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EXECUTIVE SUMMARY

States in the upper Midwest face a number of air quality challenges. More than 50 counties are
currently classified as nonattainment for the 8-hour ozone standard and 60 for the fine particle
(PM_5) standard (1997 versions). A map of these nonattainment areas is provided in the figure
below. In addition, visibility impairment due to regional haze is a problem in the larger national
parks and wilderness areas (i.e., Class | areas). There are 156 Class | areas in the U.S.,
including two in northern Michigan.

[ Moderate
] Marginal
[] Marginal EAC
[] subpart 1

Figure i. Current nonattainment counties for ozone (left) and PM_5 (right)

To support the development of State Implementation Plans (SIPs) for ozone, PM, 5, and
regional haze in the States of Illinois, Indiana, Michigan, Ohio, and Wisconsin, technical
analyses were conducted by the Lake Michigan Air Directors Consortium (LADCO), its member
states, and various contractors. The analyses include preparation of regional emissions
inventories and meteorological data, evaluation and application of regional chemical transport
models, and collection and analysis of ambient monitoring data.

Monitoring data were analyzed to produce a conceptual understanding of the air quality
problems. Key findings of the analyses include:

Ozone
Current monitoring data (2005-2007) show about 20 sites in violation of the 8-hour
ozone standard of 85 parts per billion (ppb). Historical ozone data show a steady
downward trend over the past 15 years, especially since 2001-2003, due likely to
federal and state emission control programs.

Ozone concentrations are strongly influenced by meteorological conditions, with

more high ozone days and higher ozone levels during summers with above normal
temperatures.



Inter- and intra-regional transport of 0zone and ozone precursors affects many
portions of the five states, and is the principal cause of nonattainment in some areas
far from population or industrial centers.

PMzs
- Current monitoring data (2005-2007) show 30 sites in violation of the annual PM, 5
standard of 15 ug/m®. Nonattainment sites are characterized by an elevated
regional background (about 12 — 14 ug/m®) and a significant local (urban) increment
(about 2 — 3 ug/m®). Historical PM,5 data show a slight downward trend since
deployment of the PM, s monitoring network in 1999.

PM, s concentrations are also influenced by meteorology, but the relationship is
more complex and less well understood compared to ozone.

On an annual average basis, PM, s chemical composition consists mostly of sulfate,
nitrate, and organic carbon in similar proportions.

Haze
Current monitoring data (2000-2004) show visibility levels in the Class | areas in
northern Michigan are on the order of 22 — 24 deciviews. The goal of EPA’s visibility
program is to achieve natural conditions, which is about 12 deciviews for these
Class | areas, by the year 2064.

Visibility impairment is dominated by sulfate and nitrate.

Air quality models were applied to support the regional planning efforts. Two base years were
used in the modeling analyses: 2002 and 2005. Basecase modeling was conducted to evaluate
model performance (i.e., assess the model's ability to reproduce observed concentrations). This
exercise was intended to build confidence in the model prior to its use in examining control
strategies. Model performance for ozone and PM, s was found to be generally acceptable.

Future year strategy modeling was conducted to determine whether existing (*on the books”)
controls would be sufficient to provide for attainment of the standards for ozone and PM, 5 and if
not, then what additional emission reductions would be necessary for attainment. Based on the
modeling and other supplemental analyses, the following general conclusions can be made:

Existing controls are expected to produce significant improvement in ozone and
PM2 s concentrations and visibility levels.

The choice of the base year affects the future year model projections. A key
difference between the base years of 2002 and 2005 is meteorology. 2002 was
more ozone conducive than 2005. The choice of which base year to use as the
basis for the SIP is a policy decision (i.e., how much safeguard to incorporate).

Modeling suggests that most sites are expected to meet the current 8-hour ozone
standard by the applicable attainment date, except for sites in western Michigan
and, possibly, in eastern Wisconsin and northeastern Ohio.



Modeling suggests that most sites are expected to meet the current PM, 5
standard by the applicable attainment date, except for sites in Detroit, Cleveland,
and Granite City.

The regional modeling for PM, s does not include air quality benefits expected
from local controls. States are conducting local-scale analyses and will use
these results, in conjunction with the regional-scale modeling, to support their
attainment demonstrations for PM,s.

