem services (services
that the environment provides to people) for example recreational fishing, bird watching, and
wildlife viewing. EPA is not, however, currently able tcagtify or monetize the benefits of
reducing mercury exposures affecting provision of ecosystem services.

5.5.5 Nitrogen Enrichment

5.5.5.1 Aquatic Enrichment

The ISA for NOx/SOx Ecological Criteria concluded that the evidence is sufficient
to infer a causal relationship between nitrogen deposition and the alteration of species
richness, species composition, and biodiversity in wetland, freshwater aquatwastel
marine ecosystems (U.S. EPA, 2008f).

One of the main adverse ecological effects resulting from N deposition, particularly
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in the Mid-Atlantic region of the United States, is the effect associated with nutrient
enrichment in estuarine waters. écent assessment of 141 estuaries nationwide by the
National Oceanic and Atmospheric Administration (NOAA) concluded that 19 estuaries
(13%) suffered from moderately high or high levels of eutrophication due to excessive inputs
of both N and phosphorus,da majority of these estuaries are located in the coastal area
from North Carolina to Massachusetts (NOAA, 2D0FFor estuaries in the Midtlantic

region, the contribution of atmospheric distribution to total N loads is estimatedy® ran
between 10% and 58% (Valigura et al., 2001

Eutrophication in estuaries is associated with a range of adverse ecological effects.
The conceptual framework developed by NOAA emphasizes four main types of
eutrophication effetsd low dissolved oxygen (DO), harmful algal blooms (HABs), loss of
submerged aquatic vegetation (SAV), and low water clarity. Low DO disrupts aquatic
habitats, causing stress to fish and shellfish, which, in the-&rort can lead to episodic
fish kills and, in the longerm, can damage overall growth in fish and shellfish populations.
Low DO also degrades the aesthetic qualities of surface water. In addition to often being
toxic to fish and shellfish, and leading to fish kills and aesthetic impaisnoérestuaries,
HABs can, in some instances, also be harmful to human health. SAV provides critical
habitat for many aquatic species in estuaries and, in some instances, can also protect
shorelines by reducing wave strength; therefore, declines in SAYoduutrient enrichment
are an important source of concern. Low water clarity gartthe result of accumulations
of both algae and sediments in estuarine waters. In addition to contributing to declines in
SAV, high levels of turbidity also degradeetaesthetic qualities of the estuarine
environment.

Estuaries in the eastern United States are an important source of food production, in
particular fish and shellfish production. The estuaries are capable of supporting large stocks
of resident commeral species, and they serve as the breeding grounds and interim habitat
for several migratory species. To provide an indication of the magnitude of provisioning
services associated with coastal fisheries, from 2005 to 2007, the average value of total catch
was $1.5 billion per year. It is not known, however, what percentage of this value is directly
attributable to or dependent upon the estuaries in these states.

In addition to affecting provisioning services through commercial fish harvests,
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eutrophicabn in estuaries may also affect the demand for seafood. For example, a well
publicized toxic pfiesteria bloom in the Maryland Eastern Shore in 1997, which involved
thousands of dead and lesioned fish, led to an estimated $56 million (in 2007 doltzst) in
seafood sales for 360 seafood firms in Maryland in the months following the outbreak
(Lipton, 1999.

Estuaries in the United States also provide an important and substantial variety of
cultural ecosystem services, including watased recreational and aesthetic services. The
water quality in the estuary directly affects the quality of these experiences. For example,
there were 26 million days of saltwater fishing coastal states from North Carolina to
Massachusetts in 2006 (FWA a@énsus, 2007). Assuming an average consumer surplus
value for a fishing day at $36 (in 2007 dollars) in the Northeast and $87 in the Southeast
(Kaval and Loomis, 2003), the aggregate value was approximately $1.3 billion (in 2007
dollars).*! In addition,almost 6 million adults participated in motorboating in coastal states
from North Carolina to Massachusetts, for a total of nearly 63 million days annually during
1999 2000 (Leeworthy and Wiley, 2001)Jsing a national dlgi value estimate of $32 (in
2007 dollars) for motorboating (Kaval and Loomis (20@8¢ aggregate value of these
coastal motorboating outings was $2 billion per y&aAlmost 7 million participated in
birdwatching fo 175 million days per year, and more than 3 million participated in visits to
nonbeach coastal waterside areas.

Estuaries and marshes have the potential to support a wide range of regulating
services, including climate, biological, and water regulagpafiution detoxification; erosion
prevention; and protection against natural hazards from declines in SAV (MEA, 208Y
can help reduce wave energy levels and thus protect shorelines against excessive erosion,
which increases the rislof episodic flooding and associated damages tosteae
properties or public infrastructure or even contribute to shoreline retreat.

5.5.5.2 Terrestrial Enrichment

Terrestrial enrichment occurs when terrestrial ecosystems receive N loadings in

“These estimates reflect the total value of the service, not the marginal change in the value of the service as a
result of the emission reductions achieved by this rule.

2 These estimates reflect the total value of the service, not the matgamglecin the value of the service as a
result of the emission reductions achieved by this rule.
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exces®f natural background levels, either through atmospheric deposition or direct
application. Evidence presented in the Integrated Science Assessment (U.S. EPA, 2008f
supports a causal relationship between atmospheric N deposititaogedchemical cycling

and fluxes of N and carbon in terrestrial systems. Furthermore, evidence summarized in the
report supports a causal link between atmospheric N deposition and changes in the types and
number of species and biodiversity in terressyatems. Nitrogen enrichment occurs over a
long time period; as a result, it may take as much as 50 years or more to see changes in
ecosystem conditions and indicators. This long time scale also affects the timing of the
ecosystem service chang&be ISA for NOx/SOxi Ecological Criteria concluded that the
evidence is sufficient to infer a causal relationship between nitrogen deposition and the
alteration of species richness, species composition, and biodiversity in terrestrial ecosystems
(U.S. EPA, 208f).

One of the main provisioning services potentially affected by N deposition is grazing
opportunities offered by grasslands for livestock production in the Central U.S. Although N
deposition on these grasslands can offer supplementary nutritiveavalygomote overall
grass production, there are concerns that fertilization may favor invasive grasses and shift the
species composition away from native grasses. This process may ultimately reduce the
productivity of grasslands for livestock productidrosses due to invasive grasses can be
significant; for example, based on a bioeconomic model of cattle grazing in the upper Great
Plains, Leitch, Leistritz, and Bangsund (1996) and Leistritz, Bangsund, and Hodur (2004)
estimated $130 million in losses digea leafy spurge infestation in the Dakotas, Montana,
and Wyoming?** However, the contribution of N deposition to these losses is still uncertain.

