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1 INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is presently conducting a review of
the national ambient air quality standards (NAAQS) for ozone (O3) and related photochemical
oxidants. An overview of the approach to reviewing the O3 NAAQS is presented in the
Integrated Review Plan for the Ozone National Ambient Air Quality Standards (IRP, US EPA,
2011a). The IRP discusses the schedule for the review; the approaches to be taken in developing
key scientific, technical, and policy documents; and the key policy-relevant issues that will frame
our consideration of whether the current NAAQS for O3 should be retained or revised.

Sections 108 and 109 of the Clean Air Act (CAA) govern the establishment and periodic
review of the NAAQS. These standards are established for pollutants that may reasonably be
anticipated to endanger public health and welfare, and whose presence in the ambient air results
from numerous or diverse mobile or stationary sources. The NAAQS are to be based on air
quality criteria, which are to accurately reflect the latest scientific knowledge useful in indicating
the kind and extent of identifiable effects on public health or welfare that may be expected from
the presence of the pollutant in ambient air. The EPA Administrator is to promulgate and
periodically review, at five-year intervals, “primary” (health-based) and “secondary” (welfare-
based) NAAQS for such pollutants. Based on periodic reviews of the air quality criteria and
standards, the Administrator is to make revisions in the criteria and standards, and promulgate
any new standards, as may be appropriate. The Act also requires that an independent scientific
review committee advise the Administrator as part of this NAAQS review process, a function
performed by the Clean Air Scientific Advisory Committee (CASAC).!

The current primary NAAQS for Og is set at a level of 0.075 ppm, based on the annual
fourth-highest daily maximum 8-hr average concentration, averaged over three years, and the
secondary standard is identical to the primary standard (73 FR 16436). The EPA initiated the

! The Clean Air Scientific Advisory Committee (CASAC) was established under section 109(d)(2) of the
Clean Air Act (CAA) (42 U.S.C. 7409) as an independent scientific advisory committee. CASAC provides advice,
information and recommendations on the scientific and technical aspects of air quality criteria and NAAQS under
sections 108 and 109 of the CAA. The CASAC is a Federal advisory committee chartered under the Federal
Advisory Committee Act (FACA). See
http://yosemite.epa.gov/sab/sabpeople.nsf/\WebCommitteesSubcommittees/ CASAC%20Particulate%20Matter%20R
eview%20Panel for a list of the CASAC PM Panel members and current advisory activities.
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current review of the ozone NAAQS on September 29, 2008 with an announcement of the
development of an ozone Integrated Science Assessment and a public workshop to discuss
policy-relevant science to inform EPA’s integrated plan for the review of the ozone NAAQS (73
FR 56581). The NAAQS review process includes four key phases: planning, science
assessment, risk/exposure assessment, and policy assessment/rulemaking.? A workshop was
held on October 29-30, 2008 to discuss policy-relevant scientific and technical information to
inform EPA’s planning for the ozone NAAQS review. Following the workshop, EPA developed
a planning document, the Integrated Review Plan for the Ozone National Ambient Air Quality
Standards (IRP; US EPA, 2011a), which outlined the key policy-relevant issues that frame this
review, the process and schedule for the review, and descriptions of the purpose, contents, and
approach for developing the other key documents for this review.® In June 2012, EPA
completed the third draft of the ozone ISA, assessing the latest available policy-relevant
scientific information to inform the review of the O3 standards. The Integrated Science
Assessment for Ozone and Related Photochemical Oxidants - Third External Review Draft (ISA;
US EPA, 2012), includes an evaluation of the scientific evidence on the welfare effects of Os,
including information on exposure, physiological mechanisms by which O3 might adversely
impact vegetation, and an evaluation of the ecological evidence including information on
reported concentration-response (C-R) relationships for Os-related changes in plant biomass.
The EPA’s Office of Air Quality Planning and Standards (OAQPS) has developed this
quantitative welfare risk and exposure assessment (REA) describing the quantitative assessments
of exposure to O3 and Os-related risks to public welfare to support the review of the secondary
O3 standards. This document is a concise presentation of the conceptual model, scope, methods,
key results, observations, and related uncertainties associated with the quantitative analyses
performed. The REA builds upon the welfare effects evidence presented and assessed in the
ISA, as well as CASAC advice (Samet, 2011) and public comments on a scope and methods
planning document for the REA (here after, “Scope and Methods Plan”, US EPA, 2011b).

2 For more information on the NAAQS review process see http://www.epa.gov/ttn/naags/review.html.

¥ On March 30, 2009, EPA held a public consultation with the CASAC Ozone Panel on the draft IRP. The
final IRP took into consideration comments received from CASAC and the public on the draft plan as well as input
from senior Agency managers.
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Revisions to this draft RA will draw upon the final ISA and will reflect consideration of CASAC
and public comments on this draft.

The ISA and REA will inform the policy assessment and rulemaking steps that will lead
to final decisions on the primary O3 NAAQS, as described in the Integrated Review Plan for the
Ozone National Ambient Air Quality Standards. The policy assessment will include staff
analysis of the scientific basis for alternative policy options for consideration by senior EPA
management prior to rulemaking. The PA integrates and interprets information from the ISA
and the REA to frame policy options for consideration by the Administrator. The PA is intended
to link the Agency’s scientific and technical assessments, presented in the ISA and REA, to
judgments required of the Administrator in determining whether it is appropriate to retain or
revise the current Oz standards. Development of the PA is also intended to facilitate elicitation
of CASAC’s advice to the Agency and recommendations on any new standards or revisions to
existing standards as may be appropriate, as provided for in the Clean Air Act (CAA). The first
draft PA is planned for release around the middle of August 2012 for review by the CASAC O3
Panel and the public concurrently with their review of this first draft REA September 11-13,
2012.

1.1 HISTORY

As part of the last O3 NAAQS review completed in 2008, EPA’s OAQPS conducted
guantitative risk and exposure assessments to estimate risks to human welfare based on
ecological effects associated with exposure to ambient O3 (U.S. EPA 2007a, U.S. EPA 2007b).
The assessment scope and methodology were developed with considerable input from CASAC
and the public, with CASAC generally concluding that the exposure assessment reflected
generally accepted modeling approaches, and that the risk assessments were well done, balanced
and reasonably communicated (Henderson, 2006a). The final quantitative risk and exposure
assessments took into consideration CASAC advice (Henderson, 2006a; Henderson, 2006b) and
public comments on two drafts of the risk and exposure assessments.

The assessments conducted as part of the last review focused on national-level Os-related
impacts to sensitive vegetation and their associated ecosystems. The vegetation exposure
assessment was performed using an interpolation approach that included information from

ambient monitoring networks and results from air quality modeling. The vegetation risk

1-3



© 00 N O o A W N

W W N N DD DN DN DN DD PR R R R R R R R
. O © 00 N O 0o B WO N P O © 00N OO O B W N — O

assessment included both tree and crop analyses. The tree risk analysis included three distinct
lines of evidence: (1) observations of visible foliar injury in the field linked to monitored Os air
quality for the years 2001 — 2004; (2) estimates of seedling growth loss under then current and
alternative Oz exposure conditions; and (3) simulated mature tree growth reductions using the
TREGRO model to simulate the effect of meeting alternative air quality standards on the
predicted annual growth of mature trees from three different species. The crop risk analysis
included estimates of crop yields under current and alternative O3 exposure conditions. The
associated changes in economic value upon meeting the levels of various alternative standards
were analyzed using an agricultural sector economic model. Key observations and insights from
the ozone risk assessment, in addition to important caveats and limitations, were addressed in
Section 11.B of the Final Rule notice (73 FR 16440 to 16443, March 27, 2008).

Prior to the issuance of a proposed rulemaking in the last review, CASAC presented
recommendations to the Administrator supporting revisions of the O3 secondary standard. These
recommendations cited the results of the quantitative risk assessment in recommending a range
of ozone levels below the existing standard at the time (0.084 ppm) (Henderson, 2006a). In the
2008 final rule, the EPA Administrator considered the results of the exposure and risk
assessments and the potential magnitude of the risk to human welfare given recent air quality
data and air quality simulated to meet the current standard and alternative standards. The EPA
proposed to revise the level of the primary standard to a level within the range of 0.075 to 0.070
ppm. Two options were proposed for the secondary standard: (1) replacing the current standard
with a cumulative, seasonal standard, expressed as an index of the annual sum of weighted
hourly concentrations cumulated over 12 daylight hours during the consecutive 3-month period
within the O3 season with the maximum index value (W126), set at a level within the range of 7
to 21 ppm-hrs, and (2) setting the secondary standard identical to the revised primary standard.
The EPA completed the review with publication of a final decision on March 27, 2008 (73 FR
16436), revising the level of the 8-hour primary O3 standard from 0.08 ppm to 0.075 ppm and
revising the secondary standard to be identical to the revised primary standard.

In May 2008, state, public health, environmental, and industry petitioners filed suit
against EPA regarding the 2008 final decision on the O3 NAAQS, and on December 23, 2008,
the Court set a briefing schedule in the consolidated cases. On March 10, 2009, EPA requested

that the Court vacate the briefing schedule and hold the consolidated cases in abeyance. This
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request for extension was made to allow time for appropriate EPA officials appointed by the new
Administration to review the O3 NAAQS to determine whether the standards established in the
March 2008 O3 NAAQS decision should be maintained, modified or otherwise reconsidered. In
granting EPA’s request, the Court directed EPA to notify the Court by September 16, 2009 of the
action it will be taking with respect to the 2008 O3 NAAQS rule and the Agency’s schedule for
undertaking such action. The EPA notified the Court on September 16, 2009 of its decision to
reconsider the primary and secondary O3 NAAQS set in March 2008 to ensure they are
scientifically sound and protective of public health and the environment.

In 2010 the Administrator proposed to reconsider and revise parts of that 2008 final rule.
Specifically, she proposed to revise the level of the primary standard to within the range of 0.060
to 0.070 ppm and she proposed to revise the secondary standard by setting a new cumulative,
seasonal standard in terms of the W126 metric, set within the range of 7-15 ppm-hours (FR 75
2938). This proposal was based on the scientific and technical record from the 2008 rulemaking,
including public comments and CASAC advice and recommendations. The information that was
assessed during the 2008 rulemaking included information in the 2006 Criteria Document (EPA,
20064a), the 2007 Policy Assessment of Scientific and Technical Information, referred to as the
2007 Staff Paper (EPA, 2007a), and related technical support documents including the 2007
REAs (U.S. EPA, 2007b; Abt Associates, 2007a,b).* Scientific and technical information
developed since the 2006 Criteria Document was not considered in the 2010 proposal.

On September 2, 2011, the President requested that EPA withdraw the proposal to revisit
and revise the 2008 Ozone National Ambient Air Quality Standards, noting that work was
already underway on the next review (memo from President Obama,
http://www.whitehouse.gov/the-press-office/2011/09/02/statement-president-ozone-national-
ambient-air-quality-standards).® The proposed changes to the 2008 O; NAAQS were not
finalized.

“The EPA’s Office of Research and Development/National Center for Environmental Assessment
(ORD/NCEA) also conducted a provisional assessment of pertinent studies investigating the health and ecological
effects of O3 that were published after the cutoff for inclusion in the 2006 O; Criteria Document. The provisional
assessment was conducted for the purpose of determining if any recent studies would materially change the
conclusions of the 2006 O; Criteria Document. The provisional assessment concluded that, taken in context, results
of more recent studies did not materially change any of the broad scientific conclusions regarding the health and
ecological effects of O; exposure made in the 2006 O3 Criteria Document. Thus, as stated above, the 2010 proposal
was based solely on the record from the 2008 rulemaking and did not consider scientific and technical information
developed since the 2006 Criteria Document.

*Also see letter from Cass Sunstein, Administrator of the Office of Information and Regulatory Affairs, to
EPA Administrator Lisa Jackson
(http://www.whitehouse.gov/sites/default/files/ozone national _ambient air_gquality standards_letter.pdf).
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1.2 CURRENT RISK ASSESSMENT: GOALS AND PLANNED APPROACH

The goals of the current quantitative welfare risk assessments are (1) to provide estimates
of the ecological effects of O3 exposure across a range of environments; (2) to provide
estimates of ecological effects within selected case study areas; (3) to provide estimates of the
effects of O3 exposure on specific urban and non-urban ecosystem services based on the causal
ecological effects; and (4) to develop a better understanding of the response of ecological
systems and ecosystem services to changing levels of O3 exposure to inform the PA regarding
alternative standards that might be considered. This current quantitative risk and exposure
assessment builds on the approach used and lessons learned in the last O3 risk assessment and
focuses on improving the characterization of the overall confidence in the risk estimates,
including related uncertainties, by incorporating a number of enhancements, in terms of both the
methods and data used in the analyses. This assessment considers a variety of welfare endpoints
for which, in staff’s judgment, there is adequate information to develop quantitative risk
estimates that can meaningfully inform the review of the secondary O3 NAAQS.

This first draft REA provides an assessment of exposure and risk associated with recent
ambient levels of ozone and ozone air quality simulated to just meet the current primary ozone
standards. Subsequent drafts of the REA will evaluate potential alternative ozone standards

based on recommendations provided in the first draft of the Policy Assessment.