These findings of residual nonattainment for ozone and PM, s are supported by
current (2005 — 2007) monitoring data which show significant nonattainment in
the region (e.g., peak ozone design values on the order of 90 — 93 ppb, and peak
PM, 5 design values on the order of 16 - 17 ug/m®). It is unlikely that sufficient
emission reductions will occur in the next couple of years to provide for
attainment at all sites.

Attainment at most sites by the applicable attainment date is dependent on actual
future year meteorology (e.g., if the weather conditions are consistent with [or
less severe than] 2005, then attainment is likely) and actual future year
emissions (e.g., if the emission reductions associated with the existing controls
are achieved, then attainment is likely). If either of these conditions is not met,
then attainment may be less likely.

Modeling suggests that the new PM, s 24-hour standard and the new lower
ozone standard will not be met at several sites, even by 2018, with existing
controls.

Visibility levels in a few Class | areas in the eastern U.S. are expected to be
greater than (less improved than) the uniform rate of visibility improvement
values in 2018 based on existing controls, including those in northern Michigan
and some in the northeastern U.S. Visibility levels in many other Class | areas in
the eastern U.S. are expected to be less than (more improved than) the uniform
rate of visibility improvement values in 2018. These results, along with
information on the costs of compliance, time necessary for compliance, energy
and non air quality environmental impacts of compliance, and remaining useful
life of existing sources, should be considered by the states in setting reasonable
progress goals for regional haze.



Section 1.0 Introduction

This Technical Support Document summarizes the final air quality analyses conducted by the
Lake Michigan Directors Consortium (LADCO)" and its contractors to support the development
of State Implementation Plans (SIPs) for ozone, fine particles (PM,5), and regional haze in the
States of lllinois, Indiana, Michigan, Ohio, and Wisconsin. The analyses include preparation of
regional emissions inventories and meteorological modeling data for two base years (2002 and
2005), evaluation and application of regional chemical transport models, and analysis of
ambient monitoring data.

Two aspects of the analyses should be emphasized. First, a regional, multi-pollutant approach
was taken in addressing ozone, PM, 5, and haze for technical reasons (e.g., commonality in
precursors, emission sources, atmospheric processes, transport influences, and geographic
areas of concern), and practical reasons (e.g., more efficient use of program resources).
Furthermore, EPA has consistently encouraged multi-pollutant planning in its rule for the haze
program (64 FR 35719), and its implementation guidance for ozone (70 FR 71663) and PM;s
(72 FR 20609). Second, a weight-of-evidence approach was taken in considering the results of
the various analyses (i.e., two sets of modeling results -- one for a 2002 base year and one for a
2005 base year -- and ambient data analyses) in order to provide a more robust assessment of
expected future year air quality.

The report is organized in the following sections. This Introduction provides an overview of
regulatory requirements and background information on regional planning. Section 2 reviews
the ambient monitoring data and presents a conceptual model of ozone, PM, 5, and haze for the
region. Section 3 discusses the air quality modeling analyses, including development of the key
model inputs (emissions inventory and meteorological data), and basecase model performance
evaluation. A modeled attainment demonstration for ozone and PM, s is presented in Section 4,
along with relevant data analyses considered as part of the weight-of-evidence determination.
Section 5 documents the reasonable progress assessment for regional haze, along with
relevant data analyses considered as part of the weight-of-evidence determination. Finally, key
study findings are reviewed and summarized in Section 6.

1.1 SIP Requirements

For ozone, EPA promulgated designations on April 15, 2004 (69 FR 23858, April 30, 2004). In
the 5-state region, more than 100 counties were designated as nonattainment.? The
designations became effective on June 15, 2004. SIPs for ozone were due no later than three
years from the effective date of the nonattainment designations (i.e., by June 2007). The
attainment date for ozone varies as a function of nonattainment classification. For the region,
the attainment dates are either June 2007 (marginal nonattainment areas), June 2009 (basic
nonattainment areas), or June 2010 (moderate nonattainment areas).

1 A sub-entity of LADCO, known as the Midwest Regional Planning Organization (MRPO), is responsible
for the regional haze activities of the multi-state organization.

2 Based on more recent air quality data, many counties in Indiana, Michigan, and Ohio were
subsequently redesignated as attainment. As of December 31, 2007, there are 53 counties designated
as nonattainment in the region.