Terrestrial nutrient enrichment also affects cultural and regulating services. For
example, in CaliforniaCoastal Sage Scrub (CSS) habitat concerns focus on a decline in CSS
and an increase in nonnative grasses and other species, impacts on the viability of threatened
and endangered species associated with CSS, and an increase in fire frequency. Changes in
Mixed Conifer Forest (MCF) include changes in habitat suitability and increased tree
mortality, increased fire intensity, and a
affect surface water quality through nitrate leaching (U.S. EPA, 2008f). CSS@RdM an
integral part of the California landscape, and together the ranges of these habitats include the
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densely populated and valuable coastline and the mountain areas. Numerous threatened and
endangered species at both the state and federal levdisire€SS and MCF. The value

that California residents and the U.S. population as a whole place on CSS and MCF habitats
is reflected in the various federal, state, and local government measures that have been put in
place to protect these habitats, inahgdthe Endangered Species Act, conservation planning
programs, and private and local land trusts. CSS and MCF habitat are showcased in many
popular recreation areas in California, including several national parks and monuments. In
addition, millions of mdividuals are involved in fishing, hunting, and wildlife viewing in
California every year (DOI, 2007The quality of these trips depends in part on the health of
the ecosystems and their ability to support the diversity of plants andlariound in

important habitats found in CSS or MCF ecosystems and the parks associated with those
ecosystems. Based on analyses in the NOx SOx REA average values of the total benefits in
2006 from fishing, hunting, and wildlife viewing away from hom&adifornia were

approximately $950 million, $170 million, and $3.6 billion, respectively (U.S.EPA, 2d69c).

In addition, data from California State Parks (2003) indicate that in 2002, 69% of adult
residents participated in trail hiking for an averagedtidys per year. The aggregate annual
benefit for California residents from trail hiking in 2007 was $11 billion (U.S.EPA, 2d89c).

It is not currently possible to quantify the loss in value of services due to nitrogen deposition
as those losses are alrgadflected in the estimates of the contemporaneous total value of
these recreational activities. Restoration of services through decreases in nitrogen deposition
would likely increase the total value of recreational services.

Fire regulation is also an portant regulating service that could be affected by
nutrient enrichment of the CSS and MCF ecosystems by encouraging growth of more
flammable grasses, increasing fuel loads, and altering the fire cycle. Oveydhe zeriod
from 2004 to 2008, Southerralifornia experienced, on average, over 4,000 fires per year
burning, on average, over 400,000 acres per year (National Association of State Foresters
[NASF], 2009). It is not possible at this time to quantify the contribution of nitrogen
deposition, amongiany other factors, to increased fire risk.

*“These estimates reflect the total value of the service, not the marginal change in the value of the service as a
result of the emission reductions achietgdhis rule.

45 These estimates reflect the total value of the service, not the marginal change in the value of the service as a
result of the emission reductions achieved by this rule.
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5.5.6 Benefits of Reducing Ozone Effects on Vegetation and Ecosystems

Ozone causes discernible injury to a wide array of vegetation (U.S. EPA, 2006a; Fox
and Mickler, 1996). Sensitivity to ozone is highly viable across plant species, with over
65 plant speciesendentvédbedmasyinokzowki ch occ
parks and forest$n terms of forest productivity and ecosystem diversity, 0zone may be the
pollutant with the greatest patital for regionalscale forest impacts (U.S. EPA, 2006a).
Studies have demonstrated repeatedly that ozone concentrations commonly observed in
polluted areas can have substantial impacts on plant function (De Steiguer et al., 1990; Pye,
1988).

When ozones present in the air, it can enter the leaves of plants, where it can cause
significant cellular damage. Like carbon dioxide ¢£@nd other gaseous substances, ozone
enters plant tissues primarily threogh the s
(Winner and Atkinson, 1986). Once sufficient levels of ozone (a highly reactive substance),
or its reaction products, reaches the interior of plant cells, it can inhibit or damage essential
cellular components and functions, including enzyme actiyiigds, and cellular
membranes, disrupting the plant's osmotic (i.e., water) balance and energy utilization patterns
(U.S. EPA, 2006a; Tingey and Taylor, 1982). With fewer resources available, the plant
reallocates existing resources away from root ¢namd storage, above ground growth or
yield, and reproductive processes, toward leaf repair and maintenance, leading to reduced
growth and/or reproduction. Studies have shown that plants stressed in these ways may
exhibit a general loss of vigor, whichrtlead to secondary impacts that modify plants'
responses to other environmental factors. Specifically, plants may become more sensitive to
other air pollutants, or more susceptible to disease, pest infestation, harsh weather (e.g.,
drought, frost) andtber environmental stresses, which can all produce a loss in plant vigor
in 0zonesensitive species that over time may lead to premature plant death. Furthermore,
there is evidence that ozone can interfere with the formation of mycorrhiza, essential
symbotic fungi associated with the roots of most terrestrial plants, by reducing the amount of
carbon available for transfer from the host to the symbiont (U.S. EPA, 2006a).

This ozone damage may or may not be accompanied by visible injury on leaves, and
likewise, visible foliar injury may or may not be a symptom of the other types of plant
damage described above. Foliar injury is usually the first visible sign of injury to plants from
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ozone exposure and indicates impaired physiological processes in theg(@avks, 2003).

When visible injury is present, it is commonly manifested as chlorotic or necrotic spots,

and/or increased leaf senescence (accelerated leaf aging). Because ozone damage can consist
of visible injury to leaves, it can also reduce thetesg value of ornamental vegetation and

trees in urban landscapes, and negatively affects scenic vistas in protected natural areas.

Ozone can produce both acute and chronic injury in sensitive species depending on
the concentration level and the dimatof the exposure. Ozone effects also tend to
accumulate over the growing season of the plant, so that even lower concentrations
experienced for a longer duration have the potential to create chronic stress on sensitive
vegetation. Not all plants, hower, are equally sensitive to ozone. Much of the variation in
sensitivity between individual pl ants or who
regulate the extent of gas exchange via leaf stomata (e.g., avoidance of ozone uptake through
closureof stomata) (U.S. EPA, 2006a; Winner, 1994). After injuries have occurred, plants
may be capable of repairing the damage to a limited extent (U.S. EPA, 2006a). Because of
the differing sensitivities among plants to ozone, ozone pollution can als@esatetctive
pressure that leads to changes in plant community composition. Given the range of plant
sensitivities and the fact that numerous other environmental factors modify plant uptake and
response to ozone, it is not possible to identify threshdigesabove which ozone is
consistently toxic for all plants.

