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Executive Summary - NO, NAAQS RIA

ES.1 Overview

This Regulatory Impact Analysis (RIA) provides illustrative estimates of the incremental
costs and monetized human health benefits of attaining a revised short-term Nitrogen Dioxide
(NO,) National Ambient Air Quality Standard (NAAQS) within the current community-wide
monitoring network of 409 monitors. Because this analysis only considers counties with NO,
monitors, the possibility exists that there may be many more potential nonattainment areas
than have been analyzed in this RIA.

The final NAAQS is a new short-term NO, standard based on the 3-year average of the
9g™" percentile of 1-hour daily maximum concentrations, establishing a new standard of 100
ppb. We also analyzed a lower level of 80 parts per billion (ppb) and an upper level of 125 ppb.
It is important to reiterate that this analysis does not attempt to estimate attainment or
nonattainment for any areas of the country other than those counties currently served by one
of the 409 monitors in the current network. Chapter 2 explains that the current network is
focused on community-wide ambient levels of NO,, and not near-roadway levels, which may be
significantly higher. The final rule also contains requirements for an NO, monitoring network
that would include monitors near major roadways. We recognize that once a network of near-
roadway monitors is put in place, more areas could find themselves exceeding the new hourly
NO, NAAQS. However for this RIA analysis, we lack sufficient data to predict which additional
counties might exceed the new NAAQS after implementation of a near-roadway monitoring
network if they do not currently have a monitor. (Regional scale models such as the
Community Multi-scale Air Quality Modeling System (CMAQ) do not provide a sufficient level of
sub-grid detail to estimate near-road concentrations, and local-scale models such as AERMOD
cannot model large regions with appropriate characterization of the near-road component of
ambient air quality).

In this RIA, we projected current area-wide monitor values to future year monitor values
directly, using future year CMAQ modeling outputs that take into account expected changes in
emissions from 2006 to 2020. Because a near-roadway monitoring network does not currently
exist, it was not possible to do this same direct projection into the future for near-roadway
peaks. Because short-term peak exposures may occur near roadways, we conducted an
analysis to approximate such peak exposures. This analysis relies on current and future
estimated air quality concentrations at area-wide monitors, making adjustments to future year
projections using derived estimates of the relationship between future year area-wide air
quality peaks and current near-roadway peaks. This analysis, which effectively extrapolates

ES-1



future year near-roadway air quality from projected area-wide concentrations, represents a
screening level approximation with significant additional uncertainties.

The RIA for the proposed NAAQS included an analysis based on community level
exposure, represented by the current area-wide monitoring network. Because the final NAAQS
is based on expected near-roadway (peak) exposures, the RIA for the final NAAQS focuses on
the near-roadway analysis (which was included in the RIA for the proposed NAAQS as an
alternative analysis). It is important to note that no current monitors in the (area-wide)
network are projected to violate either the final NAAQS level of 100 ppb, or the lower bound of
80 ppb, in 2020, assuming a baseline of no additional control beyond the controls expected
from rules that are already in place (including the current PM, s and ozone NAAQS).! As noted
above, we recognize that once a network of near-roadway monitors is put in place, more areas
could find themselves exceeding the new hourly NO, NAAQS.

This RIA chiefly serves two purposes. First, it provides the public with an estimate of the
expected costs and benefits of attaining a new NO, NAAQS. Second, it fulfills the requirements
of Executive Order 12866 and the guidelines of OMB Circular A-4. > These documents present
guidelines for EPA to assess the benefits and costs of the selected regulatory option, as well as
one less stringent and one more stringent option. As stated above, we chose 80 ppb as an
analytic lower bound, and 125 ppb as an analytic upper bound.

In setting primary ambient air quality standards, EPA’s responsibility under the law is to
establish standards that protect public health, regardless of the costs of implementing a new
standard. The Clean Air Act requires EPA, for each criteria pollutant, to set a standard that
protects public health with “an adequate margin of safety.” As interpreted by the Agency and
the courts, the Act requires EPA to create standards based on health considerations only.

The prohibition against the consideration of cost in the setting of the primary air quality
standard, however, does not mean that costs or other economic considerations are
unimportant or should be ignored. The Agency believes that consideration of costs and benefits
is essential to making efficient, cost effective decisions for implementation of these standards.
The impacts of cost and efficiency are considered by states during this process, as they decide
what timelines, strategies, and policies are most appropriate. This RIA is intended to inform the
public about the potential costs and benefits associated with a hypothetical scenario that may

! For this RIA, we chose an analysis year of 2020. Although the actual attainment year is likely to be 2017, time and
resource limitations dictated use of pre-existing model runs, which all focused on 2020. In addition, we do not
have emission inventory projections for 2017; such projections are done for 5-year intervals.

2 U.S. Office of Management and Budget. Circular A-4, September 17, 2003. Available at
http://www.whitehouse.gov/omb/circulars/a004/a-4.pdf.
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result when a new NO, standard is implemented, but is not relevant to establishing the
standards themselves.

ES.2 Summary of Analytic Approach for the Analysis of Approximated Future Near-
Roadway NO, Exceedances of Target NAAQS

Our assessment of the NO, NAAQS and lower and upper bounds includes several key
elements, including specification of baseline NO, emissions and concentrations; development
of illustrative control strategies to attain the standard in 2020; and analyses of the control costs
and health benefits of reaching each level. Additional information on the methods employed
by the Agency for this RIA is presented below.

Overview of Baseline Emissions Forecast and Baseline NO, Concentrations

The baseline emissions and concentrations for this RIA are based on NOx emissions data
from the 2002 National Emissions Inventory (NEI), and baseline NO, concentration values from
2005-2007 across the community-wide monitoring network. We used results from the
community multi-scale air quality model (CMAQ) simulations from the ozone NAAQS RIA to
calculate the expected reduction in ambient NO, concentrations between the 2002 base year
and 2020. More specifically, design values (i.e. air quality concentrations at each monitor) were
calculated for 2020 using monitored air quality concentrations from 2002 and modeled air
quality projections for 2020, countywide emissions inventory data for 2002 and 2005-7, and
emissions inventory projections for 2020. These data were used to create ratios between
emissions and air quality, and those ratios (relative response factors, or RRFs) were used to
estimate air quality monitor design values for 2020.

Because a near-roadway monitoring network does not currently exist, it was not
possible to do the same direct projection into the future for near-roadway peaks as was done
for the area-wide analysis in the proposal RIA, to analyze the standard levels of 80 ppb, 100
ppb, and 125 ppb (98th percentile value). Therefore, the near-roadway analysis represents a
much more uncertain screening level approximation of future year near-roadway air quality.
We first select “area-wide” monitors to adjust to approximate near-roadway conditions. The
monitors included in this analysis are those considered to be representative of “area-wide”
conditions; i.e. those monitors to which it would be appropriate to apply the gradient to scale
from area-wide to near-roadway conditions. To reflect the expected roadway gradient
discussed in the preamble to the final rule (i.e., near road monitors can be between 30% to
100% greater than the area wide monitors), we adjust our estimated design values at area-wide
locations for the future year of 2020 by 130%, 165%, and 200%. The analytic method we used
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to determine the 2020 design values and the tons needed to attain the alternate standard
levels incorporates the near roadway gradient adjustment with a modification to future CMAQ
air quality levels. While the modification is conceptually sound, it is a relatively new
methodology. We discuss the methodology in detail in chapter 2.

Development of lllustrative Control Strategies

For the final RIA, we analyzed the impact that additional emissions controls would have
on predicted ambient NO, concentrations, incremental to the baseline set of controls. Thus the
modeled analysis for a revised standard focuses specifically on incremental improvements
beyond the current standards, and uses control options that might be available to states for
application by 2020. The hypothetical modeled control strategy presented in this RIA is one
illustrative option for achieving emissions reductions to move towards a national attainment of
a tighter standard. It is not a recommendation for how a tighter NO, standard should be
implemented, and states will make all final decisions regarding implementation strategies once
a final NAAQS has been set.

Generally, we expect that many states would be able to attain the NO, NAAQS without
the addition of new controls beyond those already being planned for the attainment of existing
PM, s and ozone standards by the year 2020. As States develop their plans for attaining these
existing standards, they are likely to consider adding controls to reduce NOx, as NOx is a
precursor to both PM, 5 and ozone. These controls will also directly help areas meet a tighter
NO, standard.

Analysis of Benefits

Our analysis of the benefits associated with the NO, NAAQS includes the ancillary
benefits of reducing concentrations of particulate matter (PM). Because NO, is also a precursor
to PM, s reducing NO4 emissions in the projected non-attainment areas will also reduce PM, s
formation, human exposure, and the incidence of PM, s-related health effects. In this analysis,
we estimated the co-benefits of reducing PM, s exposure for the alternative standards.

Due to analytical limitations, it was not possible to provide a comprehensive estimate of
PM, s-related benefits. Instead, we used the “benefit-per-ton” method to estimate these
benefits. The PM, 5 benefit-per-ton estimates provide the total monetized human health
benefits (the sum of premature mortality and premature morbidity) of reducing one ton of a
PM, s precursor from a specified source category. For this analysis, the PM, 5 co-benefits only
represent NO, emission reductions from the mobile sector because data limitations in the
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control strategy preclude estimating co-emission reductions from directly emitted PM, s or
PM, s precursors. We assume that all fine particles, regardless of their chemical composition,
are equally potent. These estimates reflect EPA’s most current interpretation of the scientific
literature on PM; s and mortality, including our updated benefits methodology (i.e., a no-
threshold model that calculates incremental benefits down to the lowest modeled PM, s air
quality levels and incorporates two technical updates) compared to the estimates in previous
RIAs that did not include these changes. EPA has used a similar technique in previous RIAs,
including the recent Ozone NAAQS RIA (U.S. EPA, 2008a) and Portland Cement NESHAP RIA
(U.S. EPA, 2009). For the near-roadway benefits, we were unable to estimate NO, benefits
based on the data available for this analysis. This is discussed further in Chapter 4. Although
this benefit in unquantified in this analysis, the area-wide analysis for the proposed NAAQS RIA
showed that the monetized NO; benefits accounted for only 2% of the total monetized
benefits.

Analysis of Costs

Because this analysis examines emissions and air quality approximating near-roadway
conditions, we assume that unspecified controls are applied to mobile source emissions. We
have estimated that the annualized average cost of controls to attain the NO, NAAQS would be
in the range of $3,000 to $6,000 per ton. This estimate is based upon previous estimates of
controls for mobile sources.

For onroad and nonroad mobile sources, costs, in terms of dollars per ton emissions
reduced, were applied to emission reductions calculated for the onroad and nonroad mobile
sectors that had previously been generated using the National Mobile Inventory Model
(NMIM). NMIM is an EPA model for estimating air emissions from highway vehicles and
nonroad mobile equipment. NMIM uses current versions of EPA’s model for onroad mobile
sources, MOBILE6, and nonroad mobile sources, NONROAD, to calculate emission inventories.*

ES.3. Results from Screening Level Near-Roadway Analysis
Air Quality and Emissions

For the revised standard of 100 ppb and the less stringent level of 125 ppb there were
no projected exceedances in 2020. For the more stringent level of 80 ppb, exceedances

! More information regarding the National Mobile Inventory Model (NMIM) can be found at
http://www.epa.gov/otag/nmim.htm
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totaling were projected in 4 counties, with 21,230 tons of emissions reductions needed for
attainment.

Benefits and Costs

Tables ES-1 and ES-2 present the counties in nonattainment, tons of NOx reduction,
costs, and benefits for compliance with the NO, NAAQS in 2020 for this near-roadway analysis,
using the near road gradient adjustment at discount rates of 3% and 7% respectively. The
selected standard of 100 ppb at the mean expected gradient of 65% is highlighted.

Table ES-1: 2020 Benefit Cost Comparison (in millions of 2006$, 3% discount rate for Benefits only)

- Tons of
Stf:::lrd Nirf:tutra‘::\e:\ler;t NOx. Total Costs * Total Benefits ** Net Benefits
Reduction
= 80 ppb 0 0 $3.6 to S$3.6 SO to SO -$3.6 to -$3.6
X 5 100 ppb 0 0 $3.6 to $3.6 $0 to $0 $36 to -$3.6
" g 125 ppb 0 0 $3.6 to S$3.6 SO to SO -$3.6 to -$3.6
£ 80 ppb 1 680 $5.6 to $7.7 S35 to $8.6 841 to S3.0
§ ;?: 100 ppb 0 0 $3.6 to $3.6 $0 to $0 $36 to -$3.6
G 125 ppb 0 0 $3.6 to $3.6 $0 to $0 $36 to -$3.6
= 80 ppb 4 21,000 S67 to $130 $110 to $270 -§21 to $200
% ;?: 100 ppb 0 0 $3.6 to $3.6 $0 to $0 $36 to -$3.6
G 125 ppb 0 0 $3.6 to $3.6 $0 to 90 $36 to -$3.6

* Total Cost estimates are shown as a range from $3,000/ton to $6,000/ton. Results include monitoring costs of
$3.6m. Costs estimates were only available for a 3% discount rate. All estimates have been rounded to two
significant figures.

**Total Benefit estimates are actually PM, 5 co-benefits, shown as a range from Pope et al to Laden et al, at a 3%
discount rate, using no-threshold functions, assuming NOx emission reductions from the mobile sector.
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Table ES-2: 2020 Benefit Cost Comparison (in millions of 2006$, 7% discount rate)

- Tons of
St:;l:l:lrd N’:,S::tz::‘er:g:‘t NOx' Total Costs * Total Benefits ** Net Benefits
Reduction
£ 80ppb 0 0 $3.6 to S3.6 S0 to SO -$3.6 to -$3.6
§° '—;?: 100 ppb 0 0 $3.6 to S3.6 S0 to SO -$3.6 to -$3.6
& 125 ppb 0 0 $3.6 to S3.6 S0 to SO -$3.6 to -$3.6
=  80ppb 1 680 $5.6 to S7.7 $3.2 to S7.8 -545 to S2.1
§ '-;-'?; 100 ppb 0 0 $3.6 to S3.6 SO to $O -53.6 to -S3.6
G 125 ppb 0 0 $3.6 to S3.6 S0 to SO -$3.6 to -$3.6
. E 80 ppb 4 21,000 S67 to $130 $100 to $240 -$31 to $180
é '—;?: 100 ppb 0 0 $3.6 to S3.6 S0 to SO -53.6 to -$3.6
& 125 ppb 0 0 $3.6 to S3.6 S0 to SO -$3.6 to -$3.6

* Total Cost estimates are shown as a range from $3,000/ton to $6,000/ton. Results include monitoring costs of
$3.6m. Costs estimates were only available for a 3% discount rate. All estimates have been rounded to two

significant figures.

**Total Benefit estimates are actually PM, 5 co-benefits, shown as a range from Pope et al to Laden et al, at a 3%

discount rate, using no-threshold functions, assuming NOx emission reductions from the mobile sector.

ES.4.

Caveats and Limitations

General

e Due to the absence of a near-roadway monitoring network, this is a screening level

analysis with several simplifying assumptions. It is provided to give a rough

projection of the costs and benefits of attaining a revised NO, standard based on a

yet to be established monitoring network.

e This analysis does not take into account a large variety of localized conditions

specific to individual monitors; instead, the analysis attempts to account for some

local parameters by adjusting future design values based on average localized

impacts near roads from onroad emissions.

e The process of adjusting from a specific 12 km CMAQ receptor to a near-road air

guality estimate represents an uncertain approximation at the specific monitor

level.

e This analysis is an approximation in that it derives future year (2020) peak air quality

concentrations in specific locations by relying on CMAQ estimates that are averages

over a 12 km grid square.
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e This analysis cannot predict air quality in locations for which there is no current NO,
monitor, or where current monitoring data is incomplete. There are 142 CBSAs for
which we are proposing to add new near-road monitors. Of these, 73 either have
no existing monitor in the CBSA, or have a monitor with data not complete enough
to include in the near-roadway analysis. In these CBSAs, extrapolation to near-
roadway levels is not possible.

e This analysis assumes area-wide monitors remain in the same location; however
concentrations are adjusted to reflect near-roadway conditions.

e This analysis omits certain unquantified effects due to lack of data, time and
resources. These unquantified endpoints include NO, health effects, ozone co-
benefits, ecosystem effects, and visibility.

Air Quality Data, Modeling and Emissions

Current PM, s and Ozone Controls in Baseline: Our 2020 analysis year baseline assumes
that States will put in place the necessary control strategies to attain the current PM, s
and ozone standards. Some of the control strategies employed as part of the ozone
RIA, in particular, were unspecified. As States develop their plans for attaining these
standards, their NOx control strategies may differ significantly from our analysis.