For PM, s, EPA promulgated designations on December 17, 2004 (70 FR 944, January 5, 2005).
In the 5-state region, 70 counties were designated as nonattainment.® The designations became
effective on April 5, 2005. SIPs for PM; s are due no later than three years from the effective
date of the nonattainment designations (per section 172(b) of the Clean Air Act) (i.e., by April
2008) and for haze no later than three years after the date on which the Administrator
promulgated the PM, s designations (per the Omnibus Appropriations Act of 2004) (i.e., by
December 2007). The applicable attainment date for PM; 5 nonattainment areas is five years
from the date of the nonattainment designation (i.e., by April 2010).

For haze, the Clean Air Act sets “as a national goal the prevention of any future, and the
remedying of any existing, impairment of visibility in Class | areas which impairment results from
manmade air pollution.” There are 156 Class | areas, including two in northern Michigan: Isle
Royale National Park and Seney National Wildlife Refuge®. EPA’s visibility rule (64 FR 35714,
July 1, 1999) requires reasonable progress in achieving “natural conditions” by the year 2064.
As noted above, the first regional haze SIP was due in December 2007 and must address the
initial 10-year implementation period (i.e., reasonable progress by the year 2018). SIP
requirements (pursuant to 40 CFR 51.308(d)) include setting reasonable progress goals,
determining baseline conditions, determining natural conditions, providing a long-term control
strategy, providing a monitoring strategy (air quality and emissions), and establishing BART
emissions limitations and associated compliance schedule.

1.2 Organization

LADCO was established by the States of lllinois, Indiana, Michigan, and Wisconsin in 1989. The
four states and EPA signed a Memorandum of Agreement (MOA) that initiated the Lake
Michigan Ozone Study (LMOS) and identified LADCO as the organization to oversee the study.
Additional MOAs were signed by the States in 1991 (to establish the Lake Michigan Ozone
Control Program), January 2000 (to broaden LADCO'’s responsibilities), and June 2004 (to
update LADCO'’s mission and reaffirm the commitment to regional planning). In March 2004,
Ohio joined LADCO. LADCO consists of a Board of Directors (i.e., the State Air Directors), a
technical staff, and various workgroups. The main purposes of LADCO are to provide technical
assessments for and assistance to its member states, and to provide a forum for its member
states to discuss regional air quality issues.

MRPO is a similar entity led by the five LADCO States and involves the federally recognized
tribes in Michigan and Wisconsin, EPA, and Federal Land Managers (i.e., National Park
Service, U.S. Fish & Wildlife Agency, and U.S. Forest Service). In October 2000, the States of
lllinois, Indiana, Michigan, Ohio, and Wisconsin signed an MOA that established the MRPO. An
operating principles document for MRPO, which describe the roles and responsibilities of states,
tribes, federal agencies, and stakeholders, was issued in March 2001. MRPO has a similar
purpose as LADCO, but is focused on visibility impairment due to regional haze in the Federal
Class | areas located inside the borders of the five states, and the impact of emissions from the
five states on visibility impairment due to regional haze in the Federal Class | areas located
outside the borders of the five states. MRPO works cooperatively with the Regional Planning
Organizations (RPOs) representing other parts of the country. The RPOs sponsored several

3 USEPA subsequently adjusted the final designations, which resulted in 63 counties in the region being
designated as nonattainment (70 FR 19844, April 15, 2005).

* Although Rainbow Lake in northern Wisconsin is also a Class | area, the visibility rule does not apply
because the Federal Land Manager determined that visibility is not an air quality related value there.



joint projects and, with assistance by EPA, maintain regular contact on technical and policy
matters.

1.3 Technical Work: Overview

To ensure the reliability and effectiveness of its planning process, LADCO has made data
collection and analysis a priority. More than $7M in RPO grant funds were used for special
purpose monitoring, preparing and improving emissions inventories, and conducting air quality
analyses®. An overview of the technical work is provided below.

Monitoring: Numerous monitoring projects were conducted to supplement on-going state and
local air pollution monitoring. These projects include rural monitoring (e.g., comprehensive
sampling in the Seney National Wildlife Refuge and in Bondbville, IL); urban monitoring (e.g.,
continuation of the St. Louis Supersite); aloft (aircraft) measurements; regional ammonia
monitoring; and organic speciation sampling in Seney, Bondville, and five urban areas.