1.3 ORGANIZATION OF DOCUMENT

The remainder of this document is organized as follows. Chapter 2 provides a conceptual
framework for the risk and exposure assessment, including discussions of ozone chemistry,
sources of ozone precursors, ecological exposure pathways and uptake into plants, ecological
effects, and ecosystem services endpoints associated with ozone. This conceptual framework
sets the stage for the scope of the risk and exposure assessments. Chapter 3 provides an
overview of the scope of the quantitative risk and exposure assessments, including a summary of
the previous risk and exposure assessments, and an overview of the current risk and exposure
assessments. Chapter 4 discusses air quality considerations relevant to the exposure and risk
assessments, including available ozone monitoring data, and important inputs to the risk and
exposure assessments. Chapter 5 describes the ecological effects of O3 exposure and includes

quantitative analyses of vegetation biomass loss and foliar injury. Chapter 6 describes the
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ecosystem services affected by the ecological effects analyzed in Chapter 5. Chapter 6 includes
both quantitative assessments of the effects on ecosystem services as well as qualitative
discussion of services for which effects are known to occur, but quantitative analyses were not
possible. Chapter 7 provides an integrative discussion of the risk estimates generated in the
analyses drawing on the results of the analyses based on quantitative analysis and incorporating

considerations from the qualitative discussion of ecosystem services.
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2 CONCEPTUAL FRAMEWORK

In this chapter, we summarize the conceptual framework for assessing exposures of
ecosystems to Oz and the associated risks to public welfare. This conceptual framework includes
elements related to characterization of ambient O3 and its relation to ecosystem, exposures
(Section 2.1), important sources of O3 precursors including oxides of nitrogen (NOy) and volatile
organic compounds (VOC) (Section 2.2), ecological effects occurring in O3 sensitive ecosystems
(Section 2.3), and ecosystem services that are likely to be negatively impacted by changes in
ecological functions resulting from Oz exposures (Section 2.4). The chapter concludes with key
observations relevant for developing the scope of the quantitative risk and exposure assessments.

In the previous review of the secondary standards, the focus of the ecological risk
assessment was on estimation of changes in biomass loss and resulting impacts on forest and
agricultural yields as well as qualitative consideration of effects on ecosystem services. In this
review, EPA is expanding the analysis to consider the broader array of impacts on ecosystem
services resulting from known effects of ozone on ecosystem functions. This is to address the
objective of this risk assessment to quantify the risks not just to ecosystems but to the aspects of
public welfare dependent on those ecosystems. EPA has begun using an ecosystem services
framework to help inform determinations of the adversity to public welfare associated with
changes in ecosystem functions (Rea et al, 2012). The Risk and Exposure Assessment
conducted as part of the Review of the Secondary National Ambient Air Quality Standards for
Oxides of Nitrogen and Oxides of Sulfur (U.S. EPA, 2009) presents detailed discussions of how
ecosystem services and public welfare are related and how an ecosystem services framework
may be employed to evaluate effects on welfare. In this risk assessment we will identify the
ecosystem services associated with the ecological effects caused by O3 exposure for the national
scale assessment and the more refined case study areas. These services may be characterized as:
supporting services that are necessary for all other services (e.g., primary production); cultural
services including existence and bequest values, aesthetic values, and recreation values, among
others; provisioning services (e.g., food and timber); and regulating services such as climate
regulation or hydrologic cycle (Millenium Ecosystem Assessment, 2005). Figure 2- 1 illustrates
the relationships between the ecological effects of ozone and the anticipated ecosystem services

impacts. Specific services to be evaluated are discussed in the following sections.
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Relationship Between Ecological Effects of Ozone Exposure and

Os occurs naturally in the stratosphere where it provides protection against harmful solar

ultraviolet radiation, and it is formed closer to the surface in the troposphere by both natural and

anthropogenic sources. O3 is not emitted directly into the air, but is created when its two primary

precursors, volatile organic compounds (VOC) and oxides of nitrogen (NOy), combine in the

presence of sunlight. VOC and NOxy are, for the most part, emitted directly into the atmosphere.
Carbon monoxide (CO) and methane (CH,) are also important for O3 formation (US EPA, 2012,

section 3.2.2).

Rather than varying directly with emissions of its precursors, Oz changes in a nonlinear

fashion with the concentrations of its precursors. NOy emissions lead to both the formation and

destruction of O3, depending on the local quantities of NOy, VOC, and radicals such as the

hydroxyl (OH) and hydro-peroxy (HO2) radicals. In areas dominated by fresh emissions of NOy,
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these radicals are removed via the production of nitric acid (HNO3), which lowers the O3
formation rate. In addition, the scavenging of O3 by reaction with NO is called “titration,” and is
often found in downtown metropolitan areas, especially near busy streets and roads, and in
power plant plumes. This titration results in local valleys in which ozone concentrations are low
compared to surrounding areas. Titration is usually short-lived confined to areas close to strong
NOy sources, and the NO, formed this way leads to O3 formation later and further downwind. .
Consequently, ozone response to reductions in NOy emissions is complex and may include ozone
decreases at some times and locations and increases of ozone to fill in the local valleys of low
ozone. In areas with low NOy concentrations, such as those found in remote continental areas to
rural and suburban areas downwind of urban centers, the net production of O3 typically varies
directly with NOy concentrations, and increases with increasing NOy emissions.

In general, the rate of O3 production is limited by either the concentration of VOCs or
NOy, and O3 formation using these two precursors relies on the relative sources of OH and NOx.
When OH radicals are abundant and are not depleted by reaction with NOy and/or other species,
Os production is referred to as being “NOy-limited” (US EPA, 2012, section 3.2.4). In this
situation, O3 concentrations are most effectively reduced by lowering NOx emissions, rather than
lowering emissions of VOCs. When the abundance of OH and other radicals is limited either
through low production or reactions with NOy and other species, Oz production is sometimes
called “VOC-limited” or “radical limted” or “NOy-saturated” (Jaegle et al., 2001), and O3 is most
effectively reduced by lowering VOCs. However, even in NOy-saturated conditions, very large
decreases in NOy emissions can cause the ozone formation regime to become NOy limited.
Consequently, reductions in NOy emissions (when large) can make further emissions reductions
more effective at reducing ozone. Between the NOy-limited and NOy-saturated extremes there is
a transitional region where Os is relatively insensitive to marginal changes in both NOy and
VOCs.

In rural areas and downwind of urban areas, O3 production is generally NOy-limited. This
is particularly true in rural areas such as national parks, national forests, and state parks where
VVOC emissions from vegetation are high and anthropogenic NOx emissions are relatively low.
Due to lower chemical scavenging in non-urban areas, O3 tends to persist longer in rural than in
urban areas and tends to lead to higher cumulative exposures in rural areas than in urban areas.
(US EPA, 20123, Section 3.6.2.2).
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2.2 SOURCES OF O3 AND O3 PRECURSORS

O3 precursor emissions can be divided into anthropogenic and natural source categories,
with natural sources further divided into biogenic emissions (from vegetation, microbes, and
animals) and abiotic emissions (from biomass burning, lightning, and geogenic sources). The
anthropogenic precursors of O3 originate from a wide variety of stationary and mobile sources.

In urban areas, both biogenic and anthropogenic VOCs are important for Oz formation.
Hundreds of VOCs are emitted by evaporation and combustion processes from a large number of
anthropogenic sources. Based on the 2005 national emissions inventory (NEI), solvent use and
highway vehicles are the two main sources of VOCs, with roughly equal contributions to total
emissions (US EPA, 20123, Figure 3-3). The emissions inventory categories of “miscellaneous”
(which includes agriculture and forestry, wildfires, prescribed burns, and structural fires) and off-
highway mobile sources are the next two largest contributing emissions categories with a
combined total of over 5.5 million metric tons a year (MT/year).

On the U.S. and global scales, emissions of VOCs from vegetation are much larger than
those from anthropogenic sources. Emissions of VOCs from anthropogenic sources in the 2005
NEI were ~17 MT/year (wildfires constitute ~1/6 of that total), but were 29 MT/year from
biogenic sources. Vegetation emits substantial quantities of VOCs, such as isoprene and other
terpenoid and sesqui-terpenoid compounds. Most biogenic emissions occur during the summer
because of their dependence on temperature and incident sunlight. Biogenic emissions are also
higher in southern and eastern states than in northern and western states for these reasons and
because of species variations.

Anthropogenic NOy emissions are associated with combustion processes. Based on the
2005 NEI, the three largest sources of NOy are on-road and off-road mobile sources (e.qg.,
construction and agricultural equipment) and electric power generation plants (EGUSs) (US EPA,
2012, Figure 3-3). Emissions of NOy therefore are highest in areas having a high density of
power plants and in urban regions having high traffic density. However, it is not possible to
make an overall statement about their relative impacts on Os in all local areas because EGUs are
sparser than mobile sources, particularly in the west and south and because of the nonlinear
chemistry discussed in Section 2.1.

Major natural sources of NOy in the U.S. include lightning, soils, and wildfires. Biogenic

NOx emissions are generally highest during the summer and occur across the entire country,
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including areas where anthropogenic emissions are low. It should be noted that uncertainties in
estimating natural NOy emissions are much larger than for anthropogenic NOx emissions.

Ozone concentrations in a region are affected both by local formation and by transport
from surrounding areas. Ozone transport occurs on many spatial scales including local transport
between cities, regional transport over large regions of the U.S. and international/long-range
transport. In addition, Og is also transfered into the troposphere from the stratosphere, which is
rich in O3 through stratosphere-troposphere exchange (STE). These inversions or “foldings” usually
occur behind cold fronts, bringing stratospheric air with them (U.S. EPA, 2012, section 3.4.1.1).
Contribution to O3 concentrations in an area from STE are defined as being part of background O3
(U.S. EPA, 2012, section 3.4).

Rural areas, such as national parks, national forests, and state parks, tend to be less
directly affected by anthropogenic pollution sources than urban sites. However, they can be
regularly affected by transport of O3 or Oz precursors from upwind urban areas. In addition,
biogenic VOC emissions tend to be higher in rural areas and major sources of Oz precursor
emissions such as highways, power plants, biomass combustion, and oil and gas operations are
commonly found in rural areas, adding to the O3z produced in these areas. Areas at higher
elevations, such as many of the national parks in the western U.S., can also be affected more
significantly by international transport of O3 or stratospheric intrusions that transport O into the
area (US EPA, 20123, section 3.7.3).

2.3 ECOLOGICAL EFFECTS

Recent studies reviewed in the ISA support and strengthen the findings reported in the
2006 O3 AQCD (U.S. EPA, 2006a). The most significant new body of evidence since the 2006
O3 AQCD comes from research on molecular mechanisms of the biochemical and physiological
changes observed in many plant species in response to O3 exposure. These newer molecular
studies not only provide very important information regarding the many mechanisms of plant
responses to Os, they also allow for the analysis of interactions between various biochemical
pathways which are induced in response to Os. However, many of these studies have been
conducted in artificial conditions with model plants, which are typically exposed to very high,
short doses of Oz and are not quantifiable as part of this risk assessment, which is focused on

ambient conditions.
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Chapter 9 of the O3 ISA (U.S. EPA, 2012a) provides a detailed review of the effects of
O3 on vegetation including the major pathways of exposure and known ecological and ecosystem
effects. Figure 9-1 of the ISA is reproduced below (Figure 2- 2) as a summary of exposure and
effects. In general, O3 is taken up through the stomata into the leaves. Once inside the leaves, O
affects a number of biological and physiological processes, including photosynthesis. This leads,
in some cases, to visible foliar injury as well as reduced plant growth, which are the main
ecological effects assessed in this review. Visible foliar injury and reduced growth can lead to a
reduction in ecosystem services, including crop and timber yield loss, decreased C sequestration,

alteration in community composition and loss of recreational or cultural value.

O; exposure

l

eeeee O, uptake & physiology (Fig 9-2)
155995 «Antioxidant metabolism up-regulated
o .. *Decreased photosynthesis
*Decreased stomatal conductance
or sluggish stomatal response

o
o
= Effects on leaves 3
\;ﬁ-\) *Visible leaf injury =B
«Altered leaf production o
«Altered leaf chemical composition o
2,
<
Plant growth (Fig 9.8) B .
«Decreased biomass accumulation Affected ecosystem services
«Altered reproduction *Decreased productivity
«Altered carbon allocation *Decreased C sequestration
N *Altered crop quality *Altered water cycling (Fig 9-7)

eAltered community composition
(i.e., plant, insect & microbe)

Belowground processes (Fig 9.8)

Altered litter production and decomposition

eAltered soil carbon and nutrient cycling

Altered soil fauna and microbial communities

Figure 2-2  Conceptual diagram of the major pathway through which O3 enters

plants and the major endpoints that O; may affect in plants and
ecosystems. Figure numbers in this figure refer to Chapter 9 of the
ISA.

Overall causal determinations are made based on the full range of evidence including

controlled exposure studies and ecological studies. Figure 2- 3 shows the O3 welfare effects
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which have been categorized by strength of evidence for causality in the O3 ISA (US EPA,

2012a, chapter 2). These determinations support causal or likely causal relationships between

exposure to Oz and ecological and ecosystem level effects.

Reduced carbon
sequestration in
terrestrial ecosystems

Alteration of
terrestrial ecosystem
water cycling

Alteration of
terrestrial community
composition

Visible foliar injury
effects

Reduced vegetation growth

Reduced productivity in
terrestrial ecosystems

Reducedyield and
quality of agricultural
crops

Alteration of below
ground biogeochemical
cycles

Figure 2-3  Causal Determinations for Oz Welfare Effects

The adequate characterization of the effects of O3 on plants for the purpose of setting air

quality standards is contingent not only on the choice of the index used (i.e. W126) to summarize

O3 concentrations (Section 9.5), but also on quantifying the response of the plant variables of

interest at specific values of the selected index. The factors that determine the response of plants

to O3z exposure include species, genotype and other genetic characteristics, biochemical and

physiological status, previous and current exposure to other stressors, and characteristics of the

exposure itself. Establishing a secondary air quality standard requires the capability to generalize

those observations, in order to obtain predictions that are reliable enough under a broad variety

of conditions, taking into account these factors.

Quantitative characterization of exposure-response in the 2006 O3 AQCD was based on

experimental data generated for that purpose by the National Crop Loss Assessment Network
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(NCLAN) and EPA National Health and Environmental Effects Research Laboratory, Western
Ecology Division (NHEERL-WED) projects, using OTCs to expose crops and trees seedling to
Os. In recent years, yield and growth results for two of the species that had provided extensive
exposure-response information in those projects have become available from studies that used
FACE technology, which is intended to provide conditions much closer to natural environments
(Pregitzer et al., 2008; Morgan et al., 2006; Morgan et al., 2004; Dickson et al., 2000).