Because plants are at the base of the food web in many ecosystems, changes to the
plant community can affect associated organisms and ecosystems (including the suitability of
habitats that sygort threatened or endangered species and below ground organisms living in
the root zone). Ozone impacts at the community and ecosystem level vary widely depending
upon numerous factors, including concentration and temporal variation of tropospheric
0zone species composition, soil properties and climatic factors (U.S. EPA, 2006a). In most
instances, responses to chronic or recurrent exposure in forested ecosystems are subtle and
not observable for many years. These injuries can causelstedorestdecline in
sensitive ecosystems (U.S. EPA, 2006a, McBride et al., 1985; Miller et al., 1982). It is not
yet possible to predict ecosystem responses to ozone with much certainty; however,
considerable knowledge of potential ecosystem responses has baeedaituough long
term observations in highly damaged forests in the United States (U.S EPA, 2006a).
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5.5.6.1 Ozone Effects on Forests

Air pollution can affect the environment and affect legal systems, leading to
changes in the ecological camnity and influencing the diversity, health, and vigor of
individual species (U.SEPA, 2006a).0zone has been shown in numerous studies to have a
strong effect on the health of many plants, including a variety of commercial and
ecologically impotant forestree species throughout the United States (U.S. EPA, 2007hb).

In the U.S., this data comes from the U.S. Department of Agriculture (USDA) Forest
Service Forest Inventory and Analysis (FIA) program. As part of its Phase 3 program,
formerly known as Foresta#lth Monitoring, FIA examines ozone injury to ozesemsitive
plant species at ground maoring sites in forestland across the country (excluding woodlots
and urban trees). FIA looks for damage on the foliage of ezensitive forest plant species
ateach site that meets certain minimum criteria. Because ozone injury is cumulative over the
course of the growing season, examinations are conducted in July and August, when ozone
injury is typically highest.

Monitoring of ozone injury to plants by the D& Forest Service has expanded over
the last B years from monitoring sites in 10 states in 1994 to nearly 1,000 monitoring sites in
41 states in 2002Since 2002, the monitoring program has further expanded to 1,130
monitoring sites in 45 states. Figd3 shows the results of this monitoring program for
the year 2002 broken down by U.S. EPA RegiinBigure 514 identifies the counties that
were included in Figure-23, and provides the counlgvel data regarding the presence or
absence of ozonelated injury. As shown in Figure B4 large geographic areas of EPA
Regions 6, 8, and 10 were not included in the assessBwnie damage to forest plants is
classified using a subjective faaategory biosite index based on expert opinion, but
designedd be equivalent from site to site. Ranges of biosite values translate to no injury,
low or moderate foliar injury (visible foliar injury to highly seting or moderately sensitive
plants, respectively), and high or severe foliar injury, which wouldkpecated to result in
treelevel or ecosystertevel responses, respectively (U.S. EPA, 2006a; Coulston, 2004).
The highest percentages of observed high and severe foliar injury, which are most likely to
be associated with tree or ecosysienel responsesire primarily found in the MidAtlantic

46 The data are based on averages of all observations colle@@@dZnwhich is the last year for which data are
publicly availabl e. For more information, please ¢
2008b).
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and Southeast regiongVhile the assessment showed considerable regional variation in
ozone injury, this assessment targeted different ezensitive species in different parts of
the country with varying ozone rssitivity, which contributes to the apparent regional
differences. It is important to note that ozone can have other, more significant impacts on
forest plants (e.g. reduced biomass growth in trees) prior to showing signs of visible foliar
injury (U.S. BPA, 2006a).
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Figure 5-13: Visible Foliar Injury to Forest Plants from Ozonein U.S. by EPA Regions,
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Figure 5-14. Presence andbsence of Visible Foliar Injury, as measured by
U.S. Forest Service, 2002 (U.S. EPA, 2007)

Foliar Injury Absent I Present

Assessing the impact of grouhel/el ozone on forests in the eastern United States involves
understanding the risks to sensitive tree species from ambient aawentrations and

accounting for the prevalence of those species within the forest. As a way to quantify the
risks to particular plants from grouelvel ozone, scientists have developed ozone
exposure/tregesponse functions by exposing tree seedlingtffierent ozone levels and
measuring reductions in growth as fibiomass
they are easy to manipulate and measure their growth loss from ozone pollution. The
mechanisms of susceptibility to ozone within the Isavieseedlings and mature trees are
identical, and the decreases predicted using the seedlings should be related to the decrease in
overall plant fitness for mature trees, but the magnitude of the effect may be higher or lower
depending on the tree spec{€happelka and Samuelson, 199B).areas where certain
ozonesensitive species dominate the forest community, the biomass loss from ozone can be
significant. Experts have identified% annual biomass loss a level of concermvhich

would cause longerm ecological harm as the shtatm negative effects on seedlings
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compound to affect lonterm forest health (Hecknd Cowling 1997).

Some of the common tree species in the United States that are sensitive to ozone are
black cherry Prunus seroting tulip-poplar Ciriodendron tulipifera) and eastern white pine
(Pinus strobus) Ozoneexposure/tregesponse functions have been developed for each of
these tree species, as well as for aspepylus tremuliodgsand ponderosa piniaus
ponderosa (U.S. EPA, 2007b). Other common tree species, such asask¢usspp) and
hickory (Caryaspp.), are not as sensitive to ozone. Consequently, with knowledge of the
distribution of sensitive species and the level of ozone at particular locations, itideptuss
estimate a fibiomass | osso for eachlsspeci es a
current ambient levels of ozone are associated with significant biomass loss across large
geographic areas (U.S. EPA, 2009b). However, this information i&isialefor this final
rule.