Use of Existing CMAQ Model Runs: This analysis represents a screening level analysis.
We did not conduct new regional scale modeling specifically targets to NO,; instead we
relied upon impact ratios developed from model runs used in the analysis underlying
the ozone NAAQS.

Analysis Year of 2020: Data limitations necessitated the choice of an analysis year of
2020, as opposed to the presumptive implementation year of 2017. Emission inventory
projections are available for 5-year increments; i.e. we have inventories for 2015 and
2020, but not 2017. In addition, the CMAQ model runs upon which we relied were also
based on an analysis year of 2020.

Limited monitoring network: For the current monitoring community-wide monitoring
network, the universe of monitors exceeding the target NAAQS levels is very small.
Once a network of near-roadway monitors is put in place, there could be more potential
nonattainment areas than have been analyzed in this RIA.
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e Actual State Implementation Plans May Differ from our Simulation: In order to reach
attainment with each selected NAAQS, each state will develop its own implementation
plan implementing a combination of emissions controls that may differ from those
simulated in this analysis. This analysis therefore represents an approximation of the
emissions reductions that would be required to reach attainment and should not be
treated as a precise estimate.

e Climate change impacts of NOx or NO, emissions, which have not been extensively
studied with regard to their impacts on net warming, are only now beginning to be
investigated. Since work on this issue is only beginning, an analysis of the quantified
impacts of reduction in NO, on climate cannot yet be provided.

Costs

e There are some unquantified costs that are not adequately captured in this illustrative
analysis. These costs include the costs of federal and State administration of control
programs, which we believe are less than the alternative of States developing
approvable SIPs, securing EPA approval of those SIPs, and Federal/State enforcement.
Additionally, control measure costs referred to as “no cost” may require limited
government agency resources for administration and oversight of the program not
included in this analysis; those costs are generally outweighed by the saving to the
industrial, commercial, or private sector. The Agency also did not consider transactional
costs and/or effects on labor supply in the illustrative analysis.

e Known control costs used were derived from data on a variety of known controls, and

not based on any one specific control strategy tailored to specific geographic areas that
may violate the NAAQS.

Benefits

e There are many uncertainties associated with the health impact functions used in
this modeling effort. These include: within study variability; across study variation;
the application of concentration-response (C-R) functions nationwide; extrapolation
of impact functions across population; and various uncertainties in the C-R function,

including causality and thresholds. These uncertainties may under- or over-estimate
benefits.
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This analysis is for the year 2020, and projecting key variables introduces
uncertainty. Inherent in any analysis of future regulatory programs are uncertainties
in projecting atmospheric conditions and source level emissions, as well as
population, health baselines, incomes, technology, and other factors.

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

PM, s mortality co-benefits represent a substantial proportion of total monetized
benefits (over 90%), and these estimates are subject to a number of assumptions
and uncertainties.

1. PM,sco-benefits were derived through benefit per-ton estimates, which do not
reflect local variability in population density, meteorology, exposure, baseline
health incidence rates, or other local factors that might lead to an over-estimate
or under-estimate of the actual benefits of controlling directly emitted fine
particulates.

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

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

ES-10



4. To characterize the uncertainty in the relationship between PM, s and premature
mortality, we include a set of twelve estimates based on results of the expert
elicitation study in addition to our core estimates. Even these multiple
characterizations omit the uncertainty in air quality estimates, baseline incidence
rates, populations exposed and transferability of the effect estimate to diverse
locations. As a result, the reported confidence intervals and range of estimates
give an incomplete picture about the overall uncertainty in the PM, 5 estimates.
This information should be interpreted within the context of the larger
uncertainty surrounding the entire analysis.
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Chapter 1: Introduction and Background

Synopsis

This document estimates the incremental costs and monetized human health benefits of
attaining a revised primary nitrogen dioxide (NO,) National Ambient Air Quality Standard
(NAAQS) nationwide. This document contains illustrative analyses that consider limited
emission control scenarios that states, tribes and regional planning organizations might
implement to achieve a revised NO, NAAQS. EPA weighed the available empirical data and
photochemical modeling to make judgments regarding the proposed attainment status of
certain urban areas in the future. According to the Clean Air Act, EPA must use health-based
criteria in setting the NAAQS and cannot consider estimates of compliance cost. This Regulatory
Impact Analysis (RIA) is intended to provide the public a sense of the benefits and costs of
meeting new alternative NO, NAAQS, and to meet the requirements of Executive Order 12866
and OMB Circular A-4 (described below in Section 1.2.2).

This RIA provides illustrative estimates of the incremental costs and monetized human
health benefits of attaining a revised primary NO, National Ambient Air Quality Standard
(NAAQS) in 2020 within the current network of 409 monitors. The final rule adds a new short-
term (1-hour exposure) standard, in addition to the current annual average standard. It is
important to note that there may be many more potential nonattainment areas than have been
analyzed in this RIA. The Integrated Science Assessment (ISA) and Risk and Exposure
Assessment (REA), discussed in section 1.3 below, summarize available monitoring information,
noting elevated short-term NO, concentrations near roads with high traffic volumes, with
significant gradients relative to areas further away. Therefore there may be near-roadway
locations that are currently not served by an NO, monitor, but which may have relatively high
NO, concentrations at peak times.

1.1 Background

Two sections of the Clean Air Act (“Act”) govern the establishment and revision of
NAAQS. Section 108 (42 U.S.C. 7408) directs the Administrator to identify pollutants which
“may reasonably be anticipated to endanger public health or welfare,” and to issue air quality
criteria for them. These air quality criteria are intended to “accurately reflect the latest
scientific knowledge useful in indicating the kind and extent of all identifiable effects on public
health or welfare which may be expected from the presence of [a] pollutant in the ambient air.”
NO, is one of six pollutants for which EPA has developed air quality criteria.
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Section 109 (42 U.S.C. 7409) directs the Administrator to propose and promulgate
“primary” and “secondary” NAAQS for pollutants identified under section 108. Section
109(b)(1) defines a primary standard as “the attainment and maintenance of which in the
judgment of the Administrator, based on [the] criteria and allowing an adequate margin of
safety, [are] requisite to protect the public health.” A secondary standard, as defined in section
109(b)(2), must “specify a level of air quality the attainment and maintenance of which in the
judgment of the Administrator, based on [the] criteria, [are] requisite to protect the public
welfare from any known or anticipated adverse effects associated with the presence of [the]
pollutant in the ambient air.” Welfare effects as defined in section 302(h) [42 U.S.C. 7602(h)]
include but are not limited to “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 effects on economic values and on personal comfort and
well-being.”

Section 109(d) of the Act directs the Administrator to review existing criteria and
standards at 5-year intervals. When warranted by such review, the Administrator is to retain or
revise the NAAQS. After promulgation or revision of the NAAQS, the standards are
implemented by the States.

1.2 Role of the Regulatory Impact Analysis in the NAAQS Setting Process
1.2.1 Legislative Roles

In setting primary ambient air quality standards, EPA’s responsibility under the law is to
establish standards that protect public health, regardless of the costs of implementing a new
standard. The Clean Air Act requires EPA, for each criteria pollutant, to set a standard that
protects public health with “an adequate margin of safety.” As interpreted by the Agency and
the courts, the Act requires EPA to create standards based on health considerations only.

The prohibition against the consideration of cost in the setting of the primary air quality
standard, however, does not mean that costs or other economic considerations are
unimportant or should be ignored. The Agency believes that consideration of costs and benefits
are essential to making efficient, cost effective decisions for implementation of these
standards. The impact of cost and efficiency are considered by states during this process, as
they decide what timelines, strategies, and policies make the most sense. This RIA is intended
to inform the public about the potential costs and benefits that may result when a new NO,
standard is implemented, but is not relevant to establishing the standards themselves.
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1.2.2 Role of Statutory and Executive Orders

There are several statutory and executive orders that dictate the manner in which EPA
considers rulemaking and public documents. This document is separate from the NAAQS
decision making process, but there are several statutes and executive orders that still apply to
any public documentation. The analysis required by these statutes and executive orders is
presented in Chapter 9.

EPA presents this RIA pursuant to Executive Order 12866 and the guidelines of OMB
Circular A-4." These documents present guidelines for EPA to assess the benefits and costs of
the selected regulatory option, as well as one less stringent and one more stringent option.
OMB circular A-4 also requires both a benefit-cost and a cost-effectiveness analysis for rules
where health is the primary effect. Within this RIA we provide a benefit-cost analysis.
Methodological and data limitations prevent us from performing a cost-effectiveness analysis
and a meaningful more formal uncertainty analysis for this RIA.

The final NAAQS is a new short-term NO, standard based on the 3-year average of the
9g™" percentile of 1-hour daily maximum concentrations, establishing a new standard of 100
ppb. We also analyzed a lower level of 80 parts per billion (ppb) and an upper level of 125 ppb.
It is important to reiterate that this analysis does not attempt to estimate attainment or
nonattainment for any areas of the country other than those counties currently served by one
of the 409 monitors in the current network.

1.2.3 Market Failure or Other Social Purpose

OMB Circular A-4 indicates that one of the reasons a regulation such as the NAAQS may
be issued is to address market failure. The major types of market failure include: externality,
market power, and inadequate or asymmetric information. Correcting market failures is one
reason for regulation, but it is not the only reason. Other possible justifications include
improving the function of government, removing distributional unfairness, or promoting
privacy and personal freedom.

An externality occurs when one party’s actions impose uncompensated benefits or costs
on another party. Environmental problems are a classic case of externality. For example, the
smoke from a factory may adversely affect the health of local residents while soiling the
property in nearby neighborhoods. If bargaining was costless and all property rights were well

! U.S. Office of Management and Budget. Circular A-4, September 17, 2003, available at
<http://www.whitehouse.gov/omb/circulars/a004/a-4.pdf>.
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defined, people would eliminate externalities through bargaining without the need for
government regulation. From this perspective, externalities arise from high transaction costs
and/or poorly defined property rights that prevent people from reaching efficient outcomes
through market transactions.

Firms exercise market power when they reduce output below what would be offered in
a competitive industry in order to obtain higher prices. They may exercise market power
collectively or unilaterally. Government action can be a source of market power, such as when
regulatory actions exclude low-cost imports. Generally, regulations that increase market power
for selected entities should be avoided. However, there are some circumstances in which
government may choose to validate a monopoly. If a market can be served at lowest cost only
when production is limited to a single producer of local gas and electricity distribution services,
a natural monopoly is said to exist. In such cases, the government may choose to approve the
monopoly and to regulate its prices and/or production decisions. Nevertheless, it should be
noted that technological advances often affect economies of scale. This can, in turn, transform
what was once considered a natural monopoly into a market where competition can flourish.

Market failures may also result from inadequate or asymmetric information. Because
information, like other goods, is costly to produce and disseminate, an evaluation will need to
do more than demonstrate the possible existence of incomplete or asymmetric information.
Even though the market may supply less than the full amount of information, the amount it
does supply may be reasonably adequate and therefore not require government regulation.
Sellers have an incentive to provide information through advertising that can increase sales by
highlighting distinctive characteristics of their products. Buyers may also obtain reasonably
adequate information about product characteristics through other channels, such as a seller
offering a warranty or a third party providing information.

There are justifications for regulations in addition to correcting market failures. A
regulation may be appropriate when there are clearly identified measures that can make
government operate more efficiently. In addition, Congress establishes some regulatory
programs to redistribute resources to select groups. Such regulations should be examined to
ensure that they are both effective and cost-effective. Congress also authorizes some
regulations to prohibit discrimination that conflicts with generally accepted norms within our
society. Rulemaking may also be appropriate to protect privacy, permit more personal freedom
or promote other democratic aspirations.

From an economics perspective, setting an air quality standard is a straightforward case
of addressing an externality, in this case where entities are emitting pollutants, which cause
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health and environmental problems without compensation for those suffering the problems.
Setting a standard with a reasonable margin of safety attempts to place the cost of control on
those who emit the pollutants and lessens the impact on those who suffer the health and
environmental problems from higher levels of pollution.

1.2.4 lllustrative Nature of the Analysis

This NO, NAAQS RIA is an illustrative analysis that provides useful insights into a limited
number of emissions control scenarios that states might implement to achieve a revised NO,
NAAQS. Because states are ultimately responsible for implementing strategies to meet any
revised standard, the control scenarios in this RIA are necessarily hypothetical in nature. They
are not forecasts of expected future outcomes. Important uncertainties and limitations are
documented in the relevant portions of the analysis.

The illustrative goals of this RIA are somewhat different from other EPA analyses of
national rules, or the implementation plans states develop, and the distinctions are worth brief
mention. This RIA does not assess the regulatory impact of an EPA-prescribed national or
regional rule such as the Clean Air Interstate Rule, nor does it attempt to model the specific
actions that any state would take to implement a revised NO, standard. This analysis attempts
to estimate the costs and human and welfare benefits of cost-effective implementation
strategies which might be undertaken to achieve national attainment of new standards. These
hypothetical strategies represent a scenario where states use one set of cost-effective controls
to attain a revised NO, NAAQS. Because states—not EPA—will implement any revised NAAQS,
they will ultimately determine appropriate emissions control scenarios. State implementation
plans would likely vary from EPA’s estimates due to differences in the data and assumptions
that states use to develop these plans.

The illustrative attainment scenarios presented in this RIA were constructed with the
understanding that there are inherent uncertainties in projecting emissions and controls.
Despite these limitations, EPA has used the best available data and methods to produce this
RIA.

1.3 Overview and Design of the RIA

This Regulatory Impact Analysis evaluates the costs and benefits of hypothetical
national strategies to attain several potential revised primary NO, standards. The document is
intended to be straightforward and written for the lay person with a minimal background in
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chemistry, economics, and/or epidemiology. Figure 1-1 provides an illustration of the process

Figure 1-1: The Process Used to Create this RIA

Use air quality monitoring Determine sources of Determine baseline: estimated
and modeling data to NO, emissions in areas emission reductions to meet
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quality changes from

application of simulated
emission reductions

1.3.1 Baseline and Years of Analysis

It is important to note that no current monitors in the (area-wide) network are
projected to violate the final NAAQS level of 100 ppb in 2020, assuming a baseline of no
additional control beyond the controls expected from rules that are already in place (including
the current PM, s and ozone NAAQS). The analysis year for this regulatory impact analysis is
2020, which approximates the required attainment year under the Clean Air Act.” For purposes
of this analysis, we assess attainment by 2020 for all areas. Some areas for which we assume
2020 attainment may in fact need more time to meet one or more of the analyzed standards,
while others will need less time. This analysis does not prejudge the attainment dates that will
ultimately be assigned to individual areas under the Clean Air Act.

The methodology first estimates what baseline NO; levels might look like in 2020 with
existing Clean Air Act programs, including application of controls to meet the current NO,
NAAQS, various rules addressing mobile source emissions, various maximum achievable control
technology (MACT) standards, and the revised particulate matter (PM) and ozone (Os) NAAQS

2 Although the actual attainment year is likely to be 2017, time and resource limitations dictated use of pre-existing
model runs, which all focused on 2020. In addition, we do not have emission inventory projections for 2017; such
projections are done for 5-year intervals.
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standards. It is important to note that as a result of these rules, NOx emissions nationally are
expected to decrease about 48% over the period for this analysis (2002-2020).% The analysis
then predicts the change in NO, levels following the application of additional controls to reach
tighter alternative standards. This allows for an analysis of the incremental change between
the current standard and alternative standards. Since NO, is a precursor of both ozone and PM,
it is important that we account for the impact on NO, concentrations of both the NO, controls
used in the hypothetical control scenario in the ozone NAAQS RIA, and the NO, and PM controls
used in the hypothetical control scenario in the PM NAAQS RIA, so as to avoid double counting
the benefits and costs of these controls.

1.3.2 Control Scenarios Considered in this RIA

The final NAAQS is a new short-term NO, standard based on the 3-year average of the
ggth percentile of 1-hour daily maximum concentrations, establishing a new standard of 100
ppb. We also analyzed a lower level of 80 parts per billion (ppb) and an upper level of 125 ppb.

In this RIA, we projected current area-wide monitor values to future year monitor values
directly, using future year CMAQ modeling outputs that take into account expected changes in
emissions from 2006 to 2020. Because a near-roadway monitoring network does not currently
exist, it was not possible to do this same direct projection into the future for near-roadway
peaks. Because short-term peak exposures may occur near roadways, we conducted an
analysis to approximate such peak exposures. This analysis relies on current and future
estimated air quality concentrations at area-wide monitors, making adjustments to future year
projections using derived estimates of the relationship between future year area-wide air
guality peaks and current near-roadway peaks. The area-wide air quality peaks are adjusted
using a gradient multiplier to simulate the monitors being near the road. The concentrations
are further adjusted, using relationships between onroad and total emissions (all sources) to
account for the fact that as the monitors are made "near-road" monitors, they will be affected
more by onroad emissions reductions than if they were area-wide monitors. This analysis,
which effectively extrapolates future year near-roadway air quality from projected area-wide
concentrations, represents a screening level approximation with significant additional
uncertainties.