The quantitative exposure-response relationships described in the 2006 O3 AQCD have
not changed in the current draft ISA, with the exception of the addition of one new species. e
assessment of quantitative exposure-response relationships that was presented in that document.
The exposure-response models are summarized in the 3rd draft ISA summarizes computed using
the W126 metric, cumulated over 90 days. These response functions provide an adequate basis
for quantifying biomass loss damages.

Visible foliar injury resulting from exposure to O3 has also been well characterized and
documented over several decades of research on many tree, shrub, herbaceous, and crop species
(U.S. EPA, 2006, 19964a, 1984, 1978). Ozone-induced visible foliar injury symptoms on certain
bioindicator plant species are considered diagnostic as they have been verified experimentally in
exposure-response studies, using exposure methodologies such as continuous stirred tank
reactors (CSTRs), OTCs, and free-air fumigation. Experimental evidence has clearly established
a consistent association of visible injury with O3 exposure, with greater exposure often resulting
in greater and more prevalent injury. This general relationship provides an adequate basis for
qualitative assessment of the risk of visible foliar injury, but a detailed quantitative assessment is
not possible because there are no concentration-response functions for foliar injury that can be

applied across a range of ecosystems.

24 ECOSYSTEM SERVICES

The Risk and Exposure Assessment evaluates the benefits received from the resources and
processes that are supplied by ecosystems. Collectively, these benefits are known as ecosystem
services and include products or provisions, such as food and fiber; processes that regulate
ecosystems, such as carbon sequestration; cultural enrichment; and supportive processes for

services, such as nutrient cycling. Ecosystem services are distinct from other ecosystem products
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and functions because there is human demand for these services. In the Millennium Ecosystem
Assessment (MEA), ecosystem services are classified into four main categories:

e Provisioning. Includes products obtained from ecosystems, such as the production of
food and water.

e Regulating. Includes benefits obtained from the regulation of ecosystem processes, such
as the control of climate and disease.

e Cultural. Includes the nonmaterial benefits that people obtain from ecosystems through
spiritual enrichment, cognitive development, reflection, recreation, and aesthetic
experiences.

e Supporting. Includes those services necessary for the production of all other ecosystem

services, such as nutrient cycles and crop pollination (MEA, 2005).

The concept of ecosystem services can be used to help define adverse effects as they pertain
to NAAQS reviews. The most recent secondary NAAQS reviews have characterized known or
anticipated adverse effects to public welfare by assessing changes in ecosystem structure or
processes using a weight-of-evidence approach that uses both quantitative and qualitative data.
For example, the previous ozone review evaluated changes in foliar injury, growth loss, and
biomass reduction on trees beyond the seedling stage using the TREGRO model. The presence
or absence of foliar damage in counties meeting the current standard has been used as a way to
evaluate the adequacy of the secondary NAAQS. Characterizing a known or anticipated adverse
effect to public welfare is an important component of developing any secondary NAAQS.

According to the Clean Air Act (CAA), welfare effects include the following:

“Effects on soils, water, crops, vegetation, manmade materials,
animals, wildlife, weather, visibility, and climate, damage to and
deterioration of property, and hazards to transportation, as well as
effect on economic values and on personal comfort and well-being,
whether caused by transformation, conversion, or combination
with other air pollutants.” (Section 302(h))
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In other words, welfare effects are those effects that are important to individuals and/or
society in general. 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
“outputs of ecological functions or processes that directly or indirectly contribute to social
welfare or have the potential to do so in the future. Some outputs may be bought and sold, but
most are not marketed” (U.S. EPA, 2006). Conceptually, changes in ecosystem services may be
used to aid in characterizing a known or anticipated adverse effect to public welfare. In the
context of this review, ecosystem services may also aid in assessing the magnitude and
significance of a resource and in assessing how O3 concentrations may impact that resource.

Figure 2- 4 provides the World Resources Institute’s schematic demonstrating the
connections between the categories of ecosystem services and human well-being. The
interrelatedness of these categories means that any one ecosystem may provide multiple services.
Changes in these services can impact human well-being by affecting security, health, social

relationships, and access to basic material goods (MEA, 2005).

CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES Security
L PERSOMAL SAFETY
Provisioning SECURE RESOURCE ACCESS
FOOD SECURITY FROM DISASTERS

FRESH WATER
WOOD AND FIBER
FUEL ) .
Basic material

l for good life Freedom
. | ADEQUATE LIVELIHOCDS of choice
Supporting Regulating SUFFICIENT NUTRITIOUS FOOD and action
SHELTER
NUTRIENT CYCLING LTI e e OPPORTUNITY TO BE

FLOCD REGULATION
DISEASE REGULATION
WATER PURIFICATION

SOIL FORMATION
PRIMARY PRODUCTION

ABLE TO ACHIEVE
WHAT AN INDIVIDUAL

VALUES DOING
Health AND BEING
STRENGTH
FEELING WELL
Cultural ACCESS TO CLEAN AIR
AESTHETIC AND WATER
EDUCATIONAL
Good social relations

RECREATIONAL

SOCIAL COHESION
MUTUAL RESPECT
ABILITY TO HELP OTHERS
LIFE ON EARTH - BIODIVERSITY

|
|
|
|
|
SPIRITUAL |

Sourca: Millennium Ecosystem Assessment

Figure 2- 4  Linkages between categories of ecosystem services and components of
human well-being that are commonly indications of the extent to
which it is possible for socioeconomic factors to mediate the linkage.
The strength of the linkages, as indicated by arrow width, and the
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potential for mediation, as indicated by arrow color, differ in different
ecosystems and regions (MEA, 2005).

Historically, ecosystem services have been undervalued and overlooked; however, more
recently, the degradation and destruction of ecosystems has piqued interest in assessing the value
of these services. In addition, valuation may be an important step from a policy perspective
because it can be used to compare the costs and benefits of altering versus maintaining an
ecosystem (i.e., it may be easier to protect than repair ecosystem effects). In this Risk and
Exposure Assessment, valuation is used, where possible, based on available data in the national
scale analyses and case study areas.

The economic approach to the valuation of ecosystem services is laid out as follows in
EPA’s Ecological Benefits Assessment Strategic Plan: “Economists generally attempt to estimate
the value of ecological goods and services based on what people are willing to pay (WTP) to
increase ecological services or by what people are willing to accept (WTA) in compensation for
reductions in them” (U.S. EPA, 2006). There are three primary approaches for estimating the
value of ecosystem services: market-based approaches, revealed preference methods, and stated
preference methods (U.S. EPA, 2006). Because economic valuation of ecosystem services can be
difficult, nonmonetary valuation using biophysical measurements and concepts also can be used.
Examples of nonmonetary valuation methods include the use of relative-value indicators (e.g., a
flow chart indicating uses of a waterbody, such as boatable, fishable, swimmable); another
assigns values to ecosystem goods and services through the use of the common currency of
energy. Energetic valuation attempts to assess ecosystem contributions to the economy by using
one kind of energy (e.g., solar energy) to express the value of that type of energy required to
produce designated services (Odum, 1996). This energy value is then converted to monetary
units. This method of valuation, however, does not account for the premise that values arise from
individual or societal preferences.

Valuing ecological benefits, or the contributions to social welfare derived from
ecosystems, can be challenging, as noted in EPA’s Ecological Benefits Assessment Strategic
Plan (U.S. EPA, 2006). It is necessary to recognize that in the analysis of the environmental
responses associated with any particular policy or environmental management action, some of

the ecosystem services likely to be affected are readily identified, whereas others will remain
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unidentified. Of those ecosystem services that are identified, some changes can be quantified,
whereas others cannot. Within those services whose changes can be quantified, only a few will
likely be monetized, and many will remain unmonetized. Similar to health effects, only a portion

of the ecosystem services affected by a policy can be monetized. The stepwise concept leading
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up to the valuation of ecosystems services is graphically depicted in Figure 2- 5.

EPA Action

=1 =
S

Ecosystems

< < e

Ecological goods and services
affected by the policy

= Goods and
Planning and problem services not
formulation identified

Goods and services

identified

Identified goods
and services not

Ecological analysis cquantified
Goods and services
quantified

Guantified
gocd and

Economic analysis services not
mionetized

Goods and

services

monetized

Figure 2- 5

Representation of the benefits assessment process indicating where
some ecological benefits may remain unrecognized, unquantified, or
unmonetized. (Modified based on the Ecological Benefits Assessment
Strategic Plan report [U.S. EPA, 2006]).
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Under Section 108 of the CAA, the secondary standard is to specify an acceptable level
of the criteria pollutant(s) in the ambient air that is protective of public welfare. For this review,
the relevant air quality indicator is interpreted as ambient O3 concentrations that can be linked to
adverse ecological effects. The air quality analyses described in Chapter 4 explore the sources
and emissions, and their current contributions to ambient conditions. The national scale and case
study analyses (described in Chapters 5 and 6) link O3 effects in sensitive ecosystems (e.g., the
exposure pathway) to changes in a given ecological indicator (e.g., biomass loss to changes in
ecosystems and the services they provide (e.g., commercial timber production). To the extent
possible for effect, ambient concentrations of O3 (i.e., ambient air quality indicators) were linked
to effects in sensitive ecosystems (i.e., exposure pathways), and then Oz concentrations were
linked to system response as measured by a given ecological indicator (e.g., biomass loss). The
ecological effect (e.g., changes in tree growth) was then, where possible, associated with changes
in ecosystem services and their ecological benefits or welfare effects (e.g., timber production).

Knowledge about the relationships linking ambient concentrations and ecosystem
services can be used to inform a policy judgment on a known or anticipated adverse public
welfare effect. For example, changes in biodiversity would be classified as an ecological effect,
and the associated changes in ecosystem services—productivity, recreational viewing, and
aesthetics—would be classified as ecological benefits/welfare effects. This information can then
be used to characterize known or anticipated adverse effects to public welfare and inform a
policy based on welfare effects.

The ecosystems of interest in this Risk and Exposure Assessment are impacted by the
effects of anthropogenic air pollution, which may alter the services provided by the ecosystems
in question. For example, changes in forest health as a result of O3 exposure may affect
supporting services such as net primary productivity; provisioning services such as timber
production; and regulating services such as climate regulation. In addition, such changes may
provide provisioning services such as food; and cultural services such as recreation and
ecotourism.

Where possible, linkages to ecosystem services from indicators of each effect identified
in the ISA (U.S. EPA, 2012a) were developed. These linkages were based on existing literature
and models, focus on the services identified in the peer-reviewed literature, and are essential to

any attempt to evaluate air pollution-induced changes in the quantity and/or quality of ecosystem
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services provided. According to EPA’s Science Advisory Board Committee on Valuing the
Protection of Ecological Systems and Services, these linkages are critical elements for
determining the valuation of benefits of EPA-regulated air pollutants (SAB CVPESS, 2009).

We have identified the primary ecosystem service(s) potentially impacted by O3 for
major ecosystem types and components (i.e., terrestrial ecosystems, productivity) under
consideration in this risk and exposure assessment. The impacts associated with various
ecosystem services for each targeted effect are assessed in Chapter 6 at a national scale and in
case studies.

2.5 CONCLUSIONS

The conceptual basis for estimating exposures to Oz and resulting welfare effects is strong. The
ISA provides clear scientific evidence linking ambient concentrations of O3 to a number of
ecological effects, and science-based air quality models along with O3 monitoring data, show
that important ecosystems throughout the U.S. are exposed to Oz concentrations that may result
in adverse ecological impacts. There are field and laboratory studies that provide adequate
information to construct concentration-response functions that can be used to estimate risk given

estimates of tree or ecosystem level O3 exposure.

Presented below are key observations for this conceptual overview of the assessment of ambient

O3 exposure and welfare risk.

. O3 in ambient air is formed primarily by emissions of NO, and VOC and
photochemical reactions in the atmosphere. Both natural and anthropogenic sources
contribute to O3 formation. Solvents, on-road and off-road mobile sources and electric
power generation plants represent significant anthropogenic sources of precursors to O3
in ambient air. Vegetation, lightning, soils, and wildfires are significant natural sources
of O3 precursor emissions.

o The ISA has determined that the evidence supports a causal relationship between
exposure to O3 and visible foliar injury, reduced vegetation growth, reduced agricultural

yield, and alteration of below ground biogeochemical cycles, and a likely causal
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relationship exposure to Oz and reduced carbon sequestration, alteration of terrestrial
water cycling, and alteration of terrestrial community composition.
. The causal and likely causal ecological effects identified in the ISA have an effect

on regulating, supporting, cultural and provisioning ecosystem services.
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3 SCOPE

This chapter provides an overview of the scope and key design elements of this
guantitative exposure and welfare risk assessment. The design of this assessment began with a
review of the exposure and risk assessments completed during the last O3 NAAQS review (US
EPA, 2007a,b), with an emphasis on considering key limitations and sources of uncertainty
recognized in that analysis.

Asan initial step in the current O3 NAAQS review, in October 2009, EPA invited outside
experts, representing a broad range of expertise to participate in aworkshop with EPA staff to
help inform EPA’ s plan for the review. The participants discussed key policy-relevant issues
that would frame the review and the most relevant new science that would be available to inform
our understanding of these issues. One workshop session focused on planning for quantitative
risk and exposure assessments, taking into consideration what new research and/or improved
methodol ogies would be available to inform the design of quantitative exposure and welfare risk
assessment. Based in part on the workshop discussions, EPA developed a draft IRP (US EPA,
2009) outlining the schedule, process, and key policy-relevant questions that would frame this
review. On November 13, 2009, EPA held a consultation with CASAC on the draft IRP (74 FR
54562, October 22, 2009), which included opportunity for public comment. The final IRP
incorporated comments from CASAC (Samet, 2009) and the public on the draft plan as well as
input from senior Agency managers. Thefina IRP included initial plans for the quantitative risk
and exposure assessments for both human health and welfare (US EPA, 2011a, chapters 5 and 6).