To estimate thbiomass loss for forest ecosystems across the eastead (Sdttes,
the biomass loss for each of the seven treeispevas calculated using the threenth, 12
hour W126 exposure metric at each locatioh, ong wi t h eac FRfungtieme 6 s 1 n
The W126 exposure metric was calculated using monitored ozone data from CASTNET and
AQS sites, and a thregear average was used to mitigate the effect of variations in
meteorological and soil moisture @btions. The biomass loss estimate for each species was
then multiplied by its prevalence in the forest community using the U.S. Department of
Agriculture (USDA) Forest Service IV index of tree abundance calculated from Forest
Inventory and Analysis (FIAneasurements (Prasad, 2003). Sources of uncertainty include
the ozoneexposure/plantesponse functions, the tree abundance index, and other factors
(e.g., soil moisture). Although these factors were not considered, they can affect ozone
damage Chappeka, 1998.
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Figure 5-15: Estimated Black Cherry, Yellow Poplar, Sugar Maple, Eastern White
Pine, Virginia Pine, Red Maple, and Quaking Aspen Biomass Loss due to Current
Ozone Exposure, 2002008 (U.S. EPA, 2009b)
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Ozone damage to the plants includihg trees and understory in a forest can affect
the ability of the forest to sustain suitable habitat for associated species particularly
threatened and endangered species that have existence aaloause ecosystem service
for the public. Similarlyd amage to trees and the | oss of
provisioning services in the form of timber for various commercial uses. In addition, ozone
can cause discoloration of leaves and more rapid senescence (early shedding of leaves),
which couldnegatively affect falcolor tourism because the fall foliage would be less
available or less attractive. Beyond the aesthetic damage to fall color vistas, forests provide
the public with many other recreational and educational services that raéedded by
reduced forest health including hiking, wildlife viewing (including bird watching), camping,
picnicking, and hunting. Another potential effect of biomass loss in forests is the subsequent
loss of climate regulation service in the form of reducelitabo sequester carbon (Felzer et
al., 2005).
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5.5.6.2 Ozone Effects on Crops and Urban Ornamentals

Laboratory and field experiments have also shown reductions in yields for agronomic
crops exposed to ozone, including vegetables (e.g., lettuce) and field crops (e.g., cotton and
wheat). Damage to crops from ozone exposures includes yield losses tgensiof
weight, number, or size of the plant part that is harvested), as well as changes in crop quality
(i.e., physical appearance, chemical composition, or the ability to withstand storage) (U.S.
EPA, 2007b). The most extensive field experiments, ectedl under the National Crop
Loss Assessment Network (NCLAN) examined 15 species and numerous cultivars. The

NCLAN results show that fsever al economi cal

ozone | evels typical of USHBEA 2006&)o lnaddition,n t he
economic studies have shown reduced economic benefits as a result of predicted reductions
in crop yields, directly affecting the amount and quality of the provisioning service provided
by thesecrops, associated with obsetvezone levels (Kopp et al., 1985; Adams et al., 1986;
Adams et al., 1989)Iln addition, visible foliar injury by itself can reduce the market value of
certain leafy crops (such as spinach, lettugegording to the Ozone Staff Paper, there has
been no eidence that crops are becoming more tolerant of ozone (U.S. EPA, 2007b). Using
the Agriculture Simulation Model (AGSIM) (Taylor, 1994) to calculate the agricultural
benefits of reductions in ozone exposure, U.S. EPA estimatedtthiainga W126 standd

of 13 ppmhr would produce monetized benefits of approximatd§0$nillion to $20

million in 2006(inflated to 2006 dollars) (U.S. EPA, 20078).

Urban ornamentgllantsare an additional vegetation category likely to experience
some degree of negative effects associated with exposure to ambient ozoneSevetal
ornamental species have been listed as sensitive to ozone (Abt AssociateBet89Sg
ozone causes Vide foliar injury, the aesthetic value of ornamentals (such as petunia,
geranium, and poinsettia) in urban landscapes would be reduced (U.S. EPA, 2007b).
Sensitive ornamental species would require more frequent replacement and/or increased
maintenance €rtilizer or pesticide application) to maintain the desired appearance because
of exposure to ambient ozone (U.S. EPA, 2007b). In addition, many businesses rely on
healthylooking vegetation for their livelihoods (e.qg., horticulturalists, landscaperst@hs

*" These estimates illustrate the value of vegetation effects from a substantial reductimmeof o
concentrations, not the marginal change in 0zone concentrations anticipated a result of the emission reductions
achieved by this rule.
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tree growers, farmers of leafy crops, etc.) and a variety of ornamental species have been
listed as sensitive to ozone (Abt Associates, 1995). The ornamental landscaping industry is
multi-billion industry that affectetoth private property owndtenants and by governmental
units responsible for public areas (Abt Associates, 19%5gliminary data from the 2007
Economic Census indicate that the landscaping services industry, which is primarily engaged
in providing landscape care and maintena®eices and installing trees, shrubs, plants,

lawns, or gardens, was valued at $53 billion (U.S. Census Bureau, 20iE}¢fore, urban
ornamentals represent a potentially large unquantified benefit category. This aesthetic
damage may affectthe enjogrmt of ur ban par ks by the publ i
of their landscaping and gardening activitiés.addition, homeowners may experience a
reduction in home value or a home may linger on the market longer due to decreased
aesthetic appealn theabsence of adequate expostgsponse functions and economic

damage functions for the potential range of effects relevant to these types of vegetation, we
cannot conduct a quantitative analysis to estimate these effects.

5.5.7 Unquantified S£and NQ -Rdated Human Health Benefits

Following an extensive evaluation of health evidence from epidemiologic and
laboratory studies, the Integrated Science Assessment for Sulfur Dioxide concluded that there
is a causal relationship between respiratory health sféetwt shorterm exposure to SO
(U.S. EPA, 2008). The immediate effect of 9@ the respiratory system in humans is
bronchoconstriction. Asthmatics are more sensitive to the effects,dik8I9 resulting
from preexisting inflammation associated wiitiis disease. A clear concentrati@sponse
relationship has been demonstrated in laboratory studies following exposuresatio SO
concentrations between 20 and 100 ppb, both in terms of increasing severity of effect and
percentage of asthmatics adveysafected. Based on our review of this information, we
identified four shorterm morbidity endpoints thatthe 5SOS A | denti fi ed as a
relationshipo: a s t h-reltedeemergercy degattnent visits, ané s pi r at
respiratoryrelated hogitalizations. The differing evidence and associated strength of the
evidence for these different effects is described in detail in théSFO The SQISA also
concluded that the relationship between skeni SQ exposure and premature mortality
washsuggestive of a causal relationshipd beca
effects to SQalone. Although the SQSA stated that studies are generally consistent in
reporting a relationship between S€&xposure and mortality, there wasack of robustness
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of the observed associations to adjustment for pollutants. We did not quantify these benefits
due to time constraints.