* The NO, NAAQS is based on 2002V3 inventories and projections to 2020. Data summaries can be found at:
http://www.epa.gov/ttn/chief/emch/index.htmI#2002. See the compressed Excel workbook for 2002 and 2020
"2020cc-2002cc_20070925.zip".
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1.3.3 Evaluating Costs and Benefits

Because the final NAAQS is based on expected near-roadway (peak) exposures, the RIA
for the final NAAQS focuses on the near-roadway analysis (which was included in the RIA for
the proposed NAAQS as an alternative analysis). For the final RIA, we analyzed the impact that
additional emissions controls would have on predicted ambient NO, concentrations,
incremental to the baseline set of controls. Thus the modeled analysis for a revised standard
focuses specifically on incremental improvements beyond the current standards, and uses
control options that might be available to states for application by 2020.

Although no current monitors in the (area-wide) network are projected to violate the
final NAAQS level of 100 ppb in 2020, assuming a baseline of no additional control beyond the
controls expected from rules that are already in place (including the current PM, s and ozone
NAAQS). We recognize that once a network of near-roadway monitors is put in place, more
areas could find themselves exceeding the new hourly NO, NAAQS. This methodology enabled
us to evaluate nationwide costs and benefits of attaining a tighter NO, standard using
hypothetical strategies.*

To streamline this RIA, this document refers to several previously published documents,
including two technical documents EPA produced to prepare for promulgation of the NO,
NAAQS. The first was the Integrated Science Assessment created by EPA’s Office of Research
and Development (U.S. EPA, 2007), which presented the latest available pertinent information
on atmospheric science, air quality, exposure, health effects, and environmental effects of NO,.
The second was a risk and exposure assessment (REA) (U.S. EPA, 2008) for various standard
levels. The REA also includes staff conclusions and recommendations to the Administrator
regarding potential revisions to the standards.

1.4 NO, Standard Alternatives Considered

EPA has performed an illustrative analysis of the potential costs and human health and
visibility benefits of nationally attaining the final NO, NAAQS of 100 ppb, as well as a lower
bound of 80 ppb and an upper bound of 125 ppb. Note that our projections indicated no
counties in 2020 that would have ambient 1-hour peak levels as high as the final NAAQS
standard of 100 ppb in 2020, assuming a baseline of no additional control beyond the controls
expected from rules that are already in place (including the current PM, s and ozone NAAQS),

* Because the secondary NO, NAAQS is under development in a separate regulatory process, no additional costs
and benefits were calculated in this RIA.
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and solely within the bounds of the existing monitoring network. The benefit and cost estimates
below are calculated incremental to a 2020 baseline that incorporates air quality improvements
achieved through the projected implementation of existing regulations and full attainment of
the existing ozone and PM National Ambient Air Quality Standards (NAAQS). The baseline also
includes the MACT program, the clean air interstate rule (CAIR), and implementation of current
consent decrees, all of which would help many areas move toward attainment of the proposed
NO, standard.

1.5 References

U.S. Environmental Protection Agency (U.S. EPA). 1970. Clean Air Act. 40 CFR 50.

U.S. Environmental Protection Agency (U.S. EPA). 2007. Review of the National Ambient Air
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U.S. Environmental Protection Agency (U.S. EPA). 2008. Review of the National Ambient Air
Quality Standards for NO;: Risk and Exposure Assessment. Office of Air Quality Planning and
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Chapter 2: Air Quality Analysis

Synopsis

This chapter describes the NOx emissions, NO, monitoring network, and approach used
to calculate 2020 baseline near-roadway NO; design values and the amount of emissions
reductions needed to attain alternative levels of the 1-hour NO, NAAQS. We first describe data
on NO, emission sources contained in available EPA emission inventories. We then provide an
overview of data sources for air quality measurement, and finally the methodology used to
project NO, levels to 2020. For a more in-depth discussion of NO, emissions and air quality
data, see the Integrated Science Assessment for the NO, NAAQS (EPA, 2007a).

2.1 Sources of NO,

The primary data source for this discussion is the National Emissions Inventory (NEI) for
2002 (USEPA, 2007b). Ambient levels of NO, are the product of both direct NO, emissions and
emissions of other NOx (e.g., NO), which can then be converted to NO, through reaction with
ozone. Nationally, anthropogenic sources account for approximately 87% of total NOx
emissions. (Apart from these anthropogenic sources, there are also natural sources of NOx
including microbial activity in soils, lightning, and wildfires.)

Stationary sources (e.g., electrical utilities and industry) account for about 40% of the
national anthropogenic NOx emissions in the 2002 NEI. The main stationary sources of NOx
emissions in the 2002 NEI are combustion-related emissions and industrial process-related
emissions. Table 2-1 presents emissions estimates for stationary sources grouped into
descriptive categories. Presence and relative position of a source category on this list does not
necessarily provide an indication of the significance of the emissions from individual sources
within the source category. A source category, for example, may be composed of many small
(i.e., low-emitting) sources, or of just a few very large (high-emitting) sources.

Mobile sources (both on-road and non-road) account for about 60% of the national
anthropogenic NOx emissions in the 2002 NEI. Highway vehicles represent the major mobile
source component. In the United States, approximately half the mobile source emissions are
contributed by diesel engines and half are emitted by gasoline-fueled vehicles and other
sources.

As a result of Clean Air Act requirements, emissions standards promulgated for many
source categories have taken effect since 2002, including numerous mobile source standards
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for gasoline and diesel vehicles/engines, and are projected to result in much lower emissions of
both direct NO, and other NOx at the current time or in the near future.

Table 2-1. NOx Sources (2002 NEI)

NOx Source Category Emissions (tons/year)
Electric Utility Fuel Combustion 3,792,292
Industrial Fuel Combustion 1,897,944
Fuel Combustion, other 730,259
Chemical and Allied Product Manufacturing 60,901
Metals Processing 66,173
Petroleum and Related Industries 358,223
Industrial Processes, other 482,007
Solvent Utilization 4,365
Storage and Transport 16,109
Waste Disposal and Recycling 145,678
Highway Vehicles 6,491,821
Off-highway Vehicles 6,027,085
Miscellaneous Source Categories 270,913
Total 20,343,770

2.2 Air Quality Monitoring Data
2.2.1 Background on NO, monitoring network

From its inception in the late 1970’s through the present (2008), the NO, network has
remained relatively stable with regard to the number of monitoring sites (see memo by
Watkins, 2008). As of October 2008, there were 409 NOx monitors within the U.S. actively
reporting NO, data to the air quality system AQS. The NO, network was originally deployed to
support implementation of the NO, NAAQS established in 1971. The first requirements for NO,
monitoring were issued in May 1979. At that time, 40 CFR Part 58, Appendix D, section 3.5
stated:

“Nitrogen Dioxide NAMS [National Ambient Monitoring Stations, now a defunct term]
will be required in those areas of the country which have a population greater than
1,000,000. These areas will have two NO, NAMS. It is felt that stations in these major
metropolitan areas would provide sufficient data for a national analysis of the data, and
also because NO; problems occur in areas of greater than 1,000,000. Within urban
areas requiring [NO,] NAMS, two permanent monitors are sufficient. The first station
(category (a), middle scale or neighborhood scale) would be to measure the
photochemical production of NO, and would best be located in that part of the urban
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area where the emission density of NOx is the highest. The second station (category (b)
urban scale), would be to measure the NO, produced from the reaction of NO with Os
and should be downwind of the area peak NOx emission areas.”

In the October, 2006 monitoring rule, these NO, monitoring requirements were
removed from the CFR due in part to the absence of any NO, non-attainment problems under
the current standards. In the 2006 rule, EPA rewrote 40 CFR Part 58, Appendix D, section 4.3 to
state that:

“There are no minimum requirements for the number of NO, monitoring sites.
Continued operation of existing SLAMS [State and Local Ambient Monitoring Station]
NO, sites using FRM [Federal Reference Method] or FEM [Federal Equivalent Method] is
required until discontinuation is approved by the EPA Regional Administrator. Where
SLAMS NO, monitoring is ongoing, at least one NO; site in the area must be located to
measure the maximum concentration of NO,.”

As noted earlier, the size of the NO, network has been fairly stable through time, even though
an actual requirement for state and local air agencies to monitor NO,, other than for
Photochemical Assessment Monitoring Stations (PAMS) or Prevention of Significant
Deterioration (PSD), was removed in the 2006 monitoring rule. The maintenance of the NO,
monitoring network has been driven by several factors, including the need to support ozone
modeling and forecasting, the need to track PM precursors, and a general desire on the part of
states to continue to understand trends in ambient NO,.

To characterize the current NO, network, staff has reviewed the NO, network meta-
data. The data reviewed are those available from AQS in October 2008, for monitors reporting
data in 2008. The meta-data fields are typically created by state and local agencies when a
monitor site is initiated, moved, or re-characterized. While these files are useful for
characterizing specific monitors, there is some uncertainty surrounding this meta-data given
that there is no routine or enforced process for updating or correcting meta-data fields. With
this uncertainty in mind, staff has compiled information on the monitoring objectives and
measurement scales for monitors in the NO;, network.

The monitor objective meta-data field describes the purpose of the monitor. For
example the purpose of a particular monitor could be to characterize health effects,
photochemical activity, transport, and/or welfare effects. As of October 2008, there were 489
records of NO, monitor objective values (some monitors have multiple monitor objectives).
Table 2-2 lists the distribution of monitoring objectives across the network. There are 12
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categories of monitor objectives for NO, monitors within AQS. The “other” category is for sites

likely addressing a state or local need outside of the routine objectives, and the “unknown”

category represents missing meta-data. The remaining categories stem directly from

categorizations of site types within CFR. In 40 CFR Part 58 Appendix D, there are six examples

of NO, site types:

1. Sites located to determine the highest concentration expected to occur in the
area covered by the network (Highest Concentration).

2. Sites located to measure typical concentrations in areas of high population
(Population Exposure).

3. Sites located to determine the impact of significant sources or source categories
on air quality (Source Oriented).

4. Sites located to determine general background concentration levels (General
Background).

5. Sites located to determine the extent of regional pollutant transport among
populated areas; and in support of secondary standards (Regional Transport).

6. Sites located to measure air pollution impacts on visibility, vegetation damage,

or other welfare-based impacts (Welfare Related Impacts).

The remaining four categories represent available site types for Photochemical
Assessment Monitoring Stations (PAMS) network. These PAMS site types are described in 40
CFR Part 58 Appendix D:

1.

2.

3.

4.

Type 1 sites are established to characterize upwind background and transported
ozone and its precursor concentrations entering the area and will identify those
areas which are subjected to transport (Upwind Background).

Type 2 sites are established to monitor the magnitude and type of precursor
emissions in the area where maximum precursor emissions are expected to
impact and are suited for the monitoring of urban air toxic pollutants (Maximum
Precursor Impact).

Type 3 sites are intended to monitor maximum ozone concentrations occurring
downwind from the area of maximum precursor emissions (Maximum Ozone
Concentration).

Type 4 sites are established to characterize the downwind transported ozone
and its precursor concentrations exiting the area and will identify those areas
which are potentially contributing to overwhelming transport in other areas
(Extreme Downwind).
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Table 2-2: NO, Network Distribution of Monitor Objectives.

NO, Monitor Number of Monitor Objective Percent Distribution

Objective Records

Population Exposure 177 36.20

Highest Concentration 58 11.86

General Background 51 10.43

Max. Precursor Impact (PAMS Type 21 4.29

2 Site)

Source Oriented 19 3.89

Upwind Background (PAMS Type 1 18 3.68

Site)

Regional Transport 12 2.45

Other 9 1.84

Max. Ozone Concentration (PAMS 8 1.64

Type 3 Site)

Extreme Downwind (PAMS Type 4 3 0.61

Site)

Welfare Related Impacts 1 0.20

Unknown 112 22.90
Totals: 489 100%

The meta-data for the NO, network also indicate the measurement scale represented by each
particular monitor. The definitions of measurement scales can be found in 40 CFR Part 58,
Appendix D, Section 1 “Monitoring Objectives and Spatial Scales.” This part of the regulation
spells out what data from a monitor can represent in terms of air volumes associated with area
dimensions:

Microscale - 0 to 100 meters

Middle Scale - 100 to 500 meters
Neighborhood Scale - 500 meters to 4 kilometers
Urban Scale - 4 to 50 kilometers

Regional Scale - 50 kilometers up to 1000km

There are 386 NO, monitor records in AQS with available measurement scale data. Table 2-3
shows the measurement scale distribution across all NO, sites form the available data in AQS of
monitors reporting data in 2008.
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Table 2-3: NO, Network Distribution across Measurement Scales.

Measurement Scale Number of Measurement Scale Percent Distribution
Records

Microscale 3 0.78
Middle Scale 23 5.96
Neighborhood 212 54.92
Urban Scale 119 30.83
Regional Scale 29 7.51

Totals: 386 100%

Many of the monitors used in the analyses presented here, especially for the near-road
adjustment calculations, are defined as area-wide monitors. These are monitors that would
meet the following criteria:
e Neighborhood, urban, or regional scale (based on measurement scale)
e Not asite identified as being operated by industry
e If the monitor is a neighborhood scale monitor, its monitor objective is not highest
concentration and its dominant source is not a point source.

The criteria above will be used to identify monitors to adjust for near-road conditions in
Section 2.3.2.2. More details about monitor classification can be found in Appendix 2.

In summary, the NO, network is primarily targeting public health and photochemical
process monitoring objectives. Nearly half of the monitor objective records are directly
targeting public health through the population exposure (36.2%) and highest concentration
(11.8%) categories alone. The other categories serve to inform public health concerns, but also
address photochemistry issues where NOx serves as a precursor to ozone. Further, it appears
that approximately 10% of NO, monitors are in place to serve the PAMS network. In reality, a
large majority of sites likely could serve both public health and photochemistry related
objectives due to their proximity to urban areas. The exceptions would likely be categories
such as upwind background, extreme downwind, regional transport, and possibly maximum O3
concentration. These four categories only represent approximately 7% of the NO, network, and
have a higher likelihood of being rural and regional in scale.

2.2.2 Trends in and characterizations of ambient concentrations of NO,
As noted above, NO, is monitored largely in urban areas and, therefore, data from the
NO, monitoring network is generally more representative of urban areas than rural areas.

According to monitoring data, nationwide levels of ambient NO, (annual average) decreased
41% between 1980 and 2006 (ISA, Figure 2.4-15). Between 2003 and 2005, national mean
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concentrations of NO, were about 15 ppb for averaging periods ranging from a day to a year.
The average daily maximum hourly NO, concentrations were approximately 30 ppb. These
values are about twice as high as the 24-h averages. The highest maximum hourly
concentrations (~200 ppb) between 2003 and 2005 are more than a factor of ten higher than
the mean hourly or 24-h concentrations (ISA, Figure 2.4-13). The monthly highest levels of NO,
in the United States can be found in and around Los Angeles, in the Midwest, and in the
Northeast. Local maxim around Denver, CO, Salt Lake City, UT, and El Paso, TX can also be
found (ISA, Figure 2.4-14) Policy-relevant background concentrations, which are those
concentrations that would occur in the United States in the absence of anthropogenic
emissions in continental North America (defined here as the United States, Canada, and
Mexico), are estimated to range from only 0.1 ppb to 0.3 ppb on an annual basis (ISA, section
2.4.6).

Ambient levels of NO, exhibit both seasonal and diurnal variation. In southern cities,
such as Atlanta, higher concentrations are found during winter, consistent with the lowest
mixing layer heights being found during that time of the year. Lower concentrations are found
during summer, consistent with higher mixing layer heights and increased rates of
photochemical oxidation of NO,. For cities in the Midwest and Northeast, such as Chicago and
New York City, higher levels tend to be found from late winter to early spring with lower levels
occurring from summer though the fall. In Salt Lake City, higher concentrations tend to be
found in winter in association with winter temperature inversions. In Los Angeles the highest
levels tend to occur from autumn though early winter and the lowest levels from spring though
early summer. Mean and peak concentrations in winter can be up to a factor of two larger than
in the summer at sites in Los Angeles. In terms of daily variability, NO, levels typically peak
during the morning rush hours. Monitor siting plays a key role in evaluating diurnal variability
as monitors located further away from traffic will show cycles that are less pronounced over the
course of a day than monitors located closer to traffic.