Asanext step in the design of these quantitative assessments, OAQPS staff developed
more detailed planning documents, O3 National Ambient Air Quality Standards. Scope and
Methods Plan for Health Risk and Exposure Assessment (Health Scope and Methods Plan; US
EPA, 2011b) and O3 National Ambient Air Quality Standards. Scope and Methods Plan for
Welfare Risk and Exposure Assessment (Welfare Scope and Methods Plan, US EPA, 2011c¢).
These Scope and Methods Plans were the subject of a consultation with CASAC on May 19-20,
2011 (76 FR 23809, April 28, 2011). Based on consideration of CASAC (Samet, 2011) and
public comments on the Scope and Methods Plan and information in the second draft ISA, we
modified the scope and design of the quantitative risk assessment and provided a memo with
updates to information presented in the Scope and Methods Plans (Wegman, 2012). The Scope
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and Methods Plans together with the update memo provide the basis for the discussion of the
scope of this exposure and risk assessment provided in this chapter.

In presenting the scope and key design elements of the current risk assessment, this chapter first
provides a brief overview of the quantitative exposure and risk assessment completed for the
previous O3 NAAQS review in section 3.1, including key limitations and uncertainties associated
with that analysis. Section 3.2 provides a summary of the design of the exposure assessment.
Section 3.3 provides a summary of the design of the risk assessment based on application of
results of human clinical studies. Section 3.4 provides a summary of the design of the risk

assessment based on application of results of epidemiology studies.

3.1 OVERVIEW OF EXPOSURE AND RISK ASSESSMENTS FROM LAST REVIEW

The assessments conducted as part of the last review focused on national-level Os-related
impacts to sensitive vegetation and their associated ecosystems. The vegetation exposure
assessment was performed using an interpolation approach that included information from
ambient monitoring networks and results from air quality modeling. The vegetation risk
assessment included both tree and crop anayses. The tree risk analysis included three distinct
lines of evidence: (1) observations of visible foliar injury in the field linked to monitored Oz air
quality for the years 2001 — 2004; (2) estimates of seedling growth loss under then current and
aternative O3 exposure conditions; and (3) simulated mature tree growth reductions using the
TREGRO model to simulate the effect of meeting aternative air quality standards on the
predicted annual growth of mature trees from three different species. The crop risk analysis
included estimates of crop yields under current and alternative Os; exposure conditions. The
associated changes in economic value upon meeting the levels of various alternative standards
were analyzed using an agricultural sector economic model. Key elements and observations

from these exposure and risk assessments are outlined in the following sections.

3.1.1 Exposure Characterization

In many rural and remote areas where sensitive species of vegetation can occur,
monitoring coverage remained limited. Thus, the 2007 Staff Paper concluded that it was
necessary to use an interpolation method in order to better characterize O air quality over broad

geographic areas and at the national scale. Based on the significant difference in monitor
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network density between the eastern and western U.S,, the Staff Paper further concluded that it
was appropriate to use separate interpolation techniques in these two regions. The Air Quality
System (AQS; http://www.epa.gov/ttn/airs/airsags) and Clean Air Status and Trends Network
(CASTNET; http://www.epa.gov/castnet/) monitoring data were solely used for the eastern
interpolation, and in the western U.S., where rural monitoring is more sparse, O3 outputs from
the EPA/NOAA Community Multi-scale Air Quality (CMAQ) model system
(http://www.epa.gov/asmdnerl/CMAQ, Byun and Ching, 1999; Byun and Schere, 2006) were
used to develop scaling factors to augment the monitor interpolation. In order to characterize
uncertainty associated with the exposure estimates generated using the interpolation method,
monitored Oz concentrations were systematically compared to interpolated O3 concentrations in
areas where monitors were located. In general, the interpolation method performed well in many
areasinthe U.S. This approach was used to develop a nationa vegetation O3 exposure surface.

To evaluate changing vegetation exposures under selected air quality scenarios, a number
of analyses were conducted. One anaysis adjusted 2001 base year O3 air quality distributions
using arollback method (Rizzo, 2005, 2006) to reflect meeting the current and alternative
secondary standard options. For “just meet” and alternative 8-hr average standard scenarios, the
associated maps of estimated 12-hr, W126 exposures were generated. Based on these
comparisons, the following observations were drawn: (1) current Oz air quality levels could
result in significant cumulative, seasonal O3 exposures to vegetation in some areas; (2) overall 3-
month 12-hr W126 O3 levels were somewhat but not substantially improved under the “just
meet” current (0.08 ppm) scenario; (3) exposures generated for just meeting a 0.070 ppm, 4th-
highest maximum 8-hr average alternative standard (the lower end of the then proposed range for
the primary O3 standard) showed substantially improved 3-month cumulative, seasonal Os air
quality when compared to just meeting the current 0.08 ppm, 8-hr average standard.

A second analysis described in the Staff Paper was performed to evaluate the extent to
which county-level Os air quality measured in terms of various levels of the current 8-hr average
form overlapped with that measured in terms of various levels of the 12-hr W126 cumulative,
seasonal form. While these results also suggested that meeting a proposed 0.070 ppm, 8-hr
secondary standard would provide substantially improved vegetation protection in some areas,
the Staff Paper recognized that this analysis had several important limitations. In particular, the

lack of monitoring in rural areas where sensitive vegetation and ecosystems are located,
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especialy at higher elevation sites, could have resulted in an inaccurate characterization of the
degree of potential overlap at sites that have air quality patterns that can result in relatively low
8-hr averages while still experiencing relatively high cumulative exposures (72 FR 37892).
Thus, the Staff Paper concluded that it is reasonabl e to anticipate that additional unmonitored
rural high elevation areas with sensitive vegetation may not be adequately protected even with a
lower level of the 8-hr form. The Staff Paper further indicated that it remained uncertain as to
the extent to which air quality improvements designed to reduce 8-hr Oz average concentrations
would reduce O3 exposures measured by a seasonal, cumulative W126 index. The Staff Paper
indicated this to be an important consideration because: (1) the biological database stresses the
importance of cumulative, seasonal exposures in determining plant response; (2) plants have not
been specifically tested for the importance of daily maximum 8-hr O3 concentrations in relation
to plant response; and (3) the effects of attainment of a 8-hr standard in upwind urban areas on
rural air quality distributions cannot be characterized with confidence due to the lack of
monitoring datain rural and remote areas.

The Staff Paper aso presented estimates of economic valuation for crops associated with
the then current and aternative standards. The Agriculture Simulation Model (AGSIM) (Taylor,
1994; Taylor, 1993) was used to calculate annual average changes in total undiscounted
economic surplus for commodity crops and fruits and vegetabl es when then current and
aternative standard levels were met. Meeting the various aternative standards did show some
significant benefits beyond the 0.08 ppm, 8-hr standard. However, the Staff Paper recognized
that the modeled economic impacts from AGSIM had many associated uncertainties, which
limited the usefulness of these estimates.

3.1.2 Assessment of Risksto Vegetation

Therisk assessments in the last review reflected the availability of several additional
lines of evidence that provided abasis for a more complete and coherent picture of the scope of
Os-related vegetation risks, especially those faced by seedling, sapling and mature tree species
growing in field settings, and indirectly, forested ecosystems. Specifically, new research
available at the time reflected an increased emphasis on field-based exposure methods (e.g., free
air exposure and ambient gradient), improved field survey biomonitoring techniques, and
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mechanistic tree process models. Highlights from the anal yses that addressed visible foliar
injury, seedling and mature tree biomass |oss, and effects on crops are summarized below.

With regard to visible foliar injury, the Staff Paper presented an assessment that
combined recent U.S. Forest Service Forest Inventory and Analysis (FIA) biomonitoring site
data with the county level air quality datafor those counties containing the FIA biomonitoring
sites. This assessment showed that incidence of visible foliar injury ranged from 21 to 39
percent of the counties during the four-year period (2001-2004) across all counties with air
quality levels at or below that of the then current 0.08 ppm 8-hr average standard. Of the
counties that met an 8-hr average level of 0.07 ppm in those years, 11 to 30 percent of the
counties still had incidence of visible foliar injury.

With respect to tree seedling biomass |oss, concentration-response (C-R) functions
developed from Open Top Chamber (OTC) studies for biomass loss for available seedling tree
species and information on tree growing regions derived from the U.S. Department of
Agriculture's Atlas of United States Trees were combined with projections of air quality based
on 2001 interpolated exposures, to produce estimated biomass loss for each individual seedling
tree species. These analyses predicted that biomass loss could still occur in many tree species
when Os air quality was adjusted to meet the then current 8-hr average standard. Though this
type of analysis was not new to this review, the context for understanding these results had
changed due to recent field work at the AspenFACE site in Wisconsin on quaking aspen
(Karnosky et al., 2005) and a gradient study performed in the New Y ork City area (Gregg et .,
2003), which confirmed the detrimental effects of O3 exposure on tree growth in field studies
without chambers and beyond the seedling stage (King et al., 2005).

With respect to risk of mature tree growth reductions, a tree growth model (TREGRO)
was used to evaluate the effect of changing Oz air quality scenarios from just meeting alternative
05 standards on the growth of mature trees.! The model was run for a single western species
(ponderosa pine) and two eastern species (red maple and tulip poplar). Staff Paper analyses
found that just meeting the then current standard would likely continue to allow Os-related

! TREGRO is a process-based, individual tree growth simulation model (Weinstein et al, 1991) that is linked with
concurrent climate data to account for O3 and climate/meteorology interactions on tree growth. TREGRO has been
used to evaluate the effects of a variety of O3 scenarios on several species of treesin different regions of the U.S.
(Tingey et a., 2001; Weinstein et al., 1991; Retzlaff et al., 2000; Laurence et al., 1993; Laurence et al., 2001,
Weingtein et a., 2005).
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reductions in annual net biomass gain in these species. Though there was uncertainty associated
with the above analyses, it was important to note that recent evidence from experimental studies
that go beyond the seedling growth stage continued to show decreased growth under elevated O3
(King et a., 2005); some mature trees such as red oak have shown an even greater sensitivity of
photosynthesis to O3 than seedlings of the same species (Hanson et al., 1994); and the potential
for cumulative “carry over” effects as well as compounding should be considered (Andersen, et
al, 1997).

With respect to risks of yield loss in agricultural crops and fruit and vegetable species,
little new information was available beyond that of the previous review. However, limited
information from afree air field based soybean study (SoyFACE) and information on then
current cultivar sensitivities led to the conclusion that C-R functions developed in OTCs under
the National Crop Loss Assessment Network (NCLAN) program could still be usefully applied.
The crop risk assessment, like the tree seedling assessment, combined NCLAN C-R information
on commodity crops, fruits and vegetables, crop growing regions, and interpolated exposures
during each crop growing season. The risk assessment estimated that just meeting the 0.08 ppm,
8-hr standard would still allow Os—elated yield loss to occur in some sensitive commodity crops

and fruit and vegetabl e species growing at that timein the U.S.

3.2 OVERVIEW OF CURRENT ASSESSMENT PLAN

Since the 2008 review, new scientific information on the direct and indirect effects of O3
on vegetation and ecosystems, respectively, has become available. With respect to mature trees
and forests, the information regarding Oz impacts to forest ecosystems has continued to expand,
including limited new evidence that implicates Os as an indirect contributor to decreasesin
stream flow through direct impacts on whole tree level water use. Newly published results from
the Long-term FACE (Free Air CO, enrichment) studies provide additional evidence regarding
chronic O3z exposures in closed forest canopy scenarios including interspecies interactions such
as decreased growth of branches and root mass in sensitive species. Also, lichen and moss
communities on trees monitored in FACE sites have been shown to undergo species shifts when
exposed to Os. In addition, recent available data from annual field surveys conducted by the
USFS to assess foliar damage to selected tree speciesis available. In light of this new scientific
information, we are including additional analyses, such as combining the USFS data with recent
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air quality data to determine the incidence of visible O3 damage occurring acrossthe U.S. at air
quality levels that meet or are below the current standard. Some of these analyses are not
included in thisfirst draft REA, but will be included in the second draft REA. To the extent
warranted, based on new information regarding O3 effects on forest trees, both qualitative and
guantitative assessments are included in an effort to place both the estimates of risk from more
recent long-term studies and historic shorter-term studies in the context of ecosystem services.

Additional information relevant to vegetation risk assessments available includes that
regarding the interactions between elevated O3 and CO, with respect to plant growth and how
these interactions might be expected to be modified under different climatic conditions, and
potential reactions of O3 with chemicals released by plants to attract pollinators that could
decrease the distance the floral “scent trail” travels and potentially change the distance
pollinators have to travel to find flowers. The REA also provides an assessment of impacts
occurring in designated habitat for threatened or endangered species.

To the extent warranted, qualitative and/or quantitative assessments of ecosystem
services impacted by O3 are considered to inform the current review. For example, the
ecosystem services evauation in this review includes tree biomass and crop analyses, and where
possible includes impacts on ecosystem services such as impacts on biodiversity, biological
community composition, health of forest ecosystems, aesthetic values of trees and plants and the
nutritive quality of forage crops. Carbon sequestration is another important ecosystem service
(regulating) that may be affected by Oz damage to vegetation. New preliminary evidence of Oz
effects on the ability of pollinatorsto find their target is also of special interest with respect to the
possible implication for ecosystem services. Impairment of the ability of pollinators to locate
flowers could have broad implications for agriculture, horticulture and forestry.