Epidemiological researchers have associated &kposure with adverse health
effects in numerous toxicologicaljmical and epidemiological studies, as described in the
Integrated Science Assessment for Oxides of Nitreddealth Criteria (Final Report) (U.S.
EPA, 2008c). The NQISA provides a comprehensive review of the current evidence of

health and environmentaffects of NQ. The NGl SA concl uded t hat t he

sufficient to infer a likely causal relationship between skemh NG exposure and adverse
effects on the respiratory systemo (I SA, s
experimental stdies encompass a number of endpoints including [Emergency Department
(ED)] visits and hospitalizations, respiratory symptoms, airway hyperresponsiveness, airway
inflammation, and lung function. Effect estimates from epidemiologic studies conducted in
the United States and Canada generally indicate@% increase in risks for ED visits and
hospital admissions and higher risks for respiratory symptoms (ISA, section 5.4). The NO
ISA concluded that the relationship between skemh NG exposure and prerhae

ecC

mortality was fAsuggestive but not sufficient

difficult to attribute the mortality risk effects to N@lone. Although the NEISA stated

that studies consistently reported a relationship betweereki@dsire and mortality, the

effect was generally smaller than that for other pollutants such as PM. We did not quantify
these benefits due to time constraints.

5.6 Social Cost of Carbon and Greenhouse Gas Benefits

EPA has assigned a dollar value to redungim carbon dioxide (C{pemissions
using recent estimates of the fisoci al cost
monetized damages associated with an incremental increase in carbon emissions in a given
year. Itis intended to include (but is not limited to) charigenet agricultural productivity,
human health, property damages from increased flood risk, and the value of ecosystem
services due to climate change. The SCC estimates used in this analysis were developed
through an interagency process that included BRd other executive branch entities, and
concluded in February 2010. EPA first used these SCC estimates in the benefits analysis for
the final joint EPA/DOT Rulemaking to establish Lighuty Vehicle Greenhouse Gas
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Emission Standards and Corporate Ageea F u e | Economy Standards,;
preamble for discussion about application of SCC (75 FR 25324; 5/7/10). The SCC

Technical Support Document (SCC TSD) provides a complete discussion of the methods

used to develop these SCC estimétes.

The intergency group selected four SCC values for use in regulatory analyses, which
we have applied in this analysis: $5, $21, $35, and $65 per metric ton, eh@&sions’ in
2010, in 2007 dollars. The first three values are based on the average SCC from three
integrated assessment models, at discount rates of 2.5, 3, and 5 percent, respectively. SCCs
at several discount rates are included because the literature shows that the SCC is quite
sensitive to assumptions about the discount rate, and because no coasistsos the
appropriate rate to use in an intergenerational context. The fourth value is the 95th percentile
of the SCC from all three models at a 3 percent discount rate. Itis included to represent
higherthanexpected impacts from temperature chaiugeer out in the tails of the SCC
distribution. Low probability, high impact events are incorporated into all of the SCC values
through explicit consideration of their effects in two of the three models as well as the use of
a probability density funatn for equilibrium climate sensitivityTreating climate sensitivity
probabilistically results in more high temperature outcomes, which in turn lead to higher
projections of damages.

The SCC increases over time because future emissions are expecteite jproger
incremental damages as physical and economic systems become more stressed in response to
greater climatic change. Note that the interagency group estimated the growth rate of the
SCC directly using the three integrated assessment modelsthathe&ssuming a constant
annual growth rate. This helps to ensure that the estimates are internally consistent with other

8 Docket ID EPAHQ-OAR-20090472114577,Technical Support Document: Social Cost of Carbon for
Regulatory Impact Aalysis Under Executive Order 12866teragency Working Group on Social Cost of

Carbon, with participation by Council of Economic Advisers, Council on Environmental Quality, Department
of Agriculture, Department of Commerce, Department of Energy, Depatrmhd@ ransportation, Environmental
Protection Agency, National Economic Council, Office of Energy and Climate Change, Office of Management
and Budget, Office of Science and Technology Policy, and Department of Treasury (February 2010). Also
available ahttp://www.epa.gov/otag/climate/regulations.htm

¥ The interagency group decided that these estimates apply only, en@€3ions. Given that warming

profiles and impacts other than temperature change (e.g. ocean acidification) vary across GHGs, the group
concluded #ftr an s fequvaants gsinggGW eand themnubiplyi@dxhe carbguivalents

by the SCCwould not result in accurate estimates of the social costse€gases o (SCC TSD, pg
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modeling assumptions. The SCC estimates for the analysis years of 2014, in 2007 dollars
are provided in Table-55.

When attemptingo assess the incremental economic impacts of carbon dioxide
emissions, the analyst faces a number of serious challenges. A recent report from the
National Academies of Science (NRC 2009) points out that any assessment will suffer from
uncertainty, spedation, and lack of information about (1) future emissions of greenhouse
gases, (2) the effects of past and future emissions on the climate system, (3) the impact of
changes in climate on the physical and biological environment, and (4) the translation of
these environmental impacts into economic damages. As a result, any effort to quantify and
monetize the harms associated with climate change will raise serious questions of science,
economics, and ethics and should be viewed as provisional.

The interagecy group noted a number of limitations to the SCC analysis, including
the incomplete way in which the integrated assessment models capture catastrophie and non
catastrophic impacts, their incomplete treatment of adaptation and technological change,
uncertinty in the extrapolation of damages to high temperatures, and assumptions regarding
risk aversion. The limited amount of research linking climate impacts to economic damages
makes the interagency modeling exercise even more difficult. The interagenpyhgpes
that over time researchers and modelers will work to fill these gaps and that the SCC
estimates used for regulatory analysis by the Federal government will continue to evolve
with improvements in modeling. Additional details on these limitatavesdiscussed in the
SCC TSD.

In light of these limitations, the interagency group has committed to updating the
current estimates as the science and economic understanding of climate change and its
impacts on society improves over time. Specificallg,ititeragency group has set a
preliminary goal of revisiting the SCC values within two years or at such time as
substantially updated models become available, and to continue to support research in this
area.

Applying the global SCC estimates to the eat@d reductions in Cemissions for
the range of policy scenarios, we estimate the dollar value of the climate related benefits
captured by the models for each analysis year. For internal consistency, the annual benefits
are discounted back to NPV ternmsing the same discount rate as each SCC estimate (i.e.
18C



5%, 3%, and 2.5%) rather than 3% and *?%hese estimates are provided in TablEs5

Table 515. Social Cost of Carbon (SCC) Estimates (per tonne of Gfor 2014 (in

2007$§

Discount Rate and Static SCC estimate
5% Average $5.5
3% Average $23.4
2.5% Average $37.7
3% 95%ile $71.2

#The SCC values are doligear and emissiongear specific. SCC values represent only a partial accounting of
climate impacts.