2.2.3 Uncertainty Associated with the Ambient NO, Monitoring Method

As has been acknowledged by the Agency and the scientific community for some time,
the most prevalently used measurement method for estimating ambient NO, levels (i.e.,
subtraction of NO from a measure of total NOx) is subject to interference by NOx oxidation
products. Limited evidence from some studies suggests that these interferences could result in
an overestimate of NO; levels by roughly 20 to 25% at typical ambient levels. However, smaller
relative errors are estimated to occur in measurements taken near strong NOx sources since
most of the mass emitted as NO or NO, would not yet have been further oxidized. Relatively
larger errors appear in locations more distant from strong local NOx sources. Two additional
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sources of uncertainty in NO, measurements can result from monitor siting. First, many NO,
monitors are located above ground level in the cores of large cities. Because most sources of
NO, are near ground level (i.e., combustion emissions from traffic), higher levels NO,
concentrations exist near ground level and lower levels being detected at the elevated
monitors. One comparison has found an average of a 2.5-fold increase in NO, concentration
measured at 4 meters above the ground compared to 15 meters above the ground. The ISA
notes that levels are likely even higher at elevations below 4 meters (ISA, section 2.5.3.3).
Second, NO, monitors are currently sited to determine annual regional levels rather than to
capture small-scale variability in NO, concentrations near sources such as roadway traffic.
Significant gradients in NO, concentrations near roadways have been observed in several
studies, and NO, concentrations have been found to be negatively correlated with distance
from roadway and traffic volume (ISA, section 2.5.3.2).

2.3 Air Quality Analysis

The principle objective of this air quality analysis is to estimate 2020 design values® that
reflect maximum concentrations, compare these estimates to alternative levels of the NO,
NAAQS, and determine the emission reductions required to reduce NO, air quality
concentrations to below these various levels. Two challenges exist: estimating future levels
given reductions from promulgated control programs and determining these future levels in
locations where we expect maximum short term concentrations to occur. The first challenge is
typical of RIA analyses and the second is unique to NO, because the monitoring network is not
currently optimized to represent maximum short term levels. Such levels are expected to occur
near roads but the monitoring network, while urban in its orientation, is oriented to area-wide
measurements. In order to overcome the absence of a current near road monitoring network,
we have used scientific literature on the gradients between near road levels and those locations
at various distances from roads to estimate near road levels. In other words, we are adjusting
NO, levels from area wide locations to attempt to approximate near road conditions.

The alternative levels of the NO, NAAQS being analyzed are 80, 100, and 125 ppb based
on design values calculated using the 3-year average of the 9g™" percentile 1-hour daily
maximum concentrations based on the monitoring network described in section 2.2 with
adjustments for a near-road network. The projected 2020 baseline NO, design values are used
to identify 2020 nonattainment counties and to calculate, for each such county, the amount of
reduction in NO, concentration necessary to attain the alternative levels of the NAAQS. This
section also describes the approach for calculating “ppb NO, concentration per ton NOx

A design value is a statistic that describes the air quality status of a given area relative to the level of the National
Ambient Air Quality Standards (NAAQS). http://www.epa.gov/airtrends/values.html
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emissions” ratios that are used to estimate the amount of NOx emissions reductions that may
be needed to provide for attainment of the alternative NO, standards. As described below, the
air quality analysis relies on NO, predictions from simulations of the Community Multiscale Air
Quality (CMAQ) model coupled with ambient 2005-2007 design values and emissions data to
project 2020 NO, design value concentrations and the “ppb per ton” ratios. A description of
CMAQ is provided in the Ozone NAAQS RIA Air Quality Modeling Platform Document (U.S. EPA,
2008a).

2.3.1 2005-2007 Design Values

The form of the final NO, standard is the 3-year average of the 98" concentration of the
daily 1-hour maximum concentration for each year using measurements from the monitoring
network described in Section 2.2. The first step in calculating the 3-year 2005-2007 design
values is to identify the maximum 1-hour concentration for every day during the three years
2005 through 2007. Next, the 9g™" percentile concentration of these daily 1-hour maximum
concentrations is calculated for each year. The ggth percentile concentrations for each year are
averaged to determine a 3-year average concentration. Only monitors that had valid
measurements for at least 75% of the day, 75% of the days in a quarter, and all 4 quarters for
all three years were considered to have sufficient data completeness to be representative and
were thereby included in the analysisz. In 2007, there were 435 monitors (259 counties) for
NO, nationwide. Of those 435 monitors, 256 monitors (160 counties) met the criteria described
above. Appendix 2a contains the complete list of 2005-2007 design values used in calculation
of the 2020 design values. Note that Hawaiian monitors were excluded from the air quality
analysis because there was no CMAQ data over Hawaii. This decreased the number of monitors
and counties used in the analysis to 255 monitors and 159 counties

In Figure 2-1, the Core Based Statistical Areas’ (CBSA) with populations greater 350,000
people are shown along with the number of monitors in each CBSA (CBSAs outside the
continental U.S. are not included). Those with zero monitors have no monitors because: 1) no
monitor was in the CBSA or 2) the monitors in the CBSA did not meet the completeness criteria
described above. The number of monitors in Figure 2-1 represents 210 of the 255 monitors.
The remaining 45 monitors were either in CBSAs with populations less than 350,000 people or
not located in a CBSA. Figure 2-2 shows the population of the CBSAs shown in Figure 2-1.
Figure 2-3 shows the population of the CBSAs within several population categories for CBSAs
with population greater than 350,000 people. Shown are populations for CBSAs with monitors
in the 2005-2007 period (green bars), those that have monitors but were excluded due to data
completeness (yellow bars) and those CBSAs currently not monitored (orange bars). Also shown

% Email from Rhonda Thompson to James Thurman, January 22, 2009.
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in each bar are the number of CBSAs in each population category. As can be seen by Figure 2-3,
approximately 160 million people are in CBSAs that have at least one monitor in 2005-2007.
Also, CBSAs with populations greater than 1 million people are represented in the analyses
presented here. The large urban centers such as New York, Los Angeles, and Chicago are
represented. Notable CBSAs not included in the analyses are: Detroit, Baltimore, Las Vegas
and Seattle. While Detroit, Baltimore, and Las Vegas do have monitors, they were excluded
due to incomplete data in 2005-2007, Seattle is currently the largest CBSA without monitors.
As part of the new monitoring requirements, Seattle will have at least two monitors as the
population of the CBSA is over 2.5 million.

Table 2a-1 in Appendix 2a lists the CBSAs with and the number of monitors from each
area used in the analysis and Table 2a-2 lists the CBSAs with populations greater than 350,000
people not included in the analyses. In Table 2a-2 in Appendix A, the CBSA area for each of the
255 monitors is also listed.
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Figure 2-1: Number of monitors per CBSA for CBSAs with 2007 population greater than
350,000 people
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Figure 2-2: Populations of CBSAs with 2007 populations greater than 350,000 people
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Figure 2-3: Total population and number of CBSAs for several population categories
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2.3.2 Calculation of 2020 Projected Design Values

The 2020 baseline design values were calculated in a two step process. First, the 2005-
2007 design values, which represented area-wide design values, were projected to 2020 using
CMAQ concentrations and county-level emissions. This yielded a 2020 area-wide design value.
Second, the projected 2020 area-wide design values were adjusted to simulate near-road
concentrations. This adjustment involves two steps: (1) using concentrations gradients at
distances from roadways from the scientific literature (i.e., 30, 65, and 100%); and an
adjustment to account for the greater efficacy of onroad controls to near-road monitors in the
future. This section describes the processing in the projection of 2005-2007 design values to
2020 near-road design values.

2.3.2.1 Calculation of 2020 area-wide design values

The 2020 baseline area-wide design values were determined using CMAQ
concentrations for 2002 and 2020 and county emissions for 2002, 2006, and 2020. The CMAQ
daily 1-hour maximum concentrations from 2002 and 2020 were used to calculate a relative
response factor (RRF). The daily 1-hour maximum NO, concentrations in 2002 and 2020 were
obtained from CMAQ runs performed for the ozone RIA (U.S. EPA, 2008b). The modeled NOx
emissions in the CMAQ runs reflect reductions from federal programs including the Clean Air
Interstate Rule (EPA, 2005a), the Clean Air Mercury Rule (EPA, 2005b), the Clean Air Visibility
Rule (EPA, 2005c), the Clean Air Nonroad Diesel Rule (EPA, 2004), the Light-Duty Vehicle Tier 2
Rule (EPA, 1999), the Heavy Duty Diesel Rule (EPA, 2000); proposed rules for Locomotive and
Marine Vessels (EPA, 2007c) and for Small Spark-Ignition Engines (EPA, 2007d); and national,
state and local level mobile and stationary source controls identified for additional reductions
in emissions for the purpose of attaining the current PM 2.5 and Ozone standards®.

In brief, these CMAQ runs were performed at 12 km horizontal resolution for two
modeling domains which, collectively, cover the lower 48 States and adjacent portions of
Canada and Mexico. The boundaries of these two domains are shown in Figure 2-4. For 2020
we used CMAQ-predicted NO, concentrations from the Ozone NAAQS RIA control case. The
CMAQ output represents concentrations based on emissions needed to attain an ozone
standard of 0.070 ppm. We will refer to these concentrations and associated emissions as

* It should be noted that the emission reductions modeled for the PM2.5 and Ozone standards represent one
possible control scenario, while the actual control strategies and resulting levels of emission reductions will be
determined as part of the process of developing and implementing state implementation plans over the coming
years. We should also note that since the finalization of these recent NAAQS standards, several of the proposed
mobile source rules mentioned above have been finalized with updated analyses showing slightly greater levels of
expected NOx reductions.
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2020 _070. As is standard analytic practice used in other RIAs previously, in order to align the
base year modeled NO, data with the mid-point of the 2005-2007 design value period, we used
the relationship between 2002 and 2006 NOx emissions used to estimate the 2002 NO, model-
predicted concentrations to 2006. In addition to NOx emissions for the modeled 2002_070
(base emissions used in the projected 2020 0.070 ppm standard case) scenario, we calculated
emissions for the 2020 baseline scenario, based on an emissions forecast described in Chapter 4
of the ozone RIA (EPA, 2008b). We refer to this inventory as 2020 _075. This inventory contains
emission reductions for 21 counties that did not meet the 0.070 ppm standard or less stringent
0.075 ppm standard (EPA, 2008b). In these 21 counties, across the board reductions of 30%,
60%, and 90% were made in the areas encompassing parts of California, Texas (centered on
Houston), the Midwest (Chicago and Detroit areas), and the Northeast (portions of eastern
Pennsylvania, New York, New Jersey, Maryland, Delaware, and Connecticut. These reductions
were made to in an attempt to attain the 0.070 ppm standard. These are referred to as Phase |
areas in the ozone RIA and can be seen in Figure 4.1 of the ozone RIA (EPA, 2008b. The RRF
values and emissions were used to forecast 2020 design values and the amount of residual
nonattainment at each monitored location.

The following are the steps used in calculating 2020 baseline NO, design values from the
2005-2007 monitor design values and CMAQ NO; concentrations for the 2002 and 2020_070
scenarios. Ambient monitored data were assigned to CMAQ grid cells using ArcGIS. Since there
were areas of the country where the eastern and western domains overlapped, monitors in
these overlapping areas were assigned to the eastern or western grid cells by using a
“combined grid.” This combined grid was a mesh of the eastern and western domains, with
overlapping areas assigned eastern grid cells or western grid cells based on the location relative
to the dividing line shown in Figure 2-4. Figure 2-4 also shows the assignment of monitors to
the two domains. An example of monitors in both domains was the El Paso County monitors.
These monitors were assigned to the western domain.
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Figure 2-4: CMAQ 12 km domains and monitors used in air quality analyses. The western
domain is outlined in blue and the eastern domain outlined in red. The black vertical line
denotes the dividing line to assign monitoring sites to either the eastern or western domains.
Monitors in red were assigned to the eastern domain and monitors in blue were assigned to
the western domain.

The steps in projecting the 2020 area-wide design values were:

1. Beginning with 12-km CMAQ output, we calculated daily 1-hour maximum
concentrations for each grid cell for 2002 and 2020_070 model output. For each grid
cell, the top 10 daily 1-hour maximum concentrations for 2002 were averaged (Cyo02).
For 2020_070, the daily 1-hour maximum concentrations for the same calendar days
corresponding to the top ten days in 2002 were also averaged (Cz020 070)-

2. Relative response factors (RRF¢) were calculated by dividing the average of the

2020_070 concentrations by the average of the 2002 concentrations from step 1
(Equation 2.1).

c
RRF, =220 (2.1)

2002
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3. Monitors were assigned 2002, 2006, 2020_070, and 2020_075 county-wide emissions
for the counties in which they were located. The 2020 baseline area-wide design values
(i.e., using 2020_075 scenario emissions) were calculated by:

a. An emissions relative response factor (RRFg.2020 070) Was calculated to represent
the emission changes from 2002 (E;q0,) to 2020_070 (E2020 070) @s

E

2020_070

E

RRF,

£:2020_070 —

(2.2)

2002

Where Ejg20 070 are the 2020_070 county emissions, Exgo; are the 2002 county
emissions used in the modeling to yield the concentrations used in Steps 1 and 2.
The emissions relative response factor is essentially the magnitude of 2020
emissions relative to 2002. If RRFg.2020 070 €quals 0.9, that means the 2020_070
emissions are 90% of the 2002 emissions.

b. We then calculated an emissions relative response factor (RRFg.2020 075) for
emissions changes from 2006 (E;g06) to 2020_075 (E2020 075) as

Ey020_o7s
RRF¢2020_o75 = - (2.3)

EZOOG

c. By assuming that the ratio of reduction in concentrations and reduction in
emissions from 2002 to 2020_070 would be equal for a change from 2006 to

2020 075,
1-RRF, _ 1—RRF3000_o7s (2.4a)
1- RRFE:2020_070 1- RRFE:2020_075

we calculated a concentration RRF for 2020_075 (RRFc.2020_075) @s

1—RRF
RRFC:2020_075 =1- [(( % —RRF 050 070 )j X (1 - RRFE:2020_075 ):| (2.4b)

A concentration RRF for 2020 _075 must be calculated from this relationship
because we do not have modeled 2006 concentrations or 2020 concentrations
under the 0.075 ppm scenario.
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d. Using the results from above, a 2020 area-wide ggth percentile design value
(DV2020_07s) was calculated by multiplying the 2020_075 concentration RRF by the
monitor’s 2005-2007 98" percentile design values (DV;q0s.07) by the
concentration RRF (RRFc.2020 075) calculated in Equation 2.4b

DV2020_075 = RRFC:2020_075 X DV2005—07 (25)

4. Once 2020 _075 ogth percentile design values were calculated, changes in concentrations
relative to emissions (ppb/ton) between 2020_075 and 2006 were calculated as:

ppb / ton = (DV2020_075 - szoos—zoo% £ ) (2.6)
2020_075 2006

2.3.2.2 Near-road adjustment of area-wide design values

Once 2020 area-wide design values were calculated, they were adjusted to simulate
near-road concentrations.

2.3.2.2.1 Identification of monitors for adjustment

To identify monitors that, accounting for the gradient in concentrations away from the
roadway, could inform near-road conditions, OAQPS used (1) monitor characteristics (i.e.,
metadata) in the AQS database, (2) visual inspection by using Google Earth geospatial software,
and (3) the condition that only Core Based Statistical Areas (CBSAs) with populations of 350,000
or greater would be required to have at least one maximum concentration site near roadways
consistent with the final NO, NAAQS rulemaking.

We first select “area-wide” monitors to adjust to approximate near-roadway conditions.
The monitors included in this analysis are those considered to be representative of “area-wide”
conditions; i.e. those monitors to which it would be appropriate to apply the gradient to scale
from area-wide to near-roadway conditions. Specifically, we did not select monitors that are
microscale or middle scale, source oriented, non-EPA (one federal monitor in Yosemite National
Park), or those affected by a dominant source, including roadways, in this analysis®.

* This process excluded no monitoring sites; it merely identified those monitors relevant to adjust for a near-
roadway approximation. Monitors not selected for adjustment were still included in the overall analysis.
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Next, to address the limitations of the monitors’ metadata, we conducted a visual
inspection and geospatial analysis using Google Earth of the remaining monitors. The analysis
reviewed where the site was physically located in an urban area, checked its proximity to major
roads (such as interstates, freeways, and major arterial roads), and its proximity to identifiable
sources such as industrial complexes and facilities, commercial facilities (such as trucking
depots), or proximity to other area sources (such as airports or shipping ports).

Finally, we did not scale up any sites that were not in CBSAs with a population of
350,000 or greater to be consistent with the population based thresholds that trigger minimum
required near-road monitors in the NO, NAAQS and monitoring package.