We are using the Forest and Agricultural Sector Optimization Model Greenhouse Gas
version (FASOM) to assess the economic impacts of Oz damage to forests, taking into account
the tradeoffs between land use for forestry and agricultural. FASOM is adynamic, non-linear
programming model designed for use by the EPA to evaluate welfare benefits and market effects
of carbon sequestration in trees, understory, forest floor, wood products and landfills that would
occur under different agricultural and forestry scenarios. We use FASOM to model damage by
O3 to the agriculture and forestry sectors and quantify how Os-exposed vegetation affects the
ecosystem service of carbon sequestration. See Appendix X for details of the model and
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methodology. [ An appendix covering details of the model and methodol ogy will be provided in

supplemental materials.]

3.2.1 Air Quality Considerations

Air quality analyses are necessary to inform and support welfare-related assessments. The
air quality analyses for this review build upon those of the ISA and include consideration of: (1)
summaries of recent ambient air quality data, (2) estimation approaches to extrapolate air quality
values for rural areas without monitors aswell as federally designated Class | natural areas
important to welfare effects assessment, (3) air quality simulation procedures that modify recent
air quality datato reflect changesin the distribution of air quality estimated to occur after just
meeting current or aternative Oz standards. . In addition to updating air quality summaries
since the last review, these air quality analyses include summaries of the most currently available
ambient measurements for the current and potential aternate secondary standard forms, and
comparisons among them . These air quality analyses use monitor data from the AQS database
(which includes National Park Service monitors) and the CASTNET network. Inthelast review,
the vegetation exposure analysis used a spatial interpolation technique to create an interpol ated
air quality surface to fill in the gaps in ambient monitoring data, especially those left by a sparse
rural monitoring network in the western United States. In thisreview, additional approaches that
potentially could be used to fill in the gaps in the rural monitoring network, as well as
opportunities for enhancing the fusion of monitoring and modeled O3 data, are explored.

As part of the air quality analyses supporting the assessments, it is necessary to adjust recent
Oz air quality datato simulate just meeting the current standard and any alternative O3 standards.
In thisfirst draft REA, consistent with the previous review, we are using a quadratic air quality
rollback approach (U.S. EPA, 2007b), but we are evaluating alternative air quality simulation
procedures for use in simulating just meeting the current and aternative standards for the second
draft REA.

3.2.2 National O3 Exposure Surface

Since thelast review, little has changed in terms of the extent of monitoring coveragein
non-urban areas. We consider both past and alternative approaches for generating estimates of

national O3 exposures in an effort to continue enhancing our ability to characterize exposures in
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these non-monitored areas. The vegetation exposure assessments conducted include assessments
of recent air quality, air quality associated with just meeting the current standard and, for the
second draft REA, any alternative standards that might be considered.

In addition, given the importance of providing protection for sensitive vegetation in areas
afforded special protections, such asin federally designated Class | natural areas, we may aso
consider aternative sources of O3 exposure information for those types of sites. For example,
portable Oz monitors are being deployed in some national parks and a current exploratory study
is underway to measure O3 concentration variations with gradientsin elevation.? Information
from these monitors could potentially inform our understanding of uncertainties associated with
assessing Oz distribution patterns in complex terrain and high elevations. New exposure data
that would inform this assessment will be considered where appropriate.

To generate anational Oz exposure surface, staff is considering several interpolation
methods. We have used a previously modeled O3 surface generated by the CMAQ model based
on 2005 emissions at a 12 km grid resolution in conjunction with monitor data (2004-2006) to
create afused surface with the Modeled Attainment Test Software (MATS).? We have also used
the Voronoi Neighbor Averaging (VNA) interpolation method in the BenMAP model (Abt
Associates, Inc., 2010) to create a national O3 surface from more recent monitor data (e.g., 2008-
2010).* Staff will also evaluate dternate interpolation methods and sources of air quality datato
assess which option is most appropriate given the analysis requirements, desire for consistency
with the health risk assessment, and available resources.

In order to generate the national O3 surface in terms of a particular index, the monitored
dataand CMAQ model outputs that form the basis for the interpolation need to be characterized
in terms of that index. At aminimum, staff plans to generate the national surface in terms of the
current secondary standard. Staff recognizes that additional indices may be selected for further
evaluation upon review of the information contained in the ISA and may perform additional air
quality analyses based on those indices. Any expanded evaluation of additional indices would be
contained and discussed in the Policy Assessment.

2 For more information on portable ozone monitorsin National Parks, please see
http://www.nature.nps.gov/air/studies/portO;.cfm

% More information on CMAQ is available at http://www.epa.gov/amad/CMAQ/index.html. More information on
MATS isavailable at http://www.epa.gov/scram001/modelingapps_mats.htm.

* More information on the VNA method in BenMAP is available at

http://www.epa.gov/air/benmap/model YBenM APM anual A ugust2010. pdf
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In conjunction with the health risk assessors, staff is currently considering various
approaches to simulate just meeting the current and alternative standards, including the quadratic
air quality “rollback” adjustment that was used in the last review (Johnson, 1997) and variations
of the proportional adjustment method. However for thisfirst draft we have used the eVNA
approach for the rollback adjustment. In addition, we are currently investigating methods for
generating adjusted air quality in non-monitored areas.

The national O3 surface, depicted as a GIS layer, provides the exposures needed as input to
the crop and tree seedling risk and ecosystem service assessments described in subsequent

sections.

3.3 ECOLOGICAL EFFECTSOF EXPOSURE
3.3.1 National Scale Assessment

3311 Tree Seedling Concentr ation-Response Functions

We are analyzing the 11 OTC tree seedling C-R functions identified and assessed in the
2007 O3 Staff Paper in terms of the current exposure metrics. Thisanalysis enabled direct
evaluation of estimated seedling biomass |oss val ues expected to occur under air quality
exposure scenarios expressed in terms of recent air quality and after simulation of just meeting
current the standard.

3.3.1.2 Estimation of Biomass Lossfor Tree Seedlings

In the 2007 O3 Staff Paper, information on tree species growing regions was derived from
the USDA Atlas of United States Trees (Little, 1971). We are using more recent information
from the USDA Forest Service FIA database in order to update growing ranges for the 11 tree
species studied by NHEERL-WED. The national O surface is combined with the C-R function
for each of the tree seedling species and information on each tree species growing region to
produce estimates of biomass loss for each of the 11 tree seedling species. We are also including
an additional analysis incorporating the Importance Values derived using FIA data. From this
information, GIS maps are generated depicting biomass loss for each species for each air quality

scenario.
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3.3.2 CaseStudy Areas

In order to assess the ecological effects of O3 staff will analyze ecosystem level effectsin
several case study areas. These areas have been selected to alow a more refined assessment of
the extent of foliar injury, biomass loss and welfare related services. Criteriathat were used to

select case study areas include:

e Occur in areas expected to have elevated levels of Oz where ecological effects might be
expected to occur.
e Availability of vegetation mapping including estimates of species cover.
e Geographic coverage representing a cross section of the nation, including urban and
natural settings.
e Occurrence of O3 sensitive species and/or species for which Oz concentration-response
curves have been generated.
3.3.2.1 Estimation of Vegetation Effectsin National Parks
The National Parks provide severa potential case study areas. The United States
Geologica Survey (USGS) in conjunction with the National Park Service (NPS) is actively
creating maps of the vegetation communities within the National Parks
(http://biology.usgs.gov/npsveg/index.html). This provides a consistent vegetation map to
compare across park units, which includes species coverage data. The NPS has also generated a
comprehensive list of plant species that are known to exhibit foliar injury at ambient O3 levels
(Porter, 2003).
We have selected Great Smoky Mountains National Park, Rocky Mountain National
Park, and Sequoia/Kings National Park. All three of these park units occur in areas with elevated
ambient O3 levels, have vegetation maps, and have species that are considered O3 sensitive. We
considered including Acadia National Park however it was determined not to fit our selection
criteriafor Oz exposure.
The NPS vegetation maps are compared, using GI S, to the national O3 surface to provide
an overall estimate of foliar damage and total biomassloss. Potential ecological metrics that are

being calculated include:

e Percent of vegetation cover affected by foliar injury.
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e Percent of trails affected by foliar injury.

e Estimate of species specific biomass |oss within the case study area.
3.3.2.2 Estimation of Effectsin Urban Areas

Several urban areas nationaly have extensive habitat management plans that include
resource and vegetation mapping. These data are not as consistent or as readily available asthe
NPS units but in some cases can provide adequate vegetation maps in regions where O3 sensitive
species occur. We are using the iTree model developed by the U.S. Forest Service to estimate
impacts on vegetation in Atlanta, Baltimore, Syracuse, the Chicago region, and the urban areas
of Tennessee. We are presenting preliminary results for model runs representing current ambient
conditions and runs simulating just meeting the current standard in this draft of the REA. Model
runs simulating any alternative standards that may be considered will be presented in the second
draft REA. [ Thefirst draft results and an appendix with details regarding the model and
methodology will be included in supplemental materials,]

34 ECOSYSTEM SERVICESEVALUATION

One of the objectives of the risk assessment for a secondary NAAQS is to quantify the
risks to public welfare. The Risk and Exposure Assessment for Review of the Secondary
National Ambient Air Quality Standards for Oxides of Nitrogen and Oxides of Sulfur (U.S. EPA,
2009) has detailed discussions of how ecosystem services and public welfare are related and how
a services framework may be employed to evaluate effects on welfare. We have identified the
ecosystem services associated with the ecological effects described in Chapter 5 of this
document for the national scale assessment and the more refined case study areas. These
services may be characterized as: supporting services that are necessary for all other services
(e.g., primary production); cultural servicesincluding existence and bequest values, aesthetic
values, and recreation values, among others; provisioning services (e.g., food and timber); and
regulating services such as climate regulation or flood control. Specific servicesto be evaluated

are discussed in the following sections.
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3.4.1 National Scale Assessment

Depending on data and resource availability, we are attempting to develop an estimate of
ecosystem service impacts broadly across the United States for selected cultural, regulating, and
provisioning services.
3.4.1.1 Cultural Services

We are using GIS mapping devel oped for the ecological effects analysisto illustrate
where effects may be occurring and rel ate those areas to national scale statistics for recreationa
use available through the Nationa Survey of Fishing, Hunting, and Wildlife-Associated
Recreation (U.S. DOI, 2007) and the National Survey on Recreation and the Environment
(USDA,2012) . The resulting estimates of service provision are then scaled to the current
population and values assigned using existing meta-data on willingness to pay from the
Recreation Vaues Database available at:  http://recvaluation.forestry.oregonstate.edu/

We are aware that these estimates are limited to current levels of service provision and
provide a snapshot of the overall magnitude of services potentially affected by Oz exposure. At
this time estimates of service loss due to O3 exposure is beyond the available data and resources;
however, estimates of the current level of services would have embedded within them the current
losses in service due to O303 exposure.
3.4.1.2 Regulating Services

The regulating services associated with Oz exposure include fire regimes and fire
recovery due to O3 effects on community composition and diversity, and fuel loading due to
early senescence and insect attack. Thereis data available through the CAL-FIRE on fire
incidence, risk, and expenditures related to firesin California.

We are considering using the PNET model to estimate impacts on the hydrologic cycle for
the second draft of this document. We considered the DLEM model however the resources
required proved prohibitive.
3.4.1.3 Provisioning Services

Below we outline potential methods for ng the provisioning services associated with
crop yield loss and tree biomass | oss, which are consistent with the methods from the previous
review.

Estimation of Yield Loss and Economic Valuation for Timber and Crops - The FASOM model

has been utilized recently in many evaluations of effects on the timber and agriculture market
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sectors. We are using FASOM to assess the economic impacts of Oz damage to forests and
agricultural cropsjointly. FASOM isadynamic, non-linear programming model designed for
use by the EPA to evaluate welfare benefits and market effects of O3 induced biomasslossin
trees that would occur under different agricultural and forestry scenarios. It is possible to use
FASOM to model damage by O3 to the agriculture and forestry sectors and quantify how Os-
exposed vegetation affects the provision of timber and crops. [ An appendix with details of the
model and methodology will be provided in supplemental materials.]

FASOM has been used to calculate the economic impacts of yield changes between the
current ambient conditions and simulated *just meet’ scenarios for abase year. This approach
will aso be used to cal culate the economic valuation of any aternative standards under
consideration in the second draft.
3.4.1.4 Supporting Services

The supporting services associated with the vegetation effects of O3 exposure include
potential impacts on net primary productivity, and community composition. We considered
using the DLEM modé to estimate impacts on net primary productivity however this proved
prohibitive in terms of resource availability. For the second draft we are exploring the possibility

of using the PnET model to estimate these service impacts.

3.4.2 CaseStudy Analysis

3.4.2.1 National Park Areas

We are using GIS mapping produced for the ecological effects analysisto illustrate where
effects may be occurring as a starting point to illustrate and, if possible, quantify the ecosystem
services at potential risk. These are primarily, in national parks, cultural values that include
existence, bequest and recreational values. We also overlay the ecological effects maps with data
on where hiking trails, campgrounds, or other park amenities are found to intersect potentially
affected areas. We then relate those areas to case study specific statistics for recreational use
available through the Nationa Park Service. In addition, we have described the other nonuse
values associated with national parks including existence and bequest values. For the resulting
estimates of service provision values are then assigned using existing meta-data on willingness to

pay from Kaval and Loomis (2003). We are aware that these estimates will be limited to current
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levels of service provision. At thistime estimates of service loss due to Oz exposure may be
beyond the available data and/or resources for many if not al ecosystem services listed above.
3.4.2.2 Urban Areas

We are using the i-Tree model to assess effects on ecosystem services provided by urban
forests, pollution removal, and carbon storage and sequestration. The i-TREE model is a publicly
available peer-reviewed software suite devel oped by the U.S. Forest Service and its partnersto
assess the ecosystem service impacts of urban forestry (available here:
http://www.itreetools.org/). We are collaborating with the U.S. Forest Serviceto vary the tree
growth metric in the model, which alows us to assess the effects of O3 exposure on the ability of
the forests in the selected case study areato provide the services enumerated by the model. See
Appendix 6A for adescription of the model and methodology. [Preliminary resultswill be
provided in supplemental materials.]