Emissions: Baseyear emissions inventories were prepared for 2002 and 2005. States provided
point source and area source emissions data, and MOBILES input files and mobile source
activity data. LADCO and its contractors developed the emissions data for other source
categories (e.g., select nonroad sources, ammonia, fires, and biogenics) and processed the
data for input into an air quality model. To support control strategy modeling, future year
inventories were prepared. The future years of interest include 2008 (planning year to address
the 2009 attainment year for basic o0zone nonattainment ares), 2009 (planning year to address
the 2010 attainment year for PM,s and moderate ozone nonattainment areas), 2012 (planning
to address a 2013 alternative attainment date), and 2018 (first milestone year for regional haze).

Air Quality Analyses: The weight-of-evidence approach relies on data analysis and modeling.
Air quality data analyses were used to provide both a conceptual model (i.e., a qualitative
description of the ozone, PM, s, and regional haze problems) and supplemental information for
the attainment demonstration. Given uncertainties in emissions inventories and modeling,
especially for PM; 5, these data analyses are a necessary part of the overall technical support.

Modeling includes baseyear analyses for 2002 and 2005 to evaluate model performance and
future year strategy analyses to assess candidate control strategies. The analyses were
conducted in accordance with EPA’s modeling guidelines (EPA, 2007a). The PM/haze
modeling covers the full calendar year (2002 and 2005) for an eastern U.S. 36 km domain, while
the ozone modeling focuses on the summer period (2002 and 2005) for a Midwest 12 km
subdomain. The same model (CAMXx) was used for ozone, PM; 5, and regional haze.

® Since 1999, MRPO has received almost $10M in RPO grant funds from USEPA.



Section 2.0 Ambient Data Analyses

An extensive network of air quality monitors in the 5-state region provides data for ozone (and
its precursors), PM,s (both total mass and individual chemical species), and visibility. These
data are used to determine attainment/nonattainment designations, support SIP development,
and provide air quality information to public (see, for example, www.airnow.gov).

Analyses of the data were conducted to produce a conceptual model, which is a qualitative
summary of the physical, chemical, and meteorological processes that control the formation and
distribution of pollutants in a given region. This section reviews the relevant data analyses and
describes our understanding of ozone, PM,s and regional haze with respect to current
conditions, data variability (spatial, temporal, and chemical), influence of meteorology (including
transport patterns), precursor sensitivity, and source culpability.

2.1 Ozone

In 1979, EPA adopted an ozone standard of 0.12 ppm, averaged over a 1-hour period. This
standard is attained when the number of days per calendar year with maximum hourly average
concentrations above 0.12 ppm is equal to or less than 1.0, averaged over a 3-year period,
which generally reflects a design value (i.e., the 4™ highest daily 1-hour value over a 3-year
period) less than 0.12 ppm.

In 1997, EPA tightened the ozone standard to 0.08 ppm, averaged over an 8-hour period®. The
standard is attained if the 3-year average of the 4th-highest daily maximum 8-hour average
ozone concentrations (i.e., the design value) measured at each monitor within an area is less
than 0.08 ppm (or 85 ppb).

Current Conditions: A map of the 8-hour ozone design values at each monitoring site in the
region for the 3-year period 2005-2007 is shown in Figure 1. The “hotter” colors represent
higher concentrations, where yellow and orange dots represent sites with design values above
the standard. Currently, there are 19 sites in violation of the 8-hour ozone NAAQS in the 5-state
region, including sites in the Lake Michigan area, Detroit, Cleveland, Cincinnati, and Columbus.

Table 1 provides the 4™-highest daily 8-hour ozone values and the associated design values
since 2001 for several high monitoring sites throughout the region.

® On March 12, 2008, USEPA further tightened the 8-hour ozone standard to increase public health
protection and prevent environmental damage from ground-level ozone. USEPA set the primary (health)
standard and secondary (welfare) standard at the same level: 0.075 ppm (75 ppb), averaged over an 8-
hour period.