Using the list of area-wide monitors appropriate for near-roadway adjustment, we
included only those monitors with sufficient data completeness to estimate a 2020 design value
(see Section 2.3.1 for details). One hundred seventy-three monitors were considered
appropriate for near-road adjustment and eighty-two were considered inappropriate for scaling
up. For more details about the monitor selection methodology see Appendix 2a, and for the
full list of monitors with criteria see Table 2-3a of Appendix 2a.

2.3.2.2.2 Adjustment methodology

Reflecting scientific literature on the roadway gradient discussed in the final NAAQs
rule’s preamble (i.e., near road monitors can be from 30% to 100% greater than the area wide
monitors), we adjust our estimated design values at area-wide locations for the future year of
2020 by 130%, 165%, and 200% (30%, 65%, and 100% gradients respectively).

One significant limitation of attempting to approximate near road conditions by simply
multiplying by the gradient alone is that the range may not account for the expected future
design values near roads (i.e., we believe this approach may over-estimate future design values
near roads and may suggest that the future nonattainment problem is worse than it might be,
and that the costs and benefits of addressing the residual nonattainment problem in the future
are greater than they will actually be). This potential overestimation results from the fact that
CMAQ averages the reductions from all sources over the 12km grid which effectively smoothes
the concentration changes of source-specific emissions reductions that would have a greater
effect at any specific location within the grid, e.g., mobile source emissions reductions near
roads. We presume that future near-roadway peaks are reduced more than future area-wide
peaks because (1) the near-road proxy monitors are by definition located near the roadway;
and (2) on-road mobile source emission reductions between 2006 and 2020 are expected to be
significant due to a number of previously-cited Federal mobile source regulations. This
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suggests that we should consider an appropriate adjustment of the 2020 design values at ‘near
roadway’ proxy monitors to account for the dilution of mobile emission reductions across
entire grid squares by CMAQ.

To adjust for the fact that air quality peak design values near roadways will be affected
more significantly by mobile source emission reductions than will air quality peak design values
in area-wide locations, we start with the design values adjusted to account for the near road
gradients described previously and , based on available data, we calculated a relative
effectiveness metric for each county reflecting the greater efficacy of mobile source emissions
reductions (i.e., ppb/ton) at those locations than predicted by CMAQ for area wide monitor
locations. We then apply the resulting national average metric (1.20) across all monitors
calculated above to adjust the 2020 design values at the ‘near-roadway’ proxy monitors
consistently.

Reviews of roadway studies indicate that a second adjustment is also reasonable. An
analysis of U.S. studies before 1980 and U.S. and Canadian studies after 1990 indicate that the
slope of the concentration gradient from the roadway becomes less steep with time (Figure 2-
5). The red lines are the concentration gradients for U.S. studies before 1980, while the black
lines are concentration gradients for U.S. and Canadian studies after 1990. The black lines are
flatter than the red lines, indicating that with time, concentration gradients may decrease.
Average NO2 concentrations for US and Canadian studies from 1970-1979 and 2000-2009 for
AADT > 100K, show concentration gradient changes from approximately 65% (1970-79) to
approximately 30% (2000-2009) for concentrations > 200 m from road when compared to
concentrations < 50 m from road. In other words, in the 1970-1979 period, concentrations near
the road (50 m) would be 165% higher than concentrations farther from the road (200 m). In
2000-2009, concentrations near the road (50 m) would be 130% higher than concentrations
farther from the road (200 m). The difference between the gradients in this context is then
approximately 20%. Therefore, the change in gradients with time provides justification for our
use of a factor of 1.2 to adjust the required reductions in roadside emissions downward.’

> That the two adjustment factors have the same value is coincidental.
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Figure 2-5: Log plots of NO, vs. distance from roadside
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While we believe this approach is conceptually sound, it is a new methodology
developed out of necessity to complete this assessment for near-roadway monitor locations in
the absence of such a monitoring network and based on limited data and modeling results, i.e.,
information not designed to address near-road situations. Furthermore, the use of a national
average adjustment as opposed to a county-specific adjustment makes the adjustment more
straight forward but does result in some specific under- and over-adjustments at particular
locations.

Following is the methodology to develop the national adjustment factor, 1.20 for the
adjustment of the 2020 area-wide design values to near-road design values. The national
adjustment factor is based on the use of the ggth percentile design values for 2005-2007 and
2020. The following calculations were performed for monitors that were appropriate for
scaling:

1. First we calculated the 2005-2007 (DVon:2005-2007) and 2020 (DVon:2020) onroad
components of the 2005-2007 and 2020 ogth percentile area-wide design values by
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multiplying the area-wide design values by the ratio of county onroad (Eonroad:2006 and
Eonroad:2020) to county total emissions (Eiotar2006 and Eiotal:2020) for each scalable monitor:

Eonroa N
DV,;.2005-2007 = DVio05-2007 X 42008 (2.9)
EtotaI:ZOOG
E )
DV,2020 = DV X Eonroad.ZOZO (2.10)

total:2020

The county emissions for both 2006 and 2020 are the county emissions used to calculate
the 2020 area-wide design values as described in Section 2.3.2.1. The 2020 emissions
are the 2020 emissions used to meet the 0.075 ppm ozone standard [See Chapter 4 of
the ozone RIA (EPA, 2008)].

After calculating the onroad components of the area-wide design values for 2005-2007
and 2020, the onroad ppb/ton estimate, ppb/tonenread, Was calculated as:

ppb/ton _ DVon:ZOZO — DVon:200572007 (2 11)
onroad — :
E 0n:2020 E 0n:2006
Next, the ratio of onroad to total ppb/ton metric, Ratiopps/ton Was calculated as:
b /ton
Ratio, , ., = P2 EOMeroas (2.12)
ppb/tontotal

Where ppb/tonenread is as defined above and ppb/tonie, is defined as in Equation 2.6 of
Section 2.3.2.1.

Finally, we calculate the national average of Ratioppy,ton across all monitors appropriate
for scale-up as

N
ZRat/oppb/mn,

= =12 (2.13)
N

Where N is the number of monitors appropriate for scale-up

To simplify the analysis, we used the average Ratiopppton in Step 4 above across all scalable

monitors in the final adjustment for the near-road proxy monitors. The national average ratio

was calculated as 1.2, meaning that onroad emissions reductions were approximately 20%

more effective at reducing near-roadway concentrations than total emission reductions in the

county.

After calculating the national average ratio in step 3, the final near-roadway adjusted 2020

design values were calculated as:
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DV. GRAD
DV _ 2020: % (2.14)

NR:GRAD —
1.2

Where DVpra.grap iS the 2020 near-roadway adjusted concentration for each gradient
with GRAD equal to 1.3, 1.65, or 2 (i.e., reflecting 30%, 65%, or 100% increase
respectively), and DV,gy0 is the 2020 area-wide design value for the ggth percentile. The
1.2 factor in the denominator is the national average ratio calculated in Equation 2.13.
For the eighty-two monitors that were not deemed appropriate for adjustment, the
near-road design value was set equal to the 2020 area-wide design value.

Once the near-roadway design values were calculated for 2020 for each of the three
gradient increases (30%, 65%, and 100%), residual concentration improvements needed to
result in levels below the NAAQS were calculated for three alternative levels of the standard (in
ppb): 80, 100, and 125. Nonattainment was calculated as:

NApap.as =DVigorap —AS (2.15)

Where NAgrap:as is the residual nonattainment (ppb) for GRAD equal to 30, 65, or 100%
increase for alternative standard AS of 80, 100, or 125 ppb and DVygr.grap is the 2020 near-
roadway adjusted design value for the 30%, 65%, or 100% increase for the ogth percentile. For
locations exceeding a particular alternative standard AS, the mobile tons needed to reach
attainment are calculated as:

NA Grap.a5 (2.16)

(ppb/tonx1.2)

ToNS gpap.as =

Where Tonsgrap:as are the tons needed for attainment of alternative standard for the near-
roadway increase of 30%, 65%, or 100%, NAgrap:as is defined in Equation 2.15 above, and
ppb/ton is the total (all county emissions) ppb/ton for the 9g™" percentile design value as
calculated in Equation 2.8. The total ppb/ton is multiplied by 1.20 in Equation 2.16 to
approximate the onroad ppb/ton based on the national average ratio of onroad ppb/ton to
total ppb/ton calculated in Equation 2.13. While, each monitor had its own value of onroad
ppb/ton estimates as calculated in Equation 2.11, in order to maintain consistency with the 1.2
adjustment factor (the ratio of onroad ppb/ton to total ppb/ton), the ppb/ton estimate for each
monitor was multiplied by 1.2 to approximate the onroad ppb/ton. For locations below a
particular alternative standard, AS, tons for control were not calculated and additional emission
controls were not needed.
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A complete list of 2020 projected design values by monitor can be found in Table 2-1a of
Appendix 2a.

2.4 Results
2.4.1 Nonattainment of alternative standards

Figure 2-6 shows the projected design values for 2020 for the 9g™" percentile NO, design
value concentrations for the most extreme case, 100% gradient. Shown are the highest
projected design values for each county. Counties in white were below the lowest alternative
standard, 80 ppb. It should be noted all of the non-adjusted monitors were below 80 ppb.
Table 2-4 shows the number of monitors and counties that exceeded the alternative standards
for the three gradient increases.

Figure 2-6: 2020 98" percentile design values for the 100% gradient increase

2020 100% gradient DV
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Table 2-4: Summary of 2020 near-road design values exceeding alternative standards for
gradient increases

Gradient (%)  Alternative standard Number of Monitors Number of Counties
30 80 0 0
100 0 0
125 0 0
65 80 1 1
100 0 0
125 0 0
100 80 5 4
100 0 0
125 0 0

The one county that exceeded 80 ppb for the 65% increase was Adams County, CO with a
design value of 82.0 ppb and we estimated a reduction in onroad emissions of 676 tons were
needed to attain 80 ppb. The counties that after adjustment for the 100% gradient had NO,
ambient concentrations projected to be above 80 ppb are shown in Table 2-5.

Table 2-5: Nonattainment counties for 80 ppb for 100% gradient. Onroad mobile tons
needed for attainment are also listed

Tons for control

Cco Adams 99.5 9,861
TX El Paso 95.8 8,643
uT Salt Lake 89.0 4,088
LA East Baton Rouge 80.8 456

While the counties in Table 2-5 were predicted to be in nonattainment in 2020 after
adjusting to near-road monitors, there were other sources or events influencing the
concentrations before near-road adjustments. In Adams County, CO, the monitor was near a
large EGU source and several non-EGU point sources. In El Paso County, TX the monitors were
near the international border between the U.S. and Mexico. El Paso is explained in more detail
in Section 2.4.2.2. Salt Lake County, UT appeared to be influenced by seasonal inversions,
which can lead to higher surface concentrations. In East Baton Rouge, LA, the violating monitor
was in the downtown area and located near several non-EGU point sources.

It should be noted that different values of the gradient may be more appropriate for

some monitors than other values of the gradient. Many of the monitors may be more
influenced by stationary sources than onroad sources or the distance from the roadway may
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justify the use of a lower gradient. For example, the Charles City County, VA monitor is not
located near major roads (within 1 mile), so the 30% gradient may be more appropriate to
apply than 65% or 100%. Also, one monitor in Los Angeles County is near the Long Beach Port
and Long Beach Municipal Airport. The monitor is located within 500 m of the nearest roadway
and most likely already has an influence from the road, so the 30% or 65% gradient may be
more appropriate than 100%. However, it should be noted that neither of these monitors
exceeded 80 ppb in 2020 when the 100% gradient was applied.

2.4.2 Special cases

After projection of 2005-2007 design values to 2020, some notable results were seen.
This section describes the reasons for those values.

2.4.2.1 Non-calculated projected design values

For sixteen monitors (eleven counties), the projected 2020 design values were not
calculated for the 98" percentile concentrations (see 2020 concentrations denoted by “*” Table
2a-3 in Appendix 2a). Ten of the counties were in California and one in Pennsylvania. These
counties were in regions that were not forecast to meet the 0.070 or 0.075 ozone standard as
described in Chapter 4 of the ozone RIA (U.S. EPA, 2008b). These counties received across the
board reductions in NOx in addition to the reductions included in the 0.070 ozone analysis. . In
the California counties, the 2020_075 emissions were 20% of the 2020_070 emissions, while in
Pennsylvania, the 2020_075 emissions were 13% of the 2020_070 emissions. For more details
about the emissions reduction see Chapter 4 of the ozone RIA (U.S. EPA, 2008b).
Concentrations could not be calculated because 2020 _075 emissions were so low that the
methodology described in Section 2.3.2.1 did not produce reasonable results. All of the
monitors in question were already below the lowest alternative standard of 80 ppb in 2005-
2007, so these monitors should not have issues with nonattainment.

2.4.2.2 El Paso County

El Paso County represents a case where future design values for NO, above the levels
being considered are influenced by international emissions. The 2005-2007 9g™" percentile
design values are shown in Figure 2-7. The three monitors in the black circle were the highest
monitors. The 2020 98" percentile design values are shown in Figure 2-8. Area-wide and near-
road adjusted projected design values are shown. One monitor was not considered appropriate
for adjustment and has no near-road design value listed.
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Figure 2-7: 2005-2007 og™ percentile design values (ppb) for El Paso County
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Figure 2-8: 2020 ogth percentile design values (ppb) for El Paso County. Area-wide design
values are in black and for monitors that were scalable, 100% gradient adjusted near-road
design values are in red
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In 2020, two of the near-road design values of near-road adjusted monitors exceeded 80
ppb for the 100% gradient adjustment, 89.8 ppb and 95.8 ppb (Figure 2-8). Examining the
average of the top ten daily 1-hour maximum concentrations for 2002 and the average of the
daily 1-hour maximum concentrations for the same ten calendar days in 2020 showed that the
grid cell containing the top two nonattainment monitors was the highest value among the grid
cells in the county containing monitors, 65.6 ppb for 2002 and 51.3 for 2020 (not shown). The
resulting RRF was also the highest, 0.78 (Figure 2-9) and the mean daily 1-hour maximum
concentration in 2020 was also highest for the county, 31.3 ppb.

Figure 2-9: 2020_070 RRF values for grid cells in El Paso County
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Note that these monitors were not only located along the border highway, but they
were also very close to the international border with city of Juarez just to the southwest (Figure
2-10). A wind rose from El Paso Airport for 2005-2007 exhibited a relatively high frequency of
winds from the east-southeast through west-southwest that would transport pollutants from
Juarez toward the three NO, monitoring sites across the river in El Paso. The grid cell that
contained the two highest monitors is mostly in Mexico. Emissions from across the
international border could impact the modeled concentrations of the grid cells containing the
monitors. However, for our emission inventories, we do not forecast controls on international
emissions over which we have no jurisdiction.
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Figure 2-10: Aerial photograph of CMAQ grid cell containing nonattainment monitors for El
Paso County. Yellow box is 12 x 12 km grid cell and El Paso 2005-2007 wind rose is shown in
lower right corner. Area-wide design values are in yellow and near-road adjusted design
values are in white

0 3 B 12 Kilometers

In summary:

e Two monitors in El Paso County were the highest monitors in the 2005-2007 and 2020
9g™" percentile design values in the county.

e The grid cell containing the monitors had the highest average of the top 10 daily 1-hour
maximum concentrations for 2002 for grid cells containing monitors in El Paso County.

e Also, the monitors’ grid cell had the highest average of the 2020_070 daily 1-hour
maximum concentrations for the same days as the ten days in the average of the 2002
daily 1-hour maximum concentrations.

e The monitors’ grid cell had the highest RRF value for all monitor grid cells in the county.

e Since all of the monitors in the county used the same 2002, 2006, 2020_070, and
2020_075 emissions for emissions RRF calculations (Equations 3.2 and 3.3), the driving
factor was the high RRF for the grid cell.
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e The grid cell contained international emissions and were not controlled in the 2020_070
inventory, resulting in higher daily 1-hour maximum concentrations when compared to
other monitor grid cells.