3.5 UNCERTAINTY AND VARIABILITY

An important issue associated with any ecological risk assessment is the characterization
of uncertainty and variability. Variability refersto the heterogeneity in avariable of interest that
isinherent and cannot be reduced through further research. For example, there may be
variability among C-R functions describing the relation between O3 and vegetation injury across
selected study areas. This variability may be due to differences in ecosystems (e.g., diversity,
habitat heterogeneity, and rainfall), levels and distributions of O3 and/or co-pollutants, and/or
other factorsthat vary either within or across ecosystems.

Uncertainty refers to the lack of knowledge regarding both the actual values of model input
variables (parameter uncertainty) and the physical systems or relationships (model uncertainty —
e.g., the shapes of concentration-response functions). In any risk assessment, uncertainty is,
ideally, reduced to the maximum extent possible, through improved measurement of key
parameters and ongoing model refinement. However, significant uncertainty often remains and
emphasis is then placed on characterizing the nature of that uncertainty and its impact on risk
estimates. The characterization of uncertainty can include both qualitative and quantitative
analyses, the latter requiring more detailed information and often, the application of sophisticated
analytical techniques.
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While the goal in designing a quantitative risk assessment is to reduce uncertainty to the
extent possible, with variability the goal isto incorporate the sources of variability into the
analysis approach to insure that the risk estimates are representative of the actual response of an
ecosystem (including the distribution of that adverse response across the ecosystem). An
additional aspect of variability that is pertinent to this risk assessment is the degree to which the
set of selected case study areas provide coverage for the range of Os-related ecological risk
across the U.S.

For thisfirst draft we have not included detailed analyses of uncertainty or variability. For
the second draft of this document we plan to more fully differentiate variability and uncertainty
in the design of the risk assessment to more clearly address (a) the extent to which the risk
estimates represent the distribution of ecological impacts across ecosystems, including impacts
on more sensitive species, and (b) the extent to which risk estimates are impacted by key sources
of uncertainty which could prevent a clear differentiation between regulatory alternatives based
on risk estimates.
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4 AIR QUALITY CONSIDERATIONS

41 INTRODUCTION

Air quality information is used in the welfare risk and exposure analyses, described in
Chapters 5 and 6, to assess risk and exposure resulting from recent O3 concentrations, as well as
to estimate the relative change in risk and exposure resulting from adjusted O3 concentrations
after simulating just meeting the current O3 standard of 0.075 ppm. To complete these analyses,
ambient monitoring data is provided for all AQS monitors in the U.S. for several relevant metrics
for 2006-2010. In addition, a national-scale spatial surface is generated that estimates W126
concentrations throughout the U.S. for 2006-2008 and for simulating just meeting the current O
standard of 0.075 ppm. This chapter describes the air quality information used in these analyses,
providing an overview of monitoring data and air quality (section 4.2) as well as an overview of
air quality inputs to the welfare risk and exposure assessments (section 4.3).

4.2 OVERVIEW OF O; MONITORING AND AIR QUALITY

To monitor compliance with the NAAQS, state and local monitoring agencies operate Os
monitoring sites at various locations, depending on the size of the area and typical peak O
concentrations (US EPA, 2012, sections 3.5.6.1, 3.7.4). In 2010, there were 1,250 State and
Local O3 monitors reporting concentrations to EPA (US EPA, 2012, Figures 3-21 and 3-22).
The minimum number of O3 monitors required in a Metropolitan Statistical Area (MSA) ranges
from zero, for areas with a population under 350,000 and with no recent history of an O3 design
value greater than 85% of the NAAQS, to four, for areas with a population greater than 10
million and an Os design value greater than 85% of the NAAQS.! For areas with required O3
monitors, at least one site must be designed to record the maximum concentration for that
particular metropolitan area. Since Oz concentrations decrease significantly in the colder parts of
the year in many areas, O3 is required to be monitored only during the “O3 season,” which varies
by state (US EPA, 2012, section 3.5.6 and Figure 3-20).% Figure 4-1 shows the location and 8-h
O3 design values (4™ highest 8-h daily max O3 concentration occurring within a three-year
period) for all available monitors in the US for the 2008-2010 period.

The current monitor and probe siting requirements have an urban focus and do not address siting in non-urban, rural
areas. States may operate O; monitors in non-urban or rural areas to meet other objectives (e.g., support for research
studies of atmospheric chemistry or ecosystem impacts).

Some States and Territories operate O; monitors year-round, including Arizona, California, Hawaii, Louisiana,
Nevada, New Mexico, Puerto Rico, Texas, American Samoa, Guam and the Virgin Islands.
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Figure 4-1  Individual monitor 8-h daily max O3 design values displayed for the 2008-
2010 period (U.S. EPA, 2012, Figure 3-52A)

In 2010, there were approximately 112 monitoring sites being operated in rural areas.
These sites included 15 National Core (NCore) monitors, 80 Clean Air Status and Trends
Network (CASTNET) monitors, and 17 Portable O3 Monitoring Systems (POMS) network
monitors operated by the National Park Service (NPS). The location of these monitors is shown
in Figure 4-2.
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Figure 4-2  U.S. Rural NCore, CASTNET and NPS POMS O3 sites in 2010 (U.S. EPA,
2012, Figure 3-22)

4.3 OVERVIEW OF AIR QUALITY INPUTS TO RISK AND EXPOSURE
ASSESSMENTS

The air quality information input into the welfare risk and exposure assessments includes
recent air quality measurement data from the years 2006-2010, as well as a national-scale
“fused” spatial surface of air quality data for recent air quality, 2006-2008, and adjusted to
reflect just meeting the current O3 standard of 0.075 ppm. In this section, we summarize these air
quality inputs and discuss the methodology used to simulate air quality to meet the current
standard. More details on these data and methodologies can be found in Wells et al. (2012).

4.3.1 Recent Air Quality

The air quality monitoring data used to inform the first draft O3 Risk and Exposure
Assessments were hourly O3 concentrations collected between 1/1/2006 and 12/31/2010 from all
US monitors meeting EPA’s siting, method, and quality assurance criteria in 40 CFR Part 58.
These data were extracted from EPA’s Air Quality System (AQS) database® on June 27, 2011.

3 EPA’s Air Quality System (AQS) database is a state-of-the-art repository for many types of air quality and related
monitoring data. AQS contains monitoring data for the six criteria pollutants dating back to the 1970’s, as well as more recent

4-3



© 00 o O A W DN P

e e ol =
~N o 0o WM RO

18

19
20
21
22
23
24
25
26
27
28
29
30
31

Regionally concurred exceptional event data (i.e. data certified by the monitoring agency to have
been affected by natural phenomena such as wildfires or stratospheric intrusions, and concurred
upon by the EPA regional office) were not included in the assessments. However, concurred
exception events were rare, accounting for less than 0.01% of the total observations. All
concurred exceptional events in 2006-2010 were related to wildfires in California in 2008. There
were no concurrences of exceptional event data for stratospheric intrusions in 2006-2010.

4.3.1.1 Ambient Measurements and Air Quality Metrics
EPA focused the analysis in the welfare exposure and risk assessment on the W126 O3
exposure metric. The W126 metric is a seasonal aggregate of hourly O3 concentrations, designed
to measure the cumulative effects of O3 exposure on vulnerable plant and tree species. The
metric uses a logistic weighting function to place less emphasis on exposure to low
concentrations and more emphasis on exposure to high concentrations (Lefohn et al, 1988).

The first step in calculating W126 values was to sum the hourly O3 concentrations within
each month, resulting in monthly index values. Since most plant and tree species are not
photochemically active during nighttime hours, only O3 concentrations observed during daytime
hours (defined as 8:00 AM to 8:00 PM local time) were included in the summations. The
monthly W126 index values were calculated as follows:

N 19 C
Monthly W126 = v
y ;hz;u 4403*exp(-126*C,,)

where N is the number of days in the month,

d is the day of the month (d =1, 2, ..., N),

h is the hour of the day (h =0, 1, ..., 23),

Can is the O3 concentration observed on day d, hour h, in parts per million.

Next, the monthly W126 index values were adjusted for missing data. If Ny, is defined as
the number of daytime O3 concentrations observed during month m (i.e. the number of terms in
the monthly index summation), then the monthly data completeness rate is Vi, = N / 12 * N.
The monthly index values were adjusted by dividing them by their respective V.. Monthly index
values were not computed if the monthly data completeness rate was less than 75% (Vi < 0.75).

Finally, annual W126 index values were computed as the maximum sum of their
respective adjusted monthly index values occurring in three consecutive months (January —
March, February — April, etc.). Three-month periods spanning two years (November — January,
December — February) were not considered because the seasonal nature of O dictates that it is

additions such as air toxics, meteorology, and quality assurance data. At present, AQS receives O3 monitoring data collected
hourly from over 1,300 monitors, and quality assured by one of over 100 state, local, or tribal air quality monitoring agencies.
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very unlikely for the maximum values to occur at that time of year. The W126 metric was
analyzed for each individual year of 2006 to 2008 and for the three year period of 2006-2008.

For the specific application of the Kohut analysis, N100 and SUMO06 metric were also
computed. The procedures used to calculate N100 and SUMO6 values are similar to the
calculation of the W126 metric that is described above. Hourly O3 concentrations are summed
within each month, resulting in monthly index values, and only Oz concentrations observed
during daytime hours (defined as 8:00 AM to 8:00 PM local time) were included in the
summations. The monthly N100 and SUMOG6 values were calculated as follows:

N B (0, if C,, <0.100 ppm
d 11

Monthly N100 = )
if C4, > 0.100 ppm

=1 h=8

N 19
Monthly SUM 06 = > > max(0, (C,, —0.060))

d=1 h=8

The monthly N100 and SUMO6 values were adjusted for missing data as described above for the
W126 metric. Annual N100 and SUMO6 values were computed as the maximum sum of their
respective adjusted monthly index values occurring in three consecutive months (January —
March, February — April, etc.). Three-month periods spanning two years (November — January,
December — February) were not considered because the seasonal nature of O dictates that it is
very unlikely for the maximum values to occur at that time of year.

The N100 and SUMO06 metrics were calculated for each individual year for all 5 years
(2006 to 2010) and used in the Kohut analysis, which is discussed in more detail in Chapter 5. In
addition, the W126 and N100 value was calculated for 3-month and 7-month values for the
Kohut analysis and analyzed for each individual year of 2006 to 2010.

4.3.1.2 National-scale Air Quality Inputs

In addition to ambient monitoring data, the welfare risk and exposure assessment also
analyzed a national scale spatial surface of W126 for the three-year period of 2006-2008 and for
each individual year: 2006, 2007 and 2008. This analysis employed a data fusion approach to
take advantage of the accuracy of monitor observations and the comprehensive spatial
information of the CMAQ modeling system to create a national-scale “fused” spatial surface of
seasonal average Os. The spatial surface is created by fusing 2006-2008 measured O3
concentrations with the 2007 CMAQ model simulation, which was run for a 12 km gridded
domain, using the EPA’s Model Attainment Test Software (MATS; Abt Associates, 2010),
which employs the enhanced VVoronoi Neighbor Averaging (eVNA) technique (Timin et al.,
2010) enhanced with information on the spatial gradient of O3 provided by CMAQ results. The
2006-2008 W126 national-scale “fused” spatial surface is shown in Figure 4-3. More details on
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the ambient measurements and the 2007 CMAQ model simulation, as well as the spatial fusion
technique, can be found in Wells et al. (2012).

4.3.2 Air Quality After Simulating “Just Meeting” Current O3 Standard

In addition to 2006-2008 air quality concentrations for the W126 metric, the risk and
exposure assessments also consider the relative change in risk and exposure when considering
the distribution of W126 after simulating *“just meeting” the current O3 standard of 0.075 ppm.
The sections below summarize the methodology applied for this first draft REA to simulate just
meeting the current NAAQS by “rolling back” the baseline distribution of recent O3
concentrations. More details on these inputs are provided in Wells et al. (2012).

4.3.2.1 Methods

The “quadratic rollback” method was used in the previous O3 NAAQS review to adjust
ambient O3 concentrations to simulate minimally meeting current and alternative standards (U.S.
EPA, 2007). As the name implies, quadratic rollback uses a quadratic equation to reduce high
concentrations at a greater rate than low concentrations. The intent is to simulate reductions in
Os resulting from unspecified reductions in precursor emissions, without greatly affecting
concentrations near ambient background levels (Duff et al., 1998).

Two independent analyses (Johnson, 2002; Rizzo, 2005; 2006) were conducted to
compare quadratic rollback with other methods such as linear (proportional) rollback and
distributional (Weibull) rollback. Both analyses used different rollback methods to reduce
concentrations from a high O; year to simulate levels achieved during a low O3 year, then
compared the results to the ambient concentrations observed during the low O3 year. Both
analyses concluded that the quadratic rollback method resulted in an 8-hour O3 distribution most
similar to that of the ambient concentrations.

In this review, quadratic rollback was used to reduce O3z concentrations in all areas of the
U.S. with violating monitors to just meet the current NAAQS of 0.075 ppm (75 ppb). To do this,
a hierarchical method was used to group all monitors in the U.S. into hypothetical “non-
attainment” areas (Wells et al., 2012). For each of these areas, quadratic rollback was then
employed to simulate just meeting the current standard. Hourly Oz concentrations were reduced
so that the highest design value in each area was exactly 75 ppb, the highest value meeting the
NAAQS. Finally, the 2006-2008 W126 metric was calculated from the hourly rollback
concentrations. It should be noted that O3 concentrations were only adjusted relative to the other
monitors included in the hypothetical “non-attainment” area. In this way, areas with all monitors
below 75 ppb would not have been affected by this rollback methodology and the O3
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concentrations in those areas would not have changed. This was true even when these monitors
were very close to, but outside of, other hypothetical “non-attainment” areas that were adjusted
to simulate just meeting the current standard.