Table 516. MonetizedSCC-Derived Benefits of CO, Emissions Reductions in 2014 (in
millions of 2007%$}§

Discount Rate and Statistic SCGderived benefits
Tons of CQ reduced (millions) 25
5% Average $140
3% Average $590
2.5% Average $950
3% 95%ile $1300

#The SCC values are doligear and emissiongear specific. SCC values represent only a partial accounting of
climate impacts.

5.7 Benefits Results

Applying the impact and valuation functions descripegliously in this chapter to
the estimated changes in ozone and PM yields estimates of the changes in physical damages
(e.g., premature mortalities, cases, admissions, and change in light extinction) and the
associated monetary values for those changetmates of physical health impacts among
those states in either the ozone or,BMading region, or outside the trading region, are
presented in Table-57. Monetized values for both health and welfare endpoints within the
trading region are presentadTable5-18, along with total aggregate monetized benefits. All
of the monetary benefits are in constgaar 2007 dollars. The PMrelated benefits of the
more and less stringent scenarios were within abs4t of the selected remedy. The results

Oyt is possible that other benefits or costs of proposed regulations unrelategemis€lons will be
discounted at rates that differ from those used teldpvthe SCC estimates.
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of thatanalysis may be found in the cdmnefit comparison chapté@Chapter 10 of this
RIA).
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Table 5-17: Estimated Reduction in Incidence of Adverse Health Effects of the
Selectedremedy (95% confidence intervals)

Beyond transport

Health Effect Within transport region region Total
PM-Related endpoints
Premature Mortality
13,000 33 13,000
Pope et al. (2002) (age >30 (5,200 21,000) (55 60) (5,208 21,000)
Laden et al. (2006) (age 34,000 84 34,000
>25) (18,00® 49,000) (318 140) (18,00® 49,000)
59 0.15 59
Infant (< 1 year) (-475 160) (-0.23 0.5) (-475 160)
Chronic Bronchitis 8,700 23 £ 700
(1,600 16,000) (-50 50) (1,60 16,000)
15,000 40 15,000
Nonfatal heart attacks (age > 18) (5,608 24,000) (78 72) (5,608 24,000)
Hospital admissiors respiratory 2,700 5 2,700
(all ages) (1,303 4,000) (20 9) (1,30 4,000)
Hospital admissiorés cardiovascular 5,700 15 5,800
(age > 18) (4,200 6,600) (108 19) (4,200 6,600)
Emergency room visits for asthma 9,800 21 9,800
(age < 18) (5,80 14,000) (76 36) (5,80 14,000)
Acute bronchitis 19,000 50 19,000
(age 812) (-63m 37,000) (-299 130) (-660 37,000)
Lower respiratory symptoms (agel4) 240,000 630 X000
piratory symp 9 (120,00@ 360,000) (1305 1,100) (120,00@ 360,000)
Upper respiratory symptoms 180,000 480 180,000
(asthmatics age-28) (57,00® 310,000) (-250 980) (57,00® 310,000)
Asthma exacerbation 400,000 1,100 400,000
(asthmatics 8.8) (45,00® 1,100,000) (-250 2,900) (45,00® 1,100,000)
Lost work days 1,700,000 4,300 1,700,000
(ages 185) (1,500,000 1,900,000) (3,50 5,200) (1,500,000 1,900,000)
Minor restrictedactivity days 10,000,000 26,000 10,000,000

(ages 185)

(8,400,008 11,000,000)

(20,008 32,000)

(8,400,000 12,000,000)

Ozonerelated endpoints
Premature mortality

Bell et al.(2004) (all ages)

27
(115 42)

0.1
(0.015 0.3)

27
(115 42)
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Schwartz et al. (2005) 41 0.2 41

(all ages) (170 64) (0.15 0.4) (170 65)
Huang et al. (2005) 37 0.2 37
(all ages) (1786 57) (0.16 0.4) (176 57)
120 0.6 120
§ Ito et al. (2005) (all ages) (783 160) 0.3 0.9) (795 160)
>
c
c 87 0.5 87
g Bell et al. (2005) (all ages) (485 130) 0.23 0.8) (485 130)
3]
= 120 0.7 120
Levy et al. (2005) (all ages) (89 150) (0.43 0.9) (905 160)
Hospital admissiors respiratory 160 1.2 160
causes (ages > 65) (216 280) (0.16 2.3) (216 290)
Hospital admissiors respiratory 83 0.5 84
causes (ages <2) (435 120) (0.20 0.8) (4356 120)
Emergency room visits for asthma (all 86 0.4 86
ages) (-206 260) (-0.20 1.4) (-20 260)
Minor restrictedactivity days (ages 18 160,000 910 160,000
65) (80,00® 240,000) (2405 1,600) (80,00® 240,000)
School absence days 51,000 290 el
(22,00® 73,000) (599 490) (22,00® 74,000)

A Estimates rounded to two significant figures; column values will not sum to total value.
B The negative estimates for certain endpoimésthe result of the weak statistical power of the study used to calculate these hes
impacts and do not suggest that increases in air pollution exposure result in decreased health impacts.
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Table 518: Estimated Economic Value of Health andVelfare Benefits (95%
confidence intervals, billions of 2007%)

Within transport

Beyond transport

Health Effect Pollutant region regior? Total
Premature Mortality (Pope et al. 2002 PM mortality and Bell et al. 2004 ozone mortalit
estimates)
. $100 $0.3 $100
3%discount rate PM5& Os ($8.3 $320) ($0.0% $0.9) ($8.3 $320)
. $94 $0.2 $94

7% discount rate PMzs& Os ($7.5 $280) ($0.0% $0.8) ($7.5 $290)
Premature Mortality (Laden et al. 2006 PM mortality and Levy et al. 2005 ozone morte
estimates)

. $270 $0.7 $270

3% discount rate PMs& Os ($23 $770) ($0.055 $2) ($23 $770)

. $240 $0.6 $240

7% discount rate PMzs& Os ($215 $700) ($0.05 $1.8) ($215 $700)

. o $4.2 $0.01 $4.2
Chronic Bronchitis PM: s ($0.2 $19) ($-0.003-$0.06) ($0.2 $19)
Non-fatal heart attacks
; $1.7 $0.004 $1.7
3% discount rate PM: s ($0.3 $4.2) ($0.00® $0.01) ($0.3 $4.2)
. $1.3 $0.004 $1.3
0,