2.5 Summary

In summary, 2020 NO, design value concentrations were projected from 2005-2007
observed design values using CMAQ output from the 2002 and the 2020 _070 scenario
simulations performed for the ozone NAAQS RIA (U.S. EPA, 2008b). County emissions for 2002,
2006, and 2020 were used in conjunction with the CMAQ output to project the 2005-2007
design values for the 2020 area-wide design values. The 2020 area-wide design values from
appropriate monitors were then adjusted to (1) reflect a near-roadway network of monitors
using gradient increases of 30%, 65%, and 100%; and (2) to reflect the efficacy of controls on
onroad mobile emissions in the future. The 2020 near-roadway concentrations were then
compared against three alternative standards of 80, 100, and 125 ppb for each of the three
gradient increases. No counties exceeded 80 ppb for the 30% gradient, one county exceeded
80 ppb for the 65% gradient, and four counties exceeded 80ppb, for the 100% gradient. No
counties exceeded 100 ppb for any of the three gradients.
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Appendix 2a: Monitor adjustment selection, Roadway field studies, 2005-2007
and projected 2020 Design Values

2a.1 Monitor adjustment selection

OAQPS applied several screening techniques in the effort to select monitors within the
NO, monitoring network that would be appropriate to simulate what a near-road monitor
might record. OAQPS used monitor site characteristics and visual inspection using Google Earth
geospatial software to determine which of the monitor sites were appropriate to simulate near-
road monitors. We then screened that list of monitors so that only those located in Core Based
Statistical Areas (CBSAs) with populations of 350,000 or greater, which corresponds to the
proposed population threshold in the NO, NAAQS and monitoring proposal package, would be
scaled-up.

All NO, monitoring sites that are used for comparison to the NAAQS report their data to
the Air Quality System (AQS). Each monitoring site has a profile in AQS containing metadata
pertaining to the monitor, including where the monitor is located, the monitoring objective, the
scale of representativeness, and whether it is thought to be influenced by a particular type of
emission source, among other data metrics. Although, the metadata in AQS are informative,
we must note that AQS metadata should be used with caution as there are no formal
requirements for the responsible state and local air monitoring agencies that operate the
monitoring network to quality assure or update metadata at any frequency.

In conjunction with the language in the NO, NAAQS and monitoring proposal package,
this exercise was intended to only use “area-wide” monitors to simulate near-road
concentrations. Area-wide monitors are monitors that are not significantly influenced by point,
area, or mobile sources, meaning they typically do not represent the maximum concentration
that may be attributable to a source or sources. Further, area-wide sites and are sited to
represent neighborhood, urban, and regional spatially representative scales. To identify which
sites in the NO, network were suitable to classify as an “area-wide” site, we screened sites
utilizing three particular AQS metadata metrics: 1) monitor objective, 2) spatial (measurement)
scale, and 3) dominant source.

The monitor objective meta-data field describes what the data from the monitor are
intended to characterize. The focus of the data presented is to show the nature of the network
in terms of its attempt to generally characterize health effects, photochemical activity,
transport, or welfare effects. There are 11 categories of monitor objective for a NO, monitor
within AQS. The first six categories listed below stem directly from categorizations of site types
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within the Code of Federal Regulations (CFR). In 40 CFR Part 58 Appendix D, there are seven
examples of NO, site types:

Sites located to determine the highest concentration expected to occur in the
area covered by the network (Highest Concentration).

Sites located to measure typical concentrations in areas of high population
(Population Exposure).

Sites located to determine the impact of significant sources or source categories
on air quality (Source Oriented).

Sites located to determine general background concentration levels (General
Background).

Sites located to determine the extent of regional pollutant transport among
populated areas; and in support of secondary standards (Regional Transport).
Sites located to measure air pollution impacts on visibility, vegetation damage,
or other welfare-based impacts (Welfare Related Impacts).

Sites with unspecified or non-routine monitor objectives (Other).

The remaining four categories available are a result of updating the AQS database. In the more

recent upgrade to AQS, the data handlers inserted the available site types for the

Photochemical Assessment Monitoring Stations (PAMS) network. These PAMS site types are
spelled out in 40 CFR Part 58 Appendix D:

1.

2.

3.

4.

Type 1 sites are established to characterize upwind background and transported
ozone and its precursor concentrations entering the area and will identify those
areas which are subjected to transport (Upwind Background).

Type 2 sites are established to monitor the magnitude and type of precursor
emissions in the area where maximum precursor emissions are expected to
impact and are suited for the monitoring of urban air toxic pollutants (Max.
Precursor Impact).

Type 3 sites are intended to monitor maximum ozone concentrations occurring
downwind from the area of maximum precursor emissions (Max. Ozone
Concentration).

Type 4 sites are established to characterize the downwind transported ozone
and its precursor concentrations exiting the area and will identify those areas
which are potentially contributing to overwhelming transport in other areas
(Extreme Downwind).
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It should be noted that any particular monitor can have multiple monitor objectives. For this
screening exercise, we selected one reported monitor objective based on a hierarchy to
represent an individual monitor. The hierarchy used was to select, in order of priority: 1) source
oriented, 2) high concentration, 3) population exposure, or 4) general background, if they
existed at a site with multiple monitoring objectives. So, for example, any monitor with “source
oriented” among multiple objectives was classified as “source oriented”.

The spatial (measurement) scales are also defined in 40 CFR Part 58, Appendix D. This
regulation language spells out what data from a monitor can represent in terms of air volumes

associated with area dimensions where:

Microscale — Defines the concentration in air volumes associated with area dimensions
ranging from several meters up to about 100 meters.

Middle scale — Defines the concentration typical of areas up to several city blocks in size,
with dimensions ranging from about 100 meters to 0.5 kilometers.

Neighborhood scale — Defines concentrations within some extended area of the city that

has relatively uniform land use with dimensions in the 0.5 to 4.0 kilometers range.

Urban scale — Defines concentrations within an area of city-like dimensions, on the
order of 4 to 50 kilometers. Within a city, the geographic placement of sources may
result in there being no single site that can be said to represent air quality on an urban
scale. The neighborhood and urban scales have the potential to overlap in applications
that concern secondarily formed or homogeneously distributed air pollutants.

Regional scale — Defines usually a rural area of reasonably homogeneous geography
without large sources, and extends from tens to hundreds of kilometers.

Therefore the meta-data records for the NOyx network in AQS indicate what the measurement
scale of a particular monitor represents. It is important to note that a monitor can only have
one measurement scale, as opposed to the possibility of a single monitor having multiple
monitor objectives.

The “dominant source” metric in AQS allows responsible state and local air monitoring
agencies to identify, if applicable, what type of emission source may be the dominant source
influencing the measurements at a particular site. There are three choices for the dominant
source category: 1) Point, 2) Area, and 3) Mobile. It should be noted that not all NO, monitor
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records have a value in the dominant source field, either because the responsible state and
local monitoring agency does not believe any particular type of source is influencing a particular
site, or because the information was simply not entered into the database.

For the first screening to identify area-wide NO, monitoring sites, we chose to exclude
all sites that met one or more of the following criteria based on AQS metadata:

e Any microscale site (measurement scale)
e Any middle scale site (measurement scale)
e Any source oriented site (monitor objective)

e Any site with the following combination of metadata: Highest Concentration,
Neighborhood scale, and Point source dominated
(monitor objective/measurement scale/dominant source)
e Any site identified as being operated by industry, as these sites are usually micro or
middle scale, source oriented sites.

As a result of the first screening, of the original 255 sites used in the area-wide design value
calculations in Section 2.3.2.1 of Chapter 2, sixteen were excluded from scaling due to negative
design value calculations. For the sixteen sites (eleven counties), the projected 2020 design
values were not calculated for the 98th percentile concentrations. Ten of the counties were in
California and one in Pennsylvania. These were counties that were in regions that were not
forecast to meet the 0.075 ozone standard as described in Chapter 4 of the ozone RIA (U.S. EPA,
2008b). These counties received across the board reductions in NOx in addition to the
reductions included in the 0.070 ozone analysis. In the California counties, the 2020_075
emissions were 20% of the 2020_070 emissions, while in Pennsylvania, the 2020_075 emissions
were 13% of the 2020 _070 emissions. For more details about the emissions reduction see
Chapter 4 of the ozone RIA (U.S. EPA, 2008b). Concentrations could not be calculated because
2020_075 emissions were so low that the methodology described in Section 3.3.1 did not
produce reasonable results. Most of the sites in question were already below the lowest
alternative standard of 65 ppb in 2005-2007, so these monitors should not have issues with
nonattainment. After exclusion of the 16 sites and sites based on AQS metadata (22 sites), 217
sites remained in use for the second screening process.

The second screening process was by visual inspection and geospatial analysis using Google
Earth of the top eleven NO; sites, ranked by estimated ppb/ton and two other monitor sites
located in counties with multiple monitoring sites that had higher estimated ppb/ton values.
The analysis reviewed where the site was physically located in an urban area, checked its
proximity to major roads (such as interstates, freeways, and major arterial roads), and its
proximity to identifiable sources such as industrial complexes and facilities, commercial
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facilities (such as trucking depots), or proximity to other area sources (such as airports or
shipping ports). As a result, three more sites were excluded from the pool of NO, sites that
were to be allowed to be scaled-up to simulate near-road monitoring sites.

The final screening was to remove any sites that were not in CBSAs with a population of
350,000 or greater. This was done to match the proposed population-based thresholds that
trigger minimum required near-road monitors in the NO, NAAQS and monitoring proposal
package. This screening removed 41monitors, leaving 181 monitors to use in the simulation.

2a.2 2005-2007 and 2020 design values

Table 2a-1 lists the CBSAs of monitors used in the analyses. Also listed in Table 2a-1 are
population and number of monitors per CBSA. Table 2a-2 lists the CBSAs with populations
greater than 350,000 people that do not have monitors in the analyses. The reasons for no
monitors is also given. Those with the reason “Monitors excluded due to data completeness”
have monitors but the monitors did not meet the completeness criteria discussed in Section
2.3.1 of Chapter 2. Table 2a-3 lists the 2005-2007 design values used in projecting 2020 design

“uxn

values. 2020 design values denoted by were monitors where a projected design value could
not be calculated. 2020 design values for various values of the near-road gradient are shown.
For monitors that were not justified to scale up, the 2020 design values are equal to the 2020
area-wide design value. Monitors determined to be appropriate for scale up are listed as
“SCALE UP” in the scale up column of Table 2a-1. The reasons for no scale up of the 2020
design values are given for the negative design values (“NO SCALE UP: NEGATIVE”), visual
inspection (“NO SCALE UP: VISUAL NEAR ROAD”), population (“NO SCALE UP: POP < 350K), and

due to AQS metadata (various reasons).
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Table 2a-1: Number of monitors per CBSA

CBSA TYPE 2007 Population Monitors
New York-Northern New Jersey-Long Island, NY-NJ-PA Metropolitan 19,113,887 8
Los Angeles-Long Beach-Santa Ana, CA Metropolitan 13,192,758 13
Chicago-Naperville-Joliet, IL-IN-WI Metropolitan 9,747,870 4
Dallas-Fort Worth-Arlington, TX Metropolitan 6,118,183 8
Philadelphia-Camden-Wilmington, PA-NJ-DE-MD Metropolitan 5,930,083 2
Houston-Sugar Land-Baytown, TX Metropolitan 5,620,734 10
Miami-Fort Lauderdale-Miami Beach, FL Metropolitan 5,607,038 3
Washington-Arlington-Alexandria, DC-VA-MD-WV Metropolitan 5,451,302 5
Atlanta-Sandy Springs-Marietta, GA Metropolitan 5,322,915 3
Boston-Cambridge-Quincy, MA-NH Metropolitan 4,515,779 5
San Francisco-Oakland-Fremont, CA Metropolitan 4,316,905 9
Phoenix-Mesa-Scottsdale, AZ Metropolitan 4,163,757 5
Riverside-San Bernardino-Ontario, CA Metropolitan 4,152,464 7
Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan 3,313,789 1
San Diego-Carlsbad-San Marcos, CA Metropolitan 3,064,142 5
St. Louis, MO-IL Metropolitan 2,833,676 5
Tampa-St. Petersburg-Clearwater, FL Metropolitan 2,765,528 4
Denver-Aurora, CO Metropolitan 2,469,929 1
Pittsburgh, PA Metropolitan 2,404,190 7
Cleveland-Elyria-Mentor, OH Metropolitan 2,150,129 2
Sacramento--Arden-Arcade--Roseville, CA Metropolitan 2,141,388 6
Cincinnati-Middletown, OH-KY-IN Metropolitan 2,118,580 1
Orlando-Kissimmee, FL Metropolitan 2,098,102 1
Kansas City, MO-KS Metropolitan 1,997,567 3
San Antonio, TX Metropolitan 1,985,996 3
San Jose-Sunnyvale-Santa Clara, CA Metropolitan 1,829,059 1
Indianapolis-Carmel, IN Metropolitan 1,701,870 2
Austin-Round Rock, TX Metropolitan 1,569,880 1
Milwaukee-Waukesha-West Allis, WI Metropolitan 1,534,473 1
Nashville-Davidson--Murfreesboro, TN Metropolitan 1,507,461 1
Louisville-Jefferson County, KY-IN Metropolitan 1,247,196 1
Richmond, VA Metropolitan 1,215,134 2
Hartford-West Hartford-East Hartford, CT Metropolitan 1,203,355 1
Oklahoma City, OK Metropolitan 1,198,114 2
Buffalo-Niagara Falls, NY Metropolitan 1,152,143 1
New Orleans-Metairie-Kenner, LA Metropolitan 1,084,072 1
Salt Lake City, UT Metropolitan 1,073,432 1
Tucson, AZ Metropolitan 976,521 2
Bridgeport-Stamford-Norwalk, CT Metropolitan 918,315 1
Fresno, CA Metropolitan 915,824 5
New Haven-Milford, CT Metropolitan 852,576 1
Albuquerque, NM Metropolitan 833,634 3
Oxnard-Thousand Oaks-Ventura, CA Metropolitan 827,163 2
Allentown-Bethlehem-Easton, PA-NJ Metropolitan 808,151 2
CBSA TYPE 2007 Population Monitors
Worcester, MA Metropolitan 806,147 1
Bakersfield, CA Metropolitan 796,111 5
Baton Rouge, LA Metropolitan 762,905 9
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El Paso, TX
Columbia, SC

Sarasota-Bradenton-Venice, FL

Stockton, CA
Springfield, MA

Little Rock-North Little Rock, AR

Greenville, SC
Wichita, KS

Scranton--Wilkes-Barre, PA
Augusta-Richmond County, GA-SC
Harrisburg-Carlisle, PA
Ogden-Clearfield, UT

Lancaster, PA

Santa Rosa-Petaluma, CA
Pensacola-Ferry Pass-Brent, FL
Lexington-Fayette, KY
Visalia-Porterville, CA
Vallejo-Fairfield, CA

Salinas, CA

York-Hanover, PA

Santa Barbara-Santa Maria, CA
Manchester-Nashua, NH
Springfield, MO
Beaumont-Port Arthur, TX
Trenton-Ewing, NJ

Erie, PA

San Luis Obispo-Paso Robles, CA
Santa Cruz-Watsonville, CA

Merced, CA
Sioux Falls, SD

Burlington-South Burlington, VT

Longview, TX
Las Cruces, NM

Lake Charles, LA

Tyler, TX
Fargo, ND-MN
El Centro, CA
Yuba City, CA
Madera, CA
Johnstown, PA

State College, PA

Napa, CA
Altoona, PA

Farmington, NM

Owensboro, KY

Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan

751,891
719,810
716,099
694,530
693,880
673,404
608,312
599,959
556,812
541,258
535,228
518,302
503,871
483,728
462,147
450,105
431,643
426,952
425,924
422,449
422,299
414,036
413,710
392,826
371,660
283,041
267,623
264,678
256,700
221,466
211,172
203,587
202,485
199,974
196,814
194,208
170,210
166,165
149,180
147,230
145,418
137,087
126,760
125,916
112,941

NRRRPRRRPRRPRRPRRRPRPRPNRRRPRPRWRPPRRORPRRRRRPRPRRRPRREPNRPRNNRPRPRWRNRWO

=

CBSA

TYPE

2007 Population

Monitors

Cleveland, TN
Paducah, KY-IL
New Castle, PA
Ukiah, CA
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Metropolitan
Micropolitan
Micropolitan
Micropolitan

111,646
97,571
92,154
90,385

N R R



Indiana, PA
Marshall, TX
Rutland, VT

Hobbs, NM
Carlsbad-Artesia, NM
Tahlequah, OK
Gillette, WY

No CBSA

Micropolitan
Micropolitan
Micropolitan
Micropolitan
Micropolitan
Micropolitan
Micropolitan
NA

89,830
64,971
64,432
56,428
51,269
46,332
37,981
NA

O, P NBR R PR
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Table 2a-2: CBSAS with populations greater than 350,000 people not included in analyses

CBSA TYPE 2007 Population Reason for no monitoring
Detroit-Warren-Livonia, Ml Metropolitan 4,561,522 Monitors excluded due to data completeness
Seattle-Tacoma-Bellevue, WA Metropolitan 3,327,901 Not currently monitored
Baltimore-Towson, MD Metropolitan 2,699,671 Monitors excluded due to data completeness
Portland-Vancouver-Beaverton, OR-WA Metropolitan 2,162,868 Monitors excluded due to data completeness
Las Vegas-Paradise, NV Metropolitan 1,893,507 Monitors excluded due to data completeness
Columbus, OH Metropolitan 1,780,581 Not currently monitored