To generate a national-scale spatial surface that represents 2006-2008 W126
concentrations when attaining the current NAAQS, the spatial surface for 2006-2008 recent air
quality was adjusted to reflect the rolled back W126 monitor concentrations. To do this, the
rolled back W126 monitor values were inserted into the spatial surface at the monitor locations
and the W126 surface was smoothed using the VVoronoi Neighbor Averaging (VNA) spatial
averaging technique to minimize any sharp gradients between the national-scale spatial surface
that represents 2006-2008 W126 concentrations and the rollback W126 monitor concentrations.
This is described in more detail in Wells et al. (2012).

4.3.2.1 Results

Figure 4-3 shows the national-scale 2006-2008 W126 spatial “fused” surface created as
described in Section 4.3.1.1, and Figure 4-4 shows the national-scale 2006-2008 W126 surface
that reflects simulation of just meeting the current standard of 0.075 ppm. Figure 4-5 shows the
difference between the two spatial surfaces, and shows how W126 changed when simulating just
meeting the current standard. The state of California was most affected by the rollback, with
average changes in W126 of around 20. Other areas with notable changes include the areas
around: Atlanta, Charlotte, Denver, Phoenix, Salt Lake City and the area between Washington,
D.C. and Boston (all areas that had relatively high 8-hour O3 concentrations above the current
standard).
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simulating just meeting the current standard of 0.075 ppm.
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2008 and for 2006-2008 adjusted for simulating just meeting the current
standard of 0.075 ppm.
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S ECOLOGICAL EFFECTS

5.1 INTRODUCTION

This chapter presents the results of ecological risk analyses based on the causal and likely
causal effects of Oz on vegetation and ecosystems described in the ISA. Recent studies reviewed
in the O3 ISA (U.S. EPA, 2012a) support and strengthen the findings reported in the 2006 O3
AQCD (U.S. EPA, 2006). The most significant new body of evidence since the 2006 O3 AQCD
comes from research on molecular mechanisms of the biochemical and physiological changes
observed in many plant species in response to O3 exposure. These newer molecular studies not
only provide very important information regarding the many mechanisms of plant responses to
O3, they also allow for the analysis of interactions between various biochemical pathways which
are induced in response to Os. However, many of these studies have been conducted in artificial
conditions with model plants, which are typically exposed to very high, short doses of O3 and are
not quantifiable as part of this risk assessment, which is focused on recent ambient levels of O3
exposure and O3 levels simulated to meet current and alternative O3 standards.

The causal findings reported in the ISA based on the current science are summarized in
Table 5- 1. This table includes both causal and likely causal effects. Two of the effects,
alteration of below-ground biogeochemical cycles and alteration of terrestrial communities are
not analyzed directly in this review. However both can be inferred as components of the i-Tree
and FASOM models discussed in Chapter 6 and the scaled-biomass loss analyses presented in

this chapter.

Table 5- 1 Summary of O3 causal determinations for vegetation and ecosystem effects
(modified from Table 9-18 in the ISA)

Vegetation and Ecosystem Effect Conclusions from 2012 ISA 2012 REA
Visible Foliar Injury Effects on Causal Relationship Analyzed in this chapter at a National-
Vegetation scale and within NPS Units (Section

5.3.2) and NPS case study areas
(section 5.4)

Reduced Vegetation Growth Causal Relationship Analyzed in this chapter at a National-
scale and within NPS case study areas
(section 5.3)

Reduced Productivity in Terrestrial Causal Relationship Analyzed in Chapter 6 using pNET-CN
Ecosystems (pending)

Reduced Carbon (C) Sequestration in | Likely Causal Relationship Analyzed in Chapter 6 using pNET-CN
Terrestrial Ecosystems (pending) and i-TREE (section 6.X)
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Vegetation and Ecosystem Effect Conclusions from 2012 ISA 2012 REA

Reduced Yield and Quality of Causal Relationship Yield loss data are included in the
Agricultural Crops FASOM model (section 6.X), but
effects on agricultural crops are not a
focus of this review

Alteration of Terrestrial Ecosystem Likely Causal Relationship Analyzed in Chapter 6 using pNET-CN
Water Cycling (pending) Relationship

Alteration of Below-ground Causal Relationship Not analyzed directly in this review
Biogeochemical Cycles

Alteration of Terrestrial Community | Likely Causal Relationship Not analyzed directly in this review
Composition

5.2 RELATIVE BIOMASS LOSS

The previous O3 AQCDs (U.S. EPA, 1996, 2006) and current O3 ISA (U.S. EPA, 2012)
concluded that there is strong and consistent evidence that ambient concentrations of O3 decrease
photosynthesis and growth in numerous plant species across the U.S.

Meta-analyses by Wittig et al. (2007, 2009) demonstrate the coherence of O3 effects on
plant photosynthesis and growth across numerous studies and species using a variety of
experimental techniques. Furthermore, recent meta-analyses have generally indicated that O
reduces C allocation to roots (Wittig et al., 2009; Grantz et al., 2006). Since the 2006 O3 AQCD,
several studies were published based on the Aspen FACE experiment using “free air,” O3 and
CO; exposures in a planted forest in Wisconsin. Overall, the studies at the Aspen FACE
experimental site were consistent with many of the open-top chamber (OTC) studies that were
the foundation of previous O3 NAAQS reviews. These results strengthen our understanding of Os
effects on forests and demonstrate the relevance of the knowledge gained from trees grown in
OTC studies.

The 1996 and 2006 O3 AQCDs relied extensively on results from analyses conducted on
commercial crop species under the auspices of the National Crop Loss Assessment Network
(NCLAN) and on analyses of tree seedling species conducted by the EPA’s National Health and
Environmental Effect Laboratory, Western Ecology Division (NHEERL/WED). Results from
these studies have been published in numerous publications, including Lee et al. (1994; 1989,
1988b, 1987), Hogsett et al. (1997), Lee and Hogsett (1999), Heck et al. (1984), Rawlings and
Cure (1985), Lesser et al. (1990), and Gumpertz and Rawlings (1992). Those analyses concluded

that a three-parameter Weibull model —
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Equation 5-1

is the most appropriate model for the response of absolute yield and growth to O3 exposure,
because of the interpretability of its parameters, its flexibility (given the small number of
parameters), and its tractability for estimation. In addition, if the intercept term, a, is removed,
the model estimates relative yield or biomass without any further reparameterization.
Formulating the model in terms of relative yield or biomass loss (RBL) as related to the 3-month

W126 Ojindex -

RBL = 1 - exp[-(W126/y)']

Equation 5-2
is essential in comparing exposure-response across species, genotypes, or experiments for which
absolute values of the response may vary greatly. In the 1996 and 2006 O; AQCDs, the two-
parameter model of relative yield was used in deriving common models for multiple species,
multiple genotypes within species, and multiple locations.

Relative biomass loss (RBL) functions for the 11 tree species used in this assessment are
presented in Table 5-2 (see the ISA (EPA 2012a) for a more extensive review of the calculation

of the C-R functions).
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Table 5- 2 Relative Biomass Loss Functions for Tree Species (modified from Table 9-18

in the ISA)
Species RBL Function 1N (ppm) B
Red Maple (Acer rubrum) 318.12 1.3756
Sugar Maple (Acer saccharum) 36.35 5.7785
Red Alder (Alnus rubra) 179.06 1.2377
Tulip Poplar (Liriodendron tulipifera) 51.38 2.0889
Ponderosa Pine (Pinus ponderosa) 159.63 1.1900
Eastern White Pine (Pinus strobus) 1— exp[-(W126/m)"] 63.23 1.6582
Virginia Pine (Pinus virginiana) 1714.64 1.0000
Eastern Cottonwood (Populus deltoides) 10.10 1.7793
Quaking Aspen (Populus tremuloides) 109.81 1.2198
Black Cherry (Prunus serotina) 38.92 0.9921
Douglas Fir (Pseudotsuga menzeiesii) 106.83 5.9631

Figure 5- 1 shows a comparison of W126 median RBL response functions for the tree
species used in this assessment. The figure illustrates how the two parameters affect the shape of
the resulting curves. Differences in the shape of these curves are important for understanding
differences in the analyses presented later in this chapter. The two parameters of the RBL
equation (Equation 5-2) control the shape of the resulting curve. The value of n) in the RBL
function affects the inflection point of the curve and [ affects the steepness of the curve. Species
with smaller values of p (e.g. Virginia pine,) or species with 1 values which are above the normal
range of ambient W126 measurements (e.g. ponderosa pine, red alder) have response functions
with more gradual and consistent slopes. This results in more constant rate of change in RBL
over a range of O3 exposure consistent with ambient exposure levels.

In contrast, the species with larger g values (e.g. sugar maple, Douglas fir) have response
functions that behave more like thresholds, with large changes in RBL over some ranges of O3
and relatively small changes at other levels. In these cases the “threshold” is determined by the n
parameter of the model. In the example of eastern cottonwood, [ is relatively low, but because 1
is also very low relative to the other species, so the resulting C-R curve has a very steep gradient

relative to other species with similar 3 values.
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Figure 5-1 Relative Biomass Loss Functions for 11 Tree Species

5.2.1 Species Level Analyses
5.2.1.1 Individual Species Analyses

The C-R functions listed in Table 5-2 were used to generate RBL surfaces for the 11 trees
species using GIS (ESRI®, ArcMAP™ 10). A surface was created using recent ambient O3
conditions and a scenario with O3 levels rolled back to simulate just meeting the current 8 hr
secondary standard (see Chapter 4 for a more detailed description of the O3 surfaces). The recent
ambient conditions are based on monitored data from the years 2006 to 2008 and for the
remainder of this analysis we will refer to that surface as “ambient”. Two species are presented
here to illustrate the results, ponderosa pine (Figure 5- 2 and Figure 5- 4) and tulip poplar (Figure
5- 3 and Figure 5- 5). RBL surfaces for the remaining 8 species are presented in Appendix SA. It

is important to note that these maps represent the RBL value for one tree species within each
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CMAAQ grid cell represented, so these maps should be interpreted as indicating potential risk to

individual trees of that species growing in that area.

Three of the tree species occur entirely in the western U.S.; ponderosa pine, Douglas fir,
and red alder. Ranges for the western species were taken from the U.S. Department of
Agriculture’s Atlas of United States Trees (Little, 1971) (Figure 5- 2 and Figure 5- 4). The
western tree species have more fragmented habitats than the eastern species. The areas in souther
California have the highest levels of O3, which can be seen as the very high areas of RBL in
Figure 5-2. The area of high RBL in Figure 5-2 in Idaho is a result of high O3 levels from the
2007 Idaho Forest Fires. This area is still elevated in Figure 5-4 because those areas were not
near areas considered out of attainment, so were not reduced significantly in the scenario just

meeting the current standard.

Ponderosa Pine
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Figure 5-2 Relative Biomass Loss of Ponderosa Pine (Pinus ponderosa) seedlings
under recent ambient O3 exposure levels (2006 — 2008)



Ranges for the eight eastern species were also based on the USDA Ranges (Figure 5- 3
and Figure 5- 5, green outline). Additional work by the northern research station based on Forest
Inventory Analysis data (FIA) was used to update the range for the 8 eastern species (U.S. Forest
Service Climate Change Atlas, http://www.fs.fed.us/nrs/atlas/littlefia/index.html). These updates

can be seen in Figure 5- 3 as areas outside of the green line indicating the Little’s range that are
shown to have a RBL value. For this analysis, these values were only used to expand the species
ranges and were not used to indicate absence inside of the Little’s range. However, this was done

in the scaled analyses presented in section 5.2.2.
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14 under recent ambient O3 exposure levels (2006 — 2008)
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Figure 5- 4

Relative Biomass Loss of Ponderosa Pine with 0; exposure rolled back

to meet the current (8-hr) secondary standard.
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Figure 5-5 Relative Biomass Loss of Tulip Poplar with O3 exposure rolled back to meet
the current (8-hr) secondary standard.

5.2.1.2 Combined Risk Analysis of Individual Species

To assess the combined risk of the 11 tree species, the RBL values were compared
between O3 exposure scenarios. The comparisons were done on using individual CMAQ 12km
grid cells as individual points for comparison. A linear-fit model, the equivalent of a simple
regression, was used to compare the RBL surfaces. The y-intercept forced through the origin so
that the slopes of the resulting lines would be comparable. The results for ponderosa pine and
tulip poplar are shown in Figure 5- 6 and the summary values for all of the species are listed in
Table 5- 3. Plots for the remaining species are presented in Appendix SA. The RBL surface for
recent conditions was used as the baseline for comparison between rollback scenarios. This first

draft includes only one Oj; scenario, with O3 levels simulating just meeting the current standard.
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The second draft will include additional scenarios with distinct secondary standards, expressed
using the W126, a cumulative, seasonal index.

Using this approach provides two advantages. First, it will in part correct for variability in
Os exposures in different regions. For example, one source of variability is the difference
between O3z concentrations measured at the height of ambient monitors and those occurring at the
height of the actual tree canopy. In the 2007 Staff Paper (U.S. EPA, 2007a) this difference was
addressed by applying a 10% reduction in hourly O3 values in each grid cell. That methodology
introduced uncertainty, but was a useful in comparing the effects of uncertainty in the O;
exposure values.

The method used to generate the exposure surface in this assessment is not readily
adjusted in a similar manner so the cell-by-cell comparison allows each grid cell to be compared
based on the proportional change between exposure scenarios. Bias in the exposure value based
on elevation should be similar between Oz exposure scenarios, so will be factored into the
proportional change. The second advantage is this provides a uniform methodology to compare
between endpoints. In this analysis, individual tree species are used as the endpoint of the
analysis. The analysis presented in section 5.2.2 uses designated critical habitat and Class I areas
as the endpoint, and the individual case study areas analyzed in section 5.3 can each be used as a
distinct endpoint, but comparable analyses can be done with all 4 different endpoints. One
negative of this analysis is that by forcing the model through the origin, the r-squared values are

difficult to interpret.
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Figure 5- 6  Linear fit model of RBL under recent ambient O3 exposure levels (2006 —
2008) conditions compared to estimated values for meeting the current (8-hr)
standard for ponderosa pine and tulip poplar. The dashed blue line
represents the one-to-one line. The red line is the fitted line.