DV, in ppb
8BS+
B1—85
F6=—B0

71=75
BE6—T0
= B8

Figure 1. 8-hour ozone design values (2005-2007)



Table 1. Ozone Data for Select Sites in 5-State Region

Key Sites 4th High 8-hour Value Design Values
‘01| '02 | '03 | '04 | '05 | '06 | 'O7 '01-'03 | '02-'04 | '03-'05 | '04-'06 | '05-'07
Lake Michigan Area

Chiwaukee 99| 116 88 78 93 79 85 101 94 86 83 85
Racine 92| 111 82 69 95 71 77 95 87 82 78 81
Milwaukee-Bayside 93 99 92 73 93 73 83 94 88 86 79 83
Harrington Beach 102 93 99 72 94 72 84 98 88 88 79 83
Manitowoc 97 83 92 74 95 78 85 90 83 87 82 86
Sheboygan 102| 105 93 78 97 83 88 100 92 89 86 89
Kewaunee 90 92 97 73 88 76 85 93 87 86 79 83
Door County 95 95 93 78| 101 79 92 94 88 90 86 90
Hammond 90| 101 81 67 87 75 77 90 83 78 76 79
Whiting 64 88 81 88 77 85
Michigan City 90| 107 82 70 84 75 73 93 86 78 76 77
Ogden Dunes 85| 101 77 69 90 70 84 87 82 78 76 81
Holland 92| 105 96 79 94 91 94 97 93 89 88 93
Jenison 86 93 91 69 86 83 88 90 84 82 79 85
Muskegon 95 96 94 70 90 90 86 95 86 84 83 88
Indianapolis Area
Noblesville 88| 101| 101 75 87 77 84 96 92 87 79 82
Fortville 89| 101 92 72 80 75 81 94 88 81 75 78
Fort B. Harrison 87| 100 91 73 80 76 83 92 88 81 76 79
Detroit Area
New Haven 95 95| 102 81 88 78 93 97 92 90 82 86
Warren 94 92| 101 71 89 78 91 95 88 87 79 86
Port Huron 84| 100 87 74 88 78 89 90 87 83 80 85
Cleveland Area
Ashtabula (Conneaut) 97| 103 99 81 93 86 92 99 94 91 86 90
Notre Dame (Geauga) 99| 115 97 75 88 70 68 103 95 86 77 75
Eastlake (Lake) 89| 104 92 79 97 83 74 95 91 89 86 84
Akron (Summit) 98| 103 89 77 89 77 91 96 89 85 81 85
Cincinnati Area
Wilmington (Clinton) 93 99 96 78 83 81 82 96 91 85 80 82
Sycamore (Hamilton) 88| 100 93 76 89 81 90 93 89 86 82 86
Hamilton (Butler) 83| 100 94 75 86 79 91 92 89 85 80 85
Middleton (Butler) 87 98 83 76 88 76 91 89 85 82 80 85
Lebanon (Warren) 85 98 95 81 92 86 88 92 91 89 86 88
Columbus Area
London (Madison) 84 97 90 75 81 76 83 90 87 82 77 80
New Albany (Franklin) 90| 103 94 78 92 82 87 95 91 88 84 87
Franklin (Franklin) 83 99 84 73 86 79 79 88 85 81 79 81
Ohio Other Areas
Marietta (Washington) 85 95 80 77 88 81 86 86 84 81 82 85
St. Louis Area
W. Alton (MO) 85 99 91 77 89 91 89 91 89 85 85 89
Orchard (MO) 88 98 90 76 92 92 83 92 88 86 86 89
Sunset Hills (MO) 88 98 88 70 89 80 89 91 85 82 79 86
Arnold (MO) 86 93 82 70 92 79 87 87 81 81 80 86
Margaretta (MO) 80 98 90 72 91 76 91 89 86 84 79 86
Maryland Heights (MO) 88 84 94 88




Meteorology and Transport: Most pollutants exhibit some dependence on meteorological
factors, especially wind direction, because that governs which sources are upwind and thus
most influential on a given sample. Ozone is even more dependent, since its production is
driven by high temperatures and sunlight, as well as precursor concentrations (see, for
example, Figure 2).
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Figure 2. Number of hot days and 8-hour “exceedance” days in 5-state region

Qualitatively, ozone episodes in the region are associated with hot weather, clear skies
(sometimes hazy), low wind speeds, high solar radiation, and southerly to southwesterly winds.
These conditions are often a result of a slow-moving high pressure system to the east of the
region. The relative importance of various meteorological factors is discussed later in this
section.