Virginia Beach-Norfolk-Newport News, VA-NC  Metropolitan 1,691,070 Monitors excluded due to data completeness
Providence-New Bedford-Fall River, RI-MA Metropolitan 1,639,860 Monitors excluded due to data completeness
Charlotte-Gastonia-Concord, NC-SC Metropolitan 1,621,635 Monitors excluded due to data completeness
Jacksonville, FL Metropolitan 1,359,173 Monitors excluded due to data completeness
Memphis, TN-MS-AR Metropolitan 1,307,699 Monitors excluded due to data completeness
Birmingham-Hoover, AL Metropolitan 1,115,659 Not currently monitored
Rochester, NY Metropolitan 1,054,376 Not currently monitored
Raleigh-Cary, NC Metropolitan 1,023,620 Not currently monitored

Tulsa, OK Metropolitan 919,698 Monitors excluded due to data completeness
Albany-Schenectady-Troy, NY Metropolitan 861,146 Not currently monitored

Dayton, OH Metropolitan 848,761 Not currently monitored
Omaha-Council Bluffs, NE-IA Metropolitan 842,715 Not currently monitored

Grand Rapids-Wyoming, Ml Metropolitan 788,817 Not currently monitored
McAllen-Edinburg-Mission, TX Metropolitan 732,166 Not currently monitored

Akron, OH Metropolitan 707,682 Not currently monitored
Greensboro-High Point, NC Metropolitan 691,871 Not currently monitored
Poughkeepsie-Newburgh-Middletown, NY Metropolitan 684,296 Not currently monitored

Knoxville, TN Metropolitan 675,798 Not currently monitored

Toledo, OH Metropolitan 667,360 Not currently monitored

Syracuse, NY Metropolitan 653,964 Not currently monitored

Cape Coral-Fort Myers, FL Metropolitan 634,375 Not currently monitored
Charleston-North Charleston, SC Metropolitan 628,187 Monitors excluded due to data completeness
Colorado Springs, CO Metropolitan 616,432 Not currently monitored
Youngstown-Warren-Boardman, OH-PA Metropolitan 590,887 Not currently monitored

Boise City-Nampa, ID Metropolitan 587,526 Not currently monitored

Lakeland, FL Metropolitan 581,653 Not currently monitored

Madison, WI Metropolitan 557,650 Not currently monitored

Palm Bay-Melbourne-Titusville, FL Metropolitan 557,320 Not currently monitored

Des Moines-West Des Moines, |IA Metropolitan 540,397 Monitors excluded due to data completeness
CBSA TYPE 2007 Population Reason for no monitoring

Jackson, MS Metropolitan 539,724 Not currently monitored
Portland-South Portland-Biddeford, ME Metropolitan 529,286 Monitors excluded due to data completeness
Modesto, CA Metropolitan 529,038 Monitors excluded due to data completeness
Deltona-Daytona Beach-Ormond Beach, FL Metropolitan 517,851 Not currently monitored
Chattanooga, TN-GA Metropolitan 508,709 Not currently monitored
Provo-Orem, UT Metropolitan 489,312 Monitors excluded due to data completeness
Durham, NC Metropolitan 477,119 Not currently monitored
Lansing-East Lansing, MlI Metropolitan 469,278 Not currently monitored
Winston-Salem, NC Metropolitan 464,838 Monitors excluded due to data completeness
Spokane, WA Metropolitan 453,859 Not currently monitored

Flint, MI Metropolitan 448,530 Not currently monitored
Fayetteville-Springdale-Rogers, AR-MO Metropolitan 438,460 Not currently monitored
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Corpus Christi, TX
Reno-Sparks, NV

Port St. Lucie-Fort Pierce, FL
Fort Wayne, IN
Canton-Massillon, OH
Mobile, AL

Asheville, NC

Reading, PA
Brownsville-Harlingen, TX
Shreveport-Bossier City, LA
Salem, OR

Huntsville, AL

Davenport-Moline-Rock Island, I1A-IL

Peoria, IL
Killeen-Temple-Fort Hood, TX

Hickory-Lenoir-Morganton, NC

Montgomery, AL
Tallahassee, FL
Fayetteville, NC
Evansville, IN-KY
Rockford, IL

Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
Metropolitan
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428,222
425,289
422,461
412,381
411,749
409,542
407,274
406,222
395,867
393,854
383,801
380,907
380,003
375,672
374,779
364,397
363,598
362,802
353,650
351,661
350,085

Not currently monitored
Monitors excluded due to data completeness
Not currently monitored
Not currently monitored
Not currently monitored
Not currently monitored
Not currently monitored
Monitors excluded due to data completeness
Not currently monitored
Not currently monitored
Not currently monitored
Not currently monitored
Monitors excluded due to data completeness
Not currently monitored
Not currently monitored
Not currently monitored
Not currently monitored
Not currently monitored
Not currently monitored
Monitors excluded due to data completeness
Not currently monitored



Table 2a-3: NO, 2005-2007 and 2020 gradient adjusted (30%, 65%, and 100%) projected 98th percentile design values (ppb)

2020

State County CBSA Site Scale up 2005-07 30% 65% 100%
AZ Maricopa Phoenix-Mesa-Scottsdale, AZ 19 SCALE-UP 68.0 37.0 47.0 57.0
AZ Maricopa Phoenix-Mesa-Scottsdale, AZ 3002 SCALE-UP 70.3 36.6 46.4 56.3
AZ Maricopa Phoenix-Mesa-Scottsdale, AZ 3003 SCALE-UP 60.3 27.5 34.9 42.3
AZ Maricopa Phoenix-Mesa-Scottsdale, AZ 3010 NO SCALE UP: MIDDLE SCALE 83.3 41.9
AZ Maricopa Phoenix-Mesa-Scottsdale, AZ 9997 SCALE-UP 64.0 333 42.3 51.3
AZ Pima Tucson, AZ 1011 SCALE-UP 47.0 25.1 31.9 38.6
AZ Pima Tucson, AZ 1028 SCALE-UP 46.6 22.8 29.0 35.1
AR Pulaski Little Rock-North Little Rock, AR 7 SCALE-UP 50.0 26.0 33.0 40.0
CA Alameda San Francisco-Oakland-Fremont, CA 7 SCALE-UP 48.3 3.2 4.1 5.0
CA Alameda San Francisco-Oakland-Fremont, CA 1001 SCALE-UP 49.0 17.6 22.4 27.1
CA Contrasta San Francisco-Oakland-Fremont, CA 2 SCALE-UP 38.6 0.4 0.5 0.6
CA Contrasta San Francisco-Oakland-Fremont, CA 1002 SCALE-UP 33.0 3.3 4.2 5.1
CA Contrasta San Francisco-Oakland-Fremont, CA 1004 SCALE-UP 43.6 13.6 17.3 21.0
CA Contrasta San Francisco-Oakland-Fremont, CA 3001 SCALE-UP 43.6 14.4 18.2 22.1
CA Fresno Fresno, CA 7 SCALE-UP 62.6 25.1 31.9 38.6
CA Fresno Fresno, CA 8 SCALE-UP 62.3 22.1 28.0 34.0
CA Fresno Fresno, CA 242 SCALE-UP 44.6 8.1 10.3 12.5
CA Fresno Fresno, CA 4001 SCALE-UP 45.0 10.9 13.8 16.8
CA Fresno Fresno, CA 5001 SCALE-UP 59.8 25.7 32.7 39.6
CA Imperial El Centro, CA 5 NO SCALE UP: POP < 350K 75.0 8.0
CA Kern Bakersfield, CA 7 SCALE-UP 42.6 16.4 20.9 25.3
CA Kern Bakersfield, CA 10 SCALE-UP 65.3 31.9 40.5 49.1
CA Kern Bakersfield, CA 14 SCALE-UP 63.3 30.9 39.3 47.6
CA Kern Bakersfield, CA 5001 SCALE-UP 38.0 8.0 10.1 12.3
CA Kern Bakersfield, CA 6001 SCALE-UP 64.3 41.9 53.2 64.5
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 2 SCALE-UP 82.3 15.7 19.9 24.1
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 16 SCALE-UP 77.3 14.7 18.7 22.6
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 113 SCALE-UP 63.1 37.7 47.8 58.0

State County CBSA Site Scale up 2005-07 2020
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30% 65% 100%
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 1002 SCALE-UP 75.0 7.4 9.4 11.5
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 1103 SCALE-UP 83.6 24.3 30.9 37.5
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 1201 SCALE-UP 60.6 23.2 29.5 35.8
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 1301 SCALE-UP 79.0 44.3 56.2 68.1
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 1701 SCALE-UP 79.6 8.4 10.7 13.0
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 2005 SCALE-UP 73.0 6.7 8.5 10.3
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 4002 SCALE-UP 74.0 51.5 65.4 79.3
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 6012 SCALE-UP 61.3 0.9 1.2 1.5
CA Los Angeles Los Angeles-Long Beach-Santa Ana, CA 9033 NO SCALE UP: MIDDLE SCALE 57.0 6.8
CA Madera Madera, CA 4 NO SCALE UP: NEGATIVE 41.3 *
CA Marin San Francisco-Oakland-Fremont, CA 1 SCALE-UP 45.0 25.4 32.3 39.1
CA Mendocino Ukiah, CA 8 NO SCALE UP: NEGATIVE 31.6 *
CA Mendocino Ukiah, CA 9 NO SCALE UP: POP < 350K 27.3 0.1
CA Merced Merced, CA 3 NO SCALE UP: POP < 350K 43.0 4.0
CA Monterey Salinas, CA 1003 NO SCALE UP: NEGATIVE 37.0 *
CA Napa Napa, CA 3 NO SCALE UP: POP < 350K 41.3 10.6
CA Orange Los Angeles-Long Beach-Santa Ana, CA 5001 SCALE-UP 73.3 334 42.4 51.5

Sacramento--Arden-Arcade--Roseville,
CA Placer CA 6 NO SCALE UP: NEGATIVE 57.0 *
CA Riverside Riverside-San Bernardino-Ontario, CA 5001 NO SCALE UP: NEGATIVE 50.0 *
State County CBSA Site Scale up 2005-07 2020
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30% 65% 100%
CA Riverside Riverside-San Bernardino-Ontario, CA 8001 SCALE-UP 64.3 21.3 27.0 32.8
CA Riverside Riverside-San Bernardino-Ontario, CA 9001 NO SCALE UP: MIDDLE SCALE 53.0 8.1
Sacramento--Arden-Arcade--Roseville,
CA Sacramento CA 6 SCALE-UP 47.0 5.6 7.1 8.6
Sacramento--Arden-Arcade--Roseville,
CA Sacramento CA 10 SCALE-UP 54.3 19.9 25.3 30.6
Sacramento--Arden-Arcade--Roseville,
CA Sacramento CA 12 SCALE-UP 35.0 2.9 3.7 4.5
Sacramento--Arden-Arcade--Roseville,
CA Sacramento CA 13 SCALE-UP 55.6 21.5 27.3 33.1
CA San Bernardino Riverside-San Bernardino-Ontario, CA 1 NO SCALE UP: NEGATIVE 72.0 *
CA San Bernardino Riverside-San Bernardino-Ontario, CA 306 NO SCALE UP: NEGATIVE 65.6 *
CA San Bernardino Riverside-San Bernardino-Ontario, CA 2002 SCALE-UP 80.0 0.3 0.4 0.5
CA San Bernardino Riverside-San Bernardino-Ontario, CA 9004 SCALE-UP 70.6 2.9 3.7 4.5
CA San Diego San Diego-Carlsbad-San Marcos, CA 1 SCALE-UP 60.6 124 15.8 19.1
NO SCALE UP: HIGHESTNGC;
CA San Diego San Diego-Carlsbad-San Marcos, CA 6 NEIGHBORHOOD; POINT 61.1 11.5
CA San Diego San Diego-Carlsbad-San Marcos, CA 1002 SCALE-UP 59.6 6.2 7.9 9.6
CA San Diego San Diego-Carlsbad-San Marcos, CA 1006 NO SCALE UP: NEGATIVE 42.6 *
CA San Diego San Diego-Carlsbad-San Marcos, CA 1008 SCALE-UP 62.3 9.4 11.9 145
CA San Francisco San Francisco-Oakland-Fremont, CA 5 SCALE-UP 54.6 29.4 37.4 45.3
2020
State County CBSA Site Scale up 2005-07 30% 65% 100%
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CA San Joaquin Stockton, CA 1002 SCALE-UP 58.0 20.0 254 30.8

CA San Luis Obispo San Luis Obispo-Paso Robles, CA 3001 NO SCALE UP: POP < 350K 353 6.4

CA San Luis Obispo San Luis Obispo-Paso Robles, CA 4002 NO SCALE UP: POP < 350K 30.3 2.9

CA San Luis Obispo San Luis Obispo-Paso Robles, CA 8001 NO SCALE UP: POP < 350K 44.3 6.4

CA San Mateo San Francisco-Oakland-Fremont, CA 1001 SCALE-UP 50.0 28.3 36.0 43.6

CA Santa Barbara Santa Barbara-Santa Maria, CA 8 SCALE-UP 31.6 6.3 8.1 9.8

CA Santa Barbara Santa Barbara-Santa Maria, CA 1013 NO SCALE UP: NEGATIVE 8.0 *

CA Santa Barbara Santa Barbara-Santa Maria, CA 1014 NO SCALE UP: NEGATIVE 6.6 *

CA Santa Barbara Santa Barbara-Santa Maria, CA 1018 NO SCALE UP: INDUSTRIAL 26.0 2.7

CA Santa Barbara Santa Barbara-Santa Maria, CA 1021 NO SCALE UP: NEGATIVE 19.6 *

CA Santa Barbara Santa Barbara-Santa Maria, CA 1025 NO SCALE UP: INDUSTRIAL 14.6 2.7

CA Santa Barbara Santa Barbara-Santa Maria, CA 2004 NO SCALE UP: NEGATIVE 30.0 *

CA Santa Barbara Santa Barbara-Santa Maria, CA 2011 SCALE-UP 37.0 18.5 23.5 28.5

CA Santa Barbara Santa Barbara-Santa Maria, CA 4003 NO SCALE UP: NEGATIVE 8.3 *

CA Santa Clara San Jose-Sunnyvale-Santa Clara, CA 5 SCALE-UP 57.3 33.9 43.0 52.1

CA Santa Cruz Santa Cruz-Watsonville, CA 3 NO SCALE UP: NEGATIVE 24.3 *

CA Solano Vallejo-Fairfield, CA 4 SCALE-UP 43.0 18.3 23.2 28.1

CA Sonoma Santa Rosa-Petaluma, CA 3 SCALE-UP 39.3 6.8 8.6 10.5

CA Sutter Yuba City, CA 3 NO SCALE UP: NEGATIVE 50.1 *

CA Tulare Visalia-Porterville, CA 2002 SCALE-UP 58.6 11.1 14.1 17.1

CA Ventura Oxnard-Thousand Oaks-Ventura, CA 2002 SCALE-UP 47.6 0.9 1.2 1.5

CA Ventura Oxnard-Thousand Oaks-Ventura, CA 3001 SCALE-UP 40.6 1.4 1.7 2.1
Sacramento--Arden-Arcade--Roseville,

CA Yolo CA 4 SCALE-UP 37.6 7.0 8.9 10.8

Cco Adams Denver-Aurora, 3001 SCALE-UP 74.3 64.6 82.0 99.5

CcT Fairfield Bridgeport-Stamford-Norwalk, CT 9003 SCALE-UP 56.6 3.4 4.4 53
Hartford-West Hartford-East Hartford,

CcT Hartford CcT 1003 SCALE-UP 51.8 13.6 17.3 21.0

CT New Haven New Haven-Milford, CT 27 SCALE-UP 68.3 24.1 30.6 37.1
Washington-Arlington-Alexandria, DC-