The values presented in Table 5- 3 summarize the individual species analysis. The
median and maximum RBL values are listed for comparison under ambient conditions. The slope
of linear fit model (Figure 5- 6, red lines, Table 5- 3), can be interpreted as the average
proportion of ambient RBL that is expected under the rollback scenario. A similar value is
obtained by dividing the mean RBL under the rollback scenario by the RBL value under ambient
conditions. Conversely, the proportion decrease could be calculated using a paired t-test and
dividing the estimated difference by the mean Ambient RBL. Because some of the RBL
distributions are not normally distributed, the linear fit model was determined to be more robust.
In this analysis, the ambient RBL is used as the baseline, so the proportion at ambient conditions
is by definition 1, and the slope for all subsequent comparisons is always the average proportion
of the ambient RBL. For this 1* daft REA, we evaluate only the scenario for just meeting the
current secondary O3 standard. Scenarios for meeting alternative O3 standards will be evaluated
in the second draft REA. We have put in placeholder columns in Table 5-3 for several
alternative standards to provide a sense of the structure of the comparisons. The EPA has not
determined at this point the number of alternative standards that will be evaluated in the second

draft REA.
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Several values in Table 5- 3 are notable. Douglas fir is a relatively non-sensitive species
at ambient levels of O3, however the proportional value is very low (0.357). Referring to Figure
5- 1, this is because this species is only sensitive at very high O; levels. After simulating just
meeting the current secondary Os standard, there are no areas in the country where O3 levels are
high enough to cause substantial RBL for this species, so the proportional change appears very
high despite a relatively low maximum RBL value when compared to other species (Table 5- 3).
However, additional reductions in O3 resulting from lower levels of the standards will not result
in similarly large proportional changes for this species because they will now be in a portion of
the RBL function where this species shows very low levels of RBL, and therefore is not
responsive to O3 changes.

Sugar maple is similar, but because the maximum RBL at ambient conditions is much higher
than for Douglas fir (see Figure 5- 1), reducing O3 concentrations below the “threshold”, in part
controlled by the n parameter (see Table 5-2), for Sugar maple creates a much larger

proportional difference.

Table 5- 3 Summary of Proportional Change in RBL for 11 Tree Species
Median Maximum | Proportion | Proportion | Proportion
RBL RBL at Current at Alt A at Alt B
Species (Ambient) | (Ambient) | Standard
Red Maple (Acer rubrum) 0.009 0.039 0.707
Sugar Maple (Acer saccharum) 0.000 0.206 0.080
Red Alder (Alnus rubra) 0.005 0.118 0.894
Tulip Poplar (Liriodendron tulipifera) 0.045 0.291 0.533
Ponderosa Pine (Pinus ponderosa) 0.038 0.294 0.653
Eastern White Pine (Pinus strobus) 0.034 0.226 0.642
Virginia Pine (Pinus virginiana) 0.008 0.018 0.717
Eastern Cottonwood (Populus deltoides) 0.564 0.999 0.844
Quaking Aspen (Populus tremuloides) 0.039 0.377 0.795
Black Cherry (Prunus serotina) 0.225 0.547 0.834
Douglas Fir (Pseudotsuga menzeiesii) 0.000 0.001 0.357

The results of the individual species analyses can be combined into a single plot across

O; exposure scenarios (Figure 5- 7). In this analysis, all of the values under ambient conditions
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are, by definition, 1 as this is the baseline so the box for that category is a line. After simulating
just meeting the current secondary Oj; standard, the RBL is approximately 70% of the RBL under
ambient conditions. Alternatively, this could be interpreted to say that RBL with O3 exposure
levels simulating just meeting the current secondary Os standard is 30% lower than under
ambient conditions. We have put in placeholders in Figure 5-7 for several alternative standards
to provide a sense of the structure of the comparisons. The EPA has not determined at this point

the number of alternative standards that will be evaluated in the second draft REA.
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Figure 5-7 Change in RBL across exposure scenarios for 11 tree species. Biomass
loss estimates under recent ambient O3 (2006 — 2008) conditions were
used as the baseline. [Alternate levels will be included in the second
draft based on simulating just attaining alternative standards]
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5.2.2 Relative Biomass Loss in Federally Designated Areas
5.2.2.1 Importance Value Scaled Analyses
In order to assess the risk to ecosystems in geographic areas from biomass loss as
opposed to the potential risk to individual tree species, it is necessary to scale the RBL to reflect
the abundance of each species in specific forest ecosystems. As part of the U.S. Forest Service

(USFS) Climate Change Atlas (http://www.fs.fed.us/nrs/atlas/littlefia/index.html) researchers at

the USFS Northeastern Research Station have calculated Importance Values for eastern Tree
species (Prasad and Iverson, 2003). Prasad and Iverson’s (2003) calculation of Importance
Values (IV) was based equally on relative basal area and the number of stems of each tree
species within each FIA plot included in their analysis area with a range for each species ranging
from 0 to a maximum of 100. Plot level IV’s were over a 20km” scale grid for the entire study
area. These values were merged with the CMAQ 12 km? grid used for the O3 exposure and RBL
surfaces, with each CMAQ grid cell assigned a weighted mean IV for each species.

The resulting values were used in the preceding analysis (section 5.2.1) to update the
Little’s Ranges for the eastern species. To assess biomass loss in federally designated areas, the
IV’s were used to scale the RBL value for each tree species. The IV surface for tulip poplar is
shown in Figure 5- 8. Similar to the preceding analysis, the Little’s Range is included for
reference to illustrate where the IV indicates occurrences outside of that range; however in this
analysis some areas within the species range are assigned an I'V of 0 and are treated as areas of
non-occurrence. Figure 5- 8 shows an expected abundance pattern for tulip poplar, with the
highest abundance (as estimated by [V) near the center of its reported range, and areas near the

edge of its range where the species is either very low in abundance or absent all together.
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Figure 5-8 Importance Values for Tulip Poplar. (Data from U.S. Forest Service,
http://www.fs.fed.us/nrs/atlas/littlefia/index.html)

To scale RBL, the IV was divided by 100, giving a proportional value between 0 and 1 in
each grid cell and the proportional IV was multiplied by the RBL for each tree species for each
O; exposure scenario. The resulting scaled-RBL surfaces for Tulip Poplar are shown in Figure 5-

9 (Recent Conditions) and Figure 5- 10 (Current Standard).
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Figure 5-9 Scaled Relative Biomass Loss for Tulip Poplar under recent ambient O;
exposure levels (2006 — 2008)

It is important to note that the scaled-RBL values highlight different areas as being the
highest area relative to the un-scaled RBL. In Figure 5- 3 the areas of highest RBL for tulip
poplar, with values above 0.25 are predominantly in the south. In Figure 5- 9 the southern areas
are still high, but the areas around Washington D.C and Baltimore appear much higher, as does
western Pennsylvania and West Virginia, relative to the un-scaled RBL values.
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Figure 5- 10 Scaled Relative Biomass Loss for Tulip Poplar after simulating just meeting
the current (8-hr) secondary O; standard.

To assess the overall risk to ecosystems federally designated areas, the scaled-RBL
values were summed across the 8 eastern species generating a summed-RBL value, with each
species weighted by its scaled-RBL. Figure 5- 11 illustrates these values across the eastern U.S.
The very high values in Figure 5- 11 are directly related to the presence of Eastern Cottonwood.
Cottonwood is a very sensitive species and in many areas where it occurs it is a dominant tree
species. Figure 5- 12 shows the same summed value with Eastern Cottonwood removed. The
highest summed-RBL value decreases from 0.854 to 0.204, demonstrating the effect of
cottonwood. Figure 5- 13 and Figure 5- 14 show the summed-RBL surfaces under the current
standard rollback scenario for all eastern species and excluding eastern cottonwood respectively.

There are two important things to note with respect to the IV scaled analysis. First is that

the IV’s do not account for total cover, only the relative cover of the tree species present. This is
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1  most noticeable with cottonwood, which has IV’s near 100 in some areas (see Appendix 5A), but
2 particularly in the western portions of its range, the absolute cover is probably much lower than
3 100%. Although this affects the direct interpretation of the values presented here, by focusing on
4  the proportional changes in summed-RBL between O3 exposure scenarios, the overall effect of
5  the variability in absolute cover values in reduced.
6 The second important point is that this analysis only accounts for the 8 eastern species
7  with C-R functions. Other species may also be sensitive to Oz exposure and it is possible that
8  other species that are not sensitive may be indirectly affected through changes in community
9  composition and competitive interactions.
Eastern Tree Species (Summed)
IV-Scaled
Biomass Loss
(Ambient)
I 0.000-0.008
[ 0.009 - 0.021
0.022 - 0.041
0.042-0.071
0.072-0.121
[ 0122-0212
I 0.213-0.388
I 0389-0854
10
11 Figure 5-11 Summed Relative Biomass Loss (scaled) for 8 Eastern tree species recent
12 ambient O3 exposure levels (2006 — 2008)
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Eastern Tree Species (Summed)
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Biomass Loss
(Ambient)

I 0.000-0.004
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0.016 - 0.025
0.026 - 0.039
777 0.040-0.060
I 0.061-0.094
I 0.095-0.204

Figure 5- 12 Summed Relative Biomass Loss (scaled) for 7 species, excluding
eastern cottonwood, under ambient O3 conditions
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Figure 5- 13 Summed Relative Biomass Loss (scaled) for 8 Eastern tree species
after simulating just meeting the current (8-hr) secondary O3

standard.
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Figure 5- 14 Summed Relative Biomass Loss (scaled) for 7 species, excluding eastern
cottonwood, after simulating just meeting the current (8-hr) secondary O3
standard.

5.2.3 Potential Biomass Loss in Federally Designated Areas
5.2.3.1 Class I Areas
Federally designated Class I areas were analyzed in relation to the W126 surface and the
scaled RBL surfaces. Figure 5- 15 shows the Class I areas and W126 values. Many of the Class I
areas are in the western U.S., where IV’s were not available to scale the RBL values. This
analysis uses only the Class I areas in the eastern U.S., many of which are small, and are difficult
to see at the scale of Figure 5- 15, or even when expanded to show only the eastern U.S. Maps of

each area as in Appendix 5B.
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Figure 5- 15 Recent O; conditions in Class I Areas

The analyses of Class I areas were completed in the same manner as for individual
species (see Figure 5- 6), with each designated area treated as a geographic endpoint. The areas
were analyzed using the same linear model approach and the results are summarized in Table 5-
4. We have put in placeholders in Figure 5-7 for several alternative standards to provide a sense
of the structure of the comparisons. EPA has not determined at this point the number of
alternative standards that will be evaluated in the second draft REA.

Plots of the analyses are presented in Appendix 5B. Many Class I areas occur where the
ambient O3 levels are very low and simulation of just attaining the current secondary O3 standard
resulted in very little, or no change in O3 exposure in these areas so the cumulative analysis was
done twice, first with all eastern Class I areas included (Figure 5-16A) and a second analysis

excluding areas where the ambient W126 was below 10 (Figure 5-16B).
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Areas in Table 5- 4 with the proportion listed as NA were not included in the analysis.

These areas were excluded either due to small sample size (e.g. Rainbow Lake Wilderness), or

because the summed RBL values in all, or all but 1, grid cells were 0.

Table 5-4  Proportion of Ambient summed-RBL in Eastern U.S. Class I areas
Mean Number of | Proportion | Proportion | Proportion
W126 Grids of Current at Alt A at Alt B
Class I Area (PPM) Standard

Acadia National Park 6.74 9 0.724

Badlands/Sage Creek Wilderness 7.53 11 NA

Boundary Waters Canoe Area Wilderness 5.24 67 1.000

Bradwell Bay Wilderness 6.90 4 0.990

Breton Wilderness 16.28 4 NA

Brigantine Wilderness 13.7 2 0.386

Caney Creek Wilderness 9.15 2 0.995

Cape Roman Wilderness 12.63 13 1.000

Chassahowitzka Wilderness 11.66 5 0.803

Cohutta Wilderness 13.12 5 0.716

Dolly Sods Wilderness 7.8 2 0.996

Everglades National Park 7.25 62 1.000

Great Gulf Wilderness 7.55 2 0.892

Great Smoky Mountains National Park 16.64 26 0.445

Hercules-Glades Wilderness 6.00 4 0.966

Isle Royale National Park 7.11 16 1.00

James River Face Wilderness 9.1 2 0.992

Joyce Kilmer-Slickrock Wilderness 14.07 3 0.496

Linville Gorge Wilderness 10.83 3 0.910

Lye Brook Wilderness 6.83 4 0.889

Mammoth Cave National Park 13.53 6 0.981

Mingo Wilderness 13.6 4 0.845

Moosehorn Wilderness 1.93 4 1.000

Okefenokee Wilderness 8.65 21 0.993

Otter Creek Wilderness 7.87 3 0.946

Presidential Range-Dry River Wilderness 7.52 5 0.914
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Mean Number of | Proportion | Proportion | Proportion
W126 Grids of Current at Alt A at Alt B
Class I Area (PPM) Standard

Rainbow Lake Wilderness 5 1 NA

Saint Marks Wilderness 8.93 9 0.999

Seney Wilderness 7.18 4 0.990

Shenandoah National Park 10.85 22 0.922

Shining Rock Wilderness 12.65 4 0.679

Sipsey Wilderness 14.53 4 0.765

Swanquarter Wilderness 14.55 4 0.949

Theodore Roosevelt National Park 6.78 9 1.000

Upper Buffalo Wilderness 7.17 3 0.997

Voyageurs National Park 5.08 13 1.000

Wichita Mountains 9.87 6 NA

Wind Cave National park 10.96 