7% discount rate PM: s ($0.3 $3.1) ($0.003 $0.001)  ($0.3 $3.1)
Hospital admissiorts PM, <& O $0.04 $0.04
respiratory 257 M3 ($0.0 $0.06) ($0.0 $0.06)
Hospital admissioris PM $0.09 $0.09
cardiovascular 25 ($0.01 $0.2) ($0.01 $0.2)
Emergency room visits PM,<& O $0.003 ($$006%0§’
for asthma 25% 3 ($0.003 $0.006) 0 006)

$0.008
. $0.008
Acute bronchitis PM, 5 (<$-0.016
(<$-0.018 $0.02§ $0.025
Lower respiratory PM $0.004 ($$00(.)%(2'§
symptoms 25 ($0.002 $0.009) $d.009)
Upper respiratory PM $0.005 ( <$$%%0§
symptoms 25 (<$0.0B $0.014) $0_(')14)
$0.02 $0.02
Asthma exacerbation PM, s . ($0.00
($0.003 $0.08) $0.08)
$0.2 $0.2
Lost work days PMzs ($0.1B $0.24) ($0.1D $0.24)
$0.01
$0.01
School loss days o ($0.0046
($0.004 $0.013) $0.013)
Minor restrictedactivity PM, <& O $0.7 $0.7
days 257 3 ($0.3 $1) ($0.3 $1)
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Recreational visibility,

Class | areas PMzs $4.1

Social cost of carbon (3%

discount rate, 2014 value Co, $0.6

Monetized total Benefits
(Pope et al. 2002 PMs mortality and Bell et al. 2004 ozone mortality estimates)

_ $110 $028 $120

3% discount rate PM, 5 O3 ($8.85 $340) ($0.01 $0.9) ($148 $350)
. $100 $025 $110

7% discount rate PM;s5, Os ($85 $310) ($0.018 $0.85) ($13 $320)

Monetized total Benefits
(Laden et al. 2006 PM s mortality and Levy et al. 2005 ozone mortality estimates)

. $270 $0.7 $280
3% discount rate PM, 5 O; ($245 $800) ($0.05 $2.1) ($29 $810)

. $250 $0.6 $250
7% discount rate PM;s5 Os ($225 $720) ($0.08 $1.9) ($265 $730)

A Estimates rounded to two significant figures.

B Monetary value of endpoints marked with dashes<&#00,000. States included in transport region may k
found in chapter 2.

©The negative estimates for certain endpoints are the result of the weak statistical power of the study u:
calculate these health impacts and do not suggest that increaggoifution exposure result in decreased
health impacts.

Not all known PM and ozonegelated health and welfare effects could be quantified or
monetized. The monetized value of these unquantified effects is represented by adding an
unknown fiBo0O to the aggregate tot ditsisthusThe est
equal to the subset of monetized Pand ozoneelated health and welfare benefits plus B,
the sum of the nonmonetized health and welfare benefits; this B represents both uncertainty
and a bias in this analysis, as it reflects those benatiégaries that we are unable quantify
in this analysis.

Total monetized benefits are dominated by benefits of mortality risk reductions. The
primary analysis projects that theeferred remedy will result in betweer3,000 and 3,000
PM, s and ozoneelated avoided premature deaths annually in 2014. Our estimate of total
monetized benefits in 20%dr theseleced remedy is between &l billion and $80 billion
using a 3 percent discount rate and betwed® Billion and $50 using a 7 percent discount
rate. Health benefits account for between 97 and 99 percent of total benefits depending on
the PM s and ozone mortality estimates used, in part because we are unable to quantify most
of the norhealth benefits. The monetized benefit associated witlttieds in the risk of
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premature mortality, which accounts for betwe&f@and $Z0 billion in 2014, depending

again on the PM and ozone mortality risk estimates used, is bet@eaa & percent of

total monetized health benefits. The next largest ltaadbr reductions in chronic iliness

(CB and nonfatal heart attacks), although this value is more than an order of magnitude lower
than for premature mortality. Hospital admissions for respiratory and cardiovascular causes,
visibility, MRADs, work lossdays, school absence days, and worker productivity account for
the majority of the remaining benefits. The remaining categories each account for a small
percentage of total benefit; however, they represent a large number of avoided incidences
affecting many individuals. A comparison of the incidence table to the monetary benefits
table reveals that there is not always a close correspondence between the number of
incidences avoided for a given endpoint and the monetary value associated with that
endpoint. For example, there are almost 100 times more work loss days than premature
mortalities, yet work loss days account for only a very small fraction of total monetized
benefits. This reflects the fact that many of the less severe health effects, while more
common, are valued at a lower level than the more severe health effects. Also, some effects,
such as hospital admissions, are valued using a proxy measure of WTP. As such, the true
value of these effects may be higher than that reported in Tdlde 5

Figures 515 and 516 illustrates the geographic distribution of avoided, Pahd
ozonerelated mortalities estimated to result from sleéeceéd remedy. Figure-27 plots the
cumulative distributiorof the percentage of deaths due to PM2.5 and ozor#l# Prior to
and after the implementation of the Transport Rule rem&siyllustrated in this figure, once
implemented the Transport Rule is estimated to reduce by a substantial fraction the
percentage of total deaths due toJRMind ozone While not quantified in this RIA, we
expect the Transport Rule to produce important public health benefits for populations living
in Canada. Approximately 90% of the Canadian population lives within 100 miles of the U.S.
border, suggesting that some of the air quatitprovements projected in areas near the-U.S.
Canada border would be enjoyed by Canadian populations as well. A recent analysis
(Chestnut and Mills, 2005) of the U.S. Acid Rain Program estimates annual benefits of the
program in 2010 to both Canada ahd United States at $122 billion and costs for that year
at $3 billion (2000%) a 40to-1 benefit/cost ratio. These quantified benefits in the United
States and Canada are the result of improved air quality prolonging lives, reducing heart
attacks and otherardiovascular and respiratory problems, and improving visibility. The
complete report is available in volume 77, issue 3, ofthuenal of Environmental
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Management

These figures show that while there are very large health benefits throughout most of
the East, there could be several areas where a very small disbenefit could result if further
governmental actions do not occur to address them in the future. There are several upcoming
planned federal actions that could lead to further large reductiongtioatiuthe US of
ambient levels of fine particles and ozone. Additionally, state actions to address regional
haze in the near future and the existing NAAQS for fine particles and ozone could address
these situations. There are also other state actiacisasuthe recent Colorado Clean Air
Clean Jobs Act of April 2010 that is likely to convert much offifent Range coafired
generation in Colorado to natural gas in the near future.
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Figure 5-15: Estimated reduction in exces®M. s-related premature mortalities
estimated to occur in each county in 2014 as a result of teeleced remedy.