DC Washington VA-MD-WV 25 SCALE-UP 56.0 26.5 33.6 40.8

State County CBSA Site Scale up 2005-07 2020
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30% 65% 100%
Washington-Arlington-Alexandria, DC-
DC Washington VA-MD-WV 41 SCALE-UP 63.0 27.0 34.3 41.6
Washington-Arlington-Alexandria, DC-
DC Washington VA-MD-WV 43 SCALE-UP 60.6 26.0 33.0 40.0
FL Broward Miami-Fort Lauderdale-Miami Beach, FL 8002 SCALE-UP 54.0 34.5 43.8 53.1
FL Escambia Pensacola-Ferry Pass-Brent, FL 4 SCALE-UP 336 20.3 25.8 313
FL Hillsborough Tampa-St. Petersburg-Clearwater, FL 81 SCALE-UP 33.0 23.8 30.2 36.6
FL Hillsborough Tampa-St. Petersburg-Clearwater, FL 1065 SCALE-UP 38.6 31.2 39.6 48.0
FL Hillsborough Tampa-St. Petersburg-Clearwater, FL 3002 SCALE-UP 32.0 19.1 24.3 29.5
FL Manatee Sarasota-Bradenton-Venice, FL 4012 SCALE-UP 31.3 12.3 15.6 19.0
FL Miami-Dade Miami-Fort Lauderdale-Miami Beach, FL 27 SCALE-UP 48.0 22.3 28.3 34.3
FL Orange Orlando-Kissimmee, FL 2002 SCALE-UP 44.3 17.1 21.7 26.3
FL Palm Beach Miami-Fort Lauderdale-Miami Beach, FL 1004 NO SCALE UP: MIDDLE SCALE 46.0 20.5
FL Pinellas Tampa-St. Petersburg-Clearwater, FL 18 SCALE-UP 39.6 21.1 26.8 325
FL Sarasota Sarasota-Bradenton-Venice, FL 1006 SCALE-UP 27.6 12.0 15.2 18.5
GA Fulton Atlanta-Sandy Springs-Marietta, GA 48 SCALE-UP 73.0 34.7 44.1 53.5
GA Paulding Atlanta-Sandy Springs-Marietta, GA 3 SCALE-UP 25.0 13.3 16.9 20.5
GA Rockdale Atlanta-Sandy Springs-Marietta, GA 1 SCALE-UP 29.6 16.6 21.1 25.6
IL Cook Chicago-Naperville-Joliet, IL-IN-WI 63 NO SCALE UP: MIDDLE SCALE 100.0 17.8
IL Cook Chicago-Naperville-Joliet, IL-IN-WI 76 SCALE-UP 63.6 12.4 15.8 19.1
IL Cook Chicago-Naperville-Joliet, IL-IN-WI 3103 NO SCALE UP: MIDDLE SCALE 74.6 37.9
IL Cook Chicago-Naperville-Joliet, IL-IN-WI 4002 SCALE-UP 68.3 17.3 22.0 26.6
IL St Clair St. Louis, MO-IL 10 SCALE-UP 50.3 33.1 42.0 51.0
2020
State County CBSA Site Scale up 2005-07 30% 65% 100%
IN Hendricks Indianapolis-Carmel, IN 2 NO SCALE UP: INDUSTRIAL 41.0 7.4
IN Marion Indianapolis-Carmel, IN 73 SCALE-UP 47.6 26.2 33.2 40.3
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KS Sedgwick Wichita, KS 10 SCALE-UP 46.5 29.6 37.6 45.6
KS Sumner Wichita, KS 2 SCALE-UP 27.0 16.1 20.4 24.8
KS Wyandotte Kansas City, MO-KS 21 SCALE-UP 57.0 29.4 374 45.3
KY Daviess Owensboro, KY 5 NO SCALE UP: POP < 350K 34.6 15.2
KY Fayette Lexington-Fayette, KY 12 SCALE-UP 53.0 329 41.8 50.6
KY Jefferson Louisville-Jeffersonunty, KY-IN 1021 SCALE-UP 51.5 16.1 20.4 24.8
KY Mc Cracken Paducah, KY-IL 1024 NO SCALE UP: POP < 350K 43.5 14.7
LA Ascension Baton Rouge, LA 4 SCALE-UP 43.0 41.1 52.2 63.3
LA Calcasieu Lake Charles, LA 8 NO SCALE UP: POP < 350K 39.3 35.8
LA East Baton Rouge Baton Rouge, LA 3 SCALE-UP 56.3 49.0 62.2 75.5
LA East Baton Rouge Baton Rouge, LA 9 SCALE-UP 58.0 52.5 66.6 80.8
LA East Baton Rouge Baton Rouge, LA 13 NO SCALE UP: MICROSCALE 22.3 16.4
LA East Baton Rouge Baton Rouge, LA 1001 SCALE-UP 42.0 37.8 47.9 58.1
LA Iberville Baton Rouge, LA 7 SCALE-UP 27.6 24.9 31.6 38.3
LA Iberville Baton Rouge, LA 9 SCALE-UP 30.6 27.9 354 43.0
LA Iberville Baton Rouge, LA 12 SCALE-UP 40.3 37.7 47.8 58.0
LA Jefferson New Orleans-Metairie-Kenner, LA 1001 SCALE-UP 52.0 40.6 51.5 62.5
LA West Baton Rouge Baton Rouge, LA 1 SCALE-UP 53.0 49.2 62.5 75.8
MA Essex Boston-Cambridge-Quincy, MA-NH 2006 SCALE-UP 433 29.0 36.8 44.6
MA Essex Boston-Cambridge-Quincy, MA-NH 5005 SCALE-UP 40.6 24.2 30.8 37.3
NO SCALE UP: HIGHESTNC;
MA Hampden Springfield, MA 8 NEIGHBORHOOD; POINT 433 26.3
MA Hampden Springfield, MA 16 SCALE-UP 46.6 28.7 36.4 44.1
MA Hampshire Springfield, MA 4002 SCALE-UP 32.6 19.3 24.6 29.8
MA Suffolk Boston-Cambridge-Quincy, MA-NH 2 NO SCALE UP: MICROSCALE 57.0 31.8
2020
State County CBSA Site Scale up 2005-07 30% 65% 100%
MA Suffolk Boston-Cambridge-Quincy, MA-NH 42 SCALE-UP 50.3 30.4 38.6 46.8
MA Worcester Worcester, MA 23 SCALE-UP 45.0 28.2 35.8 43.5
Minneapolis-St. Paul-Bloomington, MN-
MN Anoka Wi 1002 SCALE-UP 44.0 34.0 43.1 52.3
MO Clay Kansas City, MO-KS 5 SCALE-UP 39.0 25.6 325 39.5
MO Greene Springfield, MO 36 SCALE-UP 52.0 31.8 40.4 49.0
MO Jackson Kansas City, MO-KS 34 SCALE-UP 59.6 36.7 46.6 56.5
MO St Charles St. Louis, MO-IL 1002 SCALE-UP 37.0 18.8 23.9 29.0
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MO Ste Genevieve 5 NO SCALE UP: POP < 350K 19.6 13.0
MO St Louis St. Louis, MO-IL 4 SCALE-UP 45.0 24.5 31.2 37.8
MO St Louis St. Louis, MO-IL 3001 SCALE-UP 49.3 26.4 335 40.6
MO St Louis St. Louis, MO-IL 86 SCALE-UP 62.0 43.9 55.8 67.6
NH Hillsborough Manchester-Nashua, NH 20 SCALE-UP 443 28.3 36.0 43.6
NH Rockingham Boston-Cambridge-Quincy, MA-NH 14 SCALE-UP 39.0 22.2 28.1 34.1
New York-Northern New Jersey-Long
NJ Essex Island, NY-NJ-PA 1003 SCALE-UP 74.0 24.3 30.9 37.5
New York-Northern New Jersey-Long
NJ Hudson Island, NY-NJ-PA 6 SCALE-UP 69.3 32.9 41.8 50.6
NJ Mercer Trenton-Ewing, NJ 5 SCALE-UP 48.6 17.1 21.7 26.3
New York-Northern New Jersey-Long
NJ Middlesex Island, NY-NJ-PA 11 SCALE-UP 55.6 23.7 30.1 36.5
New York-Northern New Jersey-Long
NJ Morris Island, NY-NJ-PA 3001 SCALE-UP 41.6 17.8 22.6 27.5
New York-Northern New Jersey-Long
NJ Union Island, NY-NJ-PA 4 SCALE-UP 80.6 40.4 51.2 62.1
NM Bernalillo Albuquerque, NM 23 SCALE-UP 56.0 40.6 51.5 62.5
NM Bernalillo Albuquerque, NM 24 SCALE-UP 48.0 34.7 44.1 53.5
NM Dona Ana Las Cruces, NM 21 NO SCALE UP: POP < 350K 49.6 30.5
NM Dona Ana Las Cruces, NM 22 NO SCALE UP: POP < 350K 44.0 25.2
NM Eddy Carlsbad-Artesia, NM 1004 NO SCALE UP: POP < 350K 30.3 28.6
NM Eddy Carlsbad-Artesia, NM 1005 NO SCALE UP: POP < 350K 22.6 20.3
NM Lea Hobbs, NM 8 NO SCALE UP: POP < 350K 45.3 43.9
NM Sandoval Albuquerque, NM 1003 SCALE-UP 46.6 32.8 41.6 50.5
NM San Juan Farmington, NM 9 NO SCALE UP: POP < 350K 42.3 40.8
2020
State County CBSA Site Scale up 2005-07 30% 65% 100%
NM San Juan Farmington, NM 1005 NO SCALE UP: POP < 350K 47.3 42.4
NO SCALE UP: VISUAL NEAR
NY Erie Buffalo-Niagara Falls, NY 5 ROAD 79.0 44.7
New York-Northern New Jersey-Long
NY New York Island, NY-NJ-PA 56 NO SCALE UP: MIDDLE SCALE 78.3 22.9
New York-Northern New Jersey-Long
NY Queens Island, NY-NJ-PA 124 SCALE-UP 68.6 25.2 32.0 38.8
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New York-Northern New Jersey-Long

NY Suffolk Island, NY-NJ-PA 9 SCALE-UP 44.6 9.5 12.1 14.6
ND Burke 4 NO SCALE UP: POP < 350K 13.0 10.7
ND Cass Fargo, ND-MN 1004 NO SCALE UP: POP < 350K 37.3 19.1
ND Mc Kenzie 2 NO SCALE UP: POP < 350K 7.0 4.8
ND Mercer 4 NO SCALE UP: POP < 350K 21.6 16.9
ND Mercer 102 NO SCALE UP: POP < 350K 21.0 16.4
ND Mercer 124 NO SCALE UP: POP < 350K 23.0 17.8
ND Oliver 2 NO SCALE UP: POP < 350K 21.0 16.3
NO SCALE UP: VISUAL NEAR
OH Cuyahoga Cleveland-Elyria-Mentor, OH 60 ROAD 62.0 40.4
OH Cuyahoga Cleveland-Elyria-Mentor, OH 70 SCALE-UP 59.0 373 47.4 57.5
OH Hamilton Cincinnati-Middletown, OH-KY-IN 40 SCALE-UP 60.3 30.8 39.1 47.5
OK Cherokee Tahlequah, OK 9002 NO SCALE UP: POP < 350K 38.3 224
OK Oklahoma Oklahoma City, OK 33 SCALE-UP 53.3 31.8 40.4 49.0
OK Oklahoma Oklahoma City, OK 1037 SCALE-UP 43.0 23.9 30.3 36.8
PA Allegheny Pittsburgh, PA 8 SCALE-UP 49.6 37.2 47.3 57.3
PA Allegheny Pittsburgh, PA 10 SCALE-UP 63.6 47.7 60.6 73.5
PA Allegheny Pittsburgh, PA 1005 SCALE-UP 46.3 32.5 41.2 50.0
PA Beaver Pittsburgh, PA 14 SCALE-UP 48.3 27.7 35.2 42.6
PA Blair Altoona, PA 801 NO SCALE UP: POP < 350K 50.6 234
Philadelphia-Camden-Wilmington, PA-
PA Bucks NJ-DE-MD 12 SCALE-UP 53.6 8.9 11.4 13.8
PA Cambria Johnstown, PA 11 NO SCALE UP: POP < 350K 43.6 231
PA Centre Statellege, PA 100 NO SCALE UP: POP < 350K 38.0 17.5
PA Dauphin Harrisburg-Carlisle, PA 401 SCALE-UP 51.0 4.8 6.1 7.5
PA Erie Erie, PA 3 NO SCALE UP: POP < 350K 54.0 26.6
2020

State County CBSA Site Scale up 2005-07 30% 65% 100%
PA Indiana Indiana, PA 4 NO SCALE UP: POP < 350K 33.0 12.1
PA Lackawanna Scranton--Wilkes-Barre, PA 2006 SCALE-UP 47.3 4.7 6.0 7.3
PA Lancaster Lancaster, PA 7 SCALE-UP 46.0 9.2 11.6 14.1
PA Lawrence New Castle, PA 15 NO SCALE UP: POP < 350K 49.0 33.5
PA Lehigh Allentown-Bethlehem-Easton, PA-NJ 4 SCALE-UP 47.3 9.9 12.6 15.3
PA Luzerne Scranton--Wilkes-Barre, PA 1101 SCALE-UP 443 3.9 4.9 6.0
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Philadelphia-Camden-Wilmington, PA-

PA Montgomery NJ-DE-MD 13 SCALE-UP 54.0 11.9 15.1 18.3
PA Northampton Allentown-Bethlehem-Easton, PA-NJ 25 SCALE-UP 47.3 7.6 9.7 11.8
PA Perry Harrisburg-Carlisle, PA 301 NO SCALE UP: NEGATIVE 24.0 *
PA Washington Pittsburgh, PA 5 SCALE-UP 43.0 27.0 34.3 41.6
PA Washington Pittsburgh, PA 5001 SCALE-UP 29.6 17.7 225 27.3
PA Westmoreland Pittsburgh, PA 8 SCALE-UP 43.0 28.4 36.1 43.8
PA York York-Hanover, PA 8 SCALE-UP 57.3 4.4 5.6 6.8
NO SCALE UP: SOURCE
SC Aiken Augusta-Richmondunty, GA-SC 3 ORIENTED 233 8.8
NO SCALE UP: NON-
SC Greenville Greenville, SC 9 REGULATORY 43.6 20.5
SC Richland Columbia, SC 7 SCALE-UP 49.6 15.3 19.5 23.6
SD Jackson 1 NO SCALE UP: POP < 350K 7.6 4.8
SD Minnehaha Sioux Falls, SD 7 NO SCALE UP: POP < 350K 33.0 17.8
TN Bradley Cleveland, TN 102 NO SCALE UP: POP < 350K 37.3 16.8
TN Davidson Nashville-Davidson--Murfreesboro, TN 11 SCALE-UP 55.6 21.2 26.9 32.6
TX Bexar San Antonio, TX 46 NO SCALE UP: MICROSCALE 54.6 32.2
TX Bexar San Antonio, TX 52 SCALE-UP 25.0 13.3 16.9 20.5
NO SCALE UP: SOURCE
X Bexar San Antonio, TX 59 ORIENTED 33.6 16.5
TX Brazoria Houston-Sugar Land-Baytown, TX 1016 NO SCALE UP: MIDDLE SCALE 26.3 3.9
TX Dallas Dallas-Fort Worth-Arlington, TX 69 SCALE-UP 58.0 34.2 43.4 52.6
TX Dallas Dallas-Fort Worth-Arlington, TX 75 SCALE-UP 45.0 25.3 32.1 39.0
TX Denton Dallas-Fort Worth-Arlington, TX 34 SCALE-UP 38.6 21.0 26.6 323
2020

State County CBSA Site Scale up 2005-07 30% 65% 100%

TX El Paso El Paso, TX 37 SCALE-UP 64.0 58.3 74.1 89.8
NO SCALE UP: VISUAL NEAR

TX El Paso El Paso, TX 44 ROAD 66.6 56.1
TX El Paso El Paso, TX 55 SCALE-UP 68.3 62.2 79.0 95.8
TX El Paso El Paso, TX 57 SCALE-UP 58.0 41.7 52.9 64.1
TX El Paso El Paso, TX 58 SCALE-UP 50.6 42.4 53.9 65.3
TX Gregg Longview, TX 1 NO SCALE UP: POP < 350K 29.3 18.9
TX Harris Houston-Sugar Land-Baytown, TX 26 NO SCALE UP: MIDDLE SCALE 52.0 34.5
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TX Harris Houston-Sugar Land-Baytown, TX 29 SCALE-UP 35.6 16.4 20.9 25.3
TX Harris Houston-Sugar Land-Baytown, TX 47 SCALE-UP 60.3 28.9 36.7 445
TX Harris Houston-Sugar Land-Baytown, TX 75 SCALE-UP 61.8 43.4 55.1 66.8
TX Harris Houston-Sugar Land-Baytown, TX 1034 SCALE-UP 56.3 42.3 53.7 65.1
TX Harris Houston-Sugar Land-Baytown, TX 1035 SCALE-UP 58.3 43.8 55.6 67.5
TX Harris Houston-Sugar Land-Baytown, TX 1039 SCALE-UP 46.6 27.3 34.6 42.0
TX Harris Houston-Sugar Land-Baytown, TX 1050 NO SCALE UP: MIDDLE SCALE 34.0 22.1
TX Harr