Transport of ozone (and its precursors) is a significant factor and occurs on several spatial
scales. Regionally, over a multi-day period, somewhat stagnant summertime conditions can
lead to the build-up in ozone and ozone precursor concentrations over a large spatial area. This
pollutant air mass can be advected long distances, resulting in elevated ozone levels in
locations far downwind. An example of such an episode is shown in Figure 3.
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Figure 3. Example of elevated regional ozone concentrations (June 23 — 25, 2005)

Note: hotter colors represent higher concentrations, with orange representing concentrations above the 8-
hour standard



Locally, emissions from urban areas add to the regional background leading to ozone
concentration hot spots downwind. Depending on the synoptic wind patterns (and local land-
lake breezes), different downwind areas are affected (see, for example, Figure 4).
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Figure 4. Examples of recent high ozone days in the Lake Michigan area

Note: hotter colors represent higher concentrations, with orange representing concentrations above the 8-
hour standard

Aloft (aircraft) measurements in the Lake Michigan area also provide evidence of elevated

regional background concentrations and “plumes” from urban areas. For one example summer
day (August 20, 2003 — see Figure 5), the incoming background ozone levels were on the order
of 80 — 100 ppb and the downwind ozone levels over Lake Michigan were on the order of 100 -

150 ppb (STI, 2004).
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Figure 5. Aircraft ozone measurements over Lake Michigan (left) and along upwind boundary
(right) — August 20, 2003 (Note: aircraft measurements reflect instantaneous values)



As discussed in Section 4, residual nonattainment is projected in at least one area in the 5-state
region —i.e., western Michigan. To understand the source regions likely impacting high ozone
concentrations in western Michigan and estimate the impact of these source regions, two simple
transport-related analyses were performed.

First, back trajectories were constructed using the HYSPLIT model for high ozone days (8-hour
peak > 80 ppb) during the period 2002-2006 in western Michigan to characterize general
transport patterns. Composite trajectory plots for all high ozone days based on data from three
sites (Cass County, Holland, and Muskegon) are provided in Figure 6. The plots point back to
areas located to the south-southwest (especially, northeastern lllinois and northwestern Indiana)
as being upwind on these high ozone days.
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Figure 6 Back trajectory analysis showing upwind areas associated with high ozone
concentrations

Second, to assess the impact from Chicago/NW Indiana, Blanchard (2005a) compared ozone
concentrations upwind (Braidwood, IL), within Chicago (ten sites in the City), and downwind
(Holland and Muskegon) for days in 1999 — 2002 with southwesterly winds - i.e., transport
towards western Michigan. Figure 7 shows the distribution of daily peak 8-hour ozone
concentrations by day-of-week, with a line connecting the mean values. The difference
between day-of-week mean values at downwind and upwind sites indicates that Chicago/NW
Indiana contributes about 10-15 ppb to downwind ozone levels.
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Figure 7. Mean day-of-week peak 8-hour ozone concentrations at sites upwind, within, and
downwind of Chicago, 1999 — 2002 (southwesterly wind days)

Based on this information, the following key findings related to transport can be made:

Ozone transport is a problem affecting many portions of the eastern U.S. The Lake
Michigan area (and other areas in the LADCO region) both receive high levels of
incoming (transported) ozone and ozone precursors from upwind source areas on many
hot summer days, and contribute to the high levels of ozone and ozone precursors
affecting downwind receptor areas.

The presence of a large body of water (i.e., Lake Michigan) influences for the formation
and transport of ozone in the Lake Michigan area. Depending on large-scale synoptic
winds and local-scale lake breezes, different parts of the area experience high ozone
concentrations. For example, under southerly flow, high ozone can occur in eastern
Wisconsin, and under southwesterly flow, high ozone can occur in western Michigan.

Downwind shoreline areas around Lake Michigan are affected by both regional transport
of ozone and subregional transport from major cities in the Lake Michigan area.
Counties along the western shore of Michigan (from Benton Harbor to Traverse City, and
even as far north as the Upper Peninsula) are impacted by high levels of incoming
(transported) ozone.

10



Data Variability: Since 1980, considerable progress has been made to meet the previous 1-
hour ozone standard. Figure 8 shows the decline in both the 1-hour and 8-hour design values
for the 5-state LADCO region over the last 25 years.
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Figure 8 Ozone design value trends in 5-State region

The trend is more dramatic for the higher ozone sites in the 5-state region (see Figure 9). This
plot shows a pronounced downward trend in the design value since the 2001-2003 period, due,
in part, to the very low 4™ high values in 2004.
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Figure 9. Trend in ozone design values and 4™ high values for higher ozone sites in region

The improvement in ozone concentrations is also seen in the decrease in the number of sites
measuring nonattainment over the past 15 years in the Lake