PM2.5-related deaths avoided
Pope et al. {2002) PM mortality risk estimate
B ite-100

| EERTRES

I 075 t0-003

I o0ste000

B 0.1 to0s

B 0 to2a

B = to 195



Figure 5-16: Estimated reduction in excess ozoraelated premature mortalities
estimated to occur in each county in 2014 as a result of teseleced remedy
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Figure 5-17: Cumulative percentage of the reduction in alcause mortality attributable
to reductions in PM,.sand Ozone resulting from theselectedremedy by county in 2014
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Figure 518 summarizes an array of Rbrelated monetized benefits estimates based
on alternative epidemiology and expdgrived PMmortality estimate as well as the sum of
ozonerelated benefits using the Bell et al. (2004) mortality estimate.

Based on our review of the current body of stiferliterature, EPA estimated PM
related mortality without applying an assume
Science Assessment for Particulate Matter (U.S. EPA, 2009b), which was recently reviewed
by EPAG6s Clean Air Steei(leS ERASAB,200%adWS. BP&AB;, Co mmi
2009b), concluded that the scientific literature consistently finds thattaeshold log
linear model most adequately portrays the-Rttality concentratiomesponse relationship
while recognizing potential undainty about the exact shape of the concentratsponse
function. Consistent with this finding, we have conformed the threshold sensitivity analysis
to the current state of the PM sciemogroved upon our previowgproach for estimating
the sensitivity of the benefits estimates to the presence of an assumed thrgshold
incorporating a new fALowest. Measured Level OO

This approach summarizes the distribution of avoided PM mortality impacts
accordingto the baseline (i.e. pfEransport Rule) PWks levels experienced by the population
receiving the PMs mortality benefit (Figure 89). We identify on this figure the lowest air
guality levels measured in each of the two primary epidemiological stuBiksges to
guantify PMrelated mortality. This information allows readers to determine the portion of
PM-related mortality benefits occurring above or below the LML of each study; in general,
our confidence in the estimated PM mortality decreases as welepair quality levels
further below the LML in the two epidemiological studies. While the LML analysis provides
some insight into the level of uncertainty in the estimated PM mortality benefits, EPA does
not view the LML as a threshold and continuegquantify PMrelated mortality impacts
using a full range of modeled air quality concentrations.

The very large proportion of the avoided P&lated impacts we estimate in this
analysis occur among populations exposed at or above the LML of each studggSiy9)
increasing our confidence in the PM mortality analysis. Approxim&@Hy of the avoided
impacts occur at or above an annual mean f&Vel of 10 pg/m (the LML of the Laden et
al. 2006 study); about6® occur at or above an annual meanBMvel of 7.5 ug/m(the
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LML of the Pope et aR002study). As we model mortality impacts among populations

exposed to levels of PMthat are successively lower than the LML of each study our

confidence in the results diminishes. However, the analysieatmnfirms that the great

maj ority of the iIimpacts occur at or above ea

As an example, when considering mortality impacts among populations living in
areas with an annual mean PM level pfgBm3, we would place greater confidence in
estimaes drawn from the Pope et al. 2002 study, as this air quality level is above the LML of
this study. Conversely, we would place equal confidence when estimating mortality impacts
among populations living in locations where the annual mean PM levels ae Hhoym3
because this value is at or above the LML of each study.

Finally, Figure 520 illustrates the percentage of population exposed to different
levels of annual mean PM2.5 levels in the baseline and after the implementation of the
Transport Rule i2014. The Transport Rule reduces overall PM2.5 levels substantially,
particularly among highly exposed populations located within the states covered by the rule.
Locations of the U.S. where annual mean PM levels are below the lowest measured level of
the Pope studywestern states in particuteaire generally unaffected by the rule. However,
for populations in the far western portion of the Transport Rule region, where annual mean
PM, sconcentrations are below 4§ /m3, there are benefits of the ruddthough the
relative magnitude of those benefits compared to benefits in the majority of the areas covered
by the Transport Rule is small. In these areas there is lower confidence in the magnitude of
the benefits associated with reductions in loegn MM, s. However, in these same areas,
there may be additional benefits associated with short term elevated levels of PM, and there
is relatively greater confidence in those benefits. In addition, we note that prior to the
implementation of the Transporuk, 85% of the population live in areas where;BMvels
are projected to be above the lowest measured levels of the Pope study. Taken together, this
information increases our confidence in the estimated mortality reductions for this rule.

While the LML of each study is important to consider when characterizing and
interpreting the overall level Pivklated benefits, as discussed earlier in this chapter, EPA
believes that bothohortbasedmortality estimates are suitable for use in air gmhhealth
impact analysesVhen estimating PM mortality impacts using risk coefficients drawn from
the Laden et al. analysis of the Harvard Six Cities and the Pope et al. analysis of the
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American Cancer Society cohorts there are innumerable other t&éribat may affect the
size of the reported risk estimadescluding differences in population demographics, the
size of the cohort, activity patterns and particle composition among others. The LML
assessment presented here provides a limited represermgtine key difference between
the two studies.

Figure 5-18: Estimated PM, 5 related premature mortalities avoided according to
epidemiology or expertderived PM mortality risk estimate”
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A Column total equals sum of RMrelated mortality andnhorbidity benefits and ozomelated morbidity and
mortality benefits using the Bell et al. (2004) mortality estimate.

194



Figure 5-19: Distribution of PM, srelated mortality impacts by baseline PM s levels,
PM. s epidemiology study and lowest measureaVel (LML) of each study
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Figure 5-20: Cumulative percentage of adult population at annual mean Pl levels
(pre- and post2014 Transport Rule)

5.8 Discussion

This analysis demonstrates the significant health and welfare benefitsToattsport
Rule. We estimate that by 2014 the rule will have reduced the number,gfa@tllozone
related premature mortalities by betwe&0D00 and 3,000, produce substantial non
mortality benefits and significantly improve visibility in Class 1 ar@&ss rule promises to
yield significant welfare impacts as well, though the quantification of those endpoints in this
RIA is incomplete. These significant health and welfare benefits suggest the important role
that pollution from the EGU sector plays retpublic health impacts of air pollution.

Inherent in any complex RIA such as this one are multiple sources of uncertainty.
Some of these we characterized through our quantification of statistical error in the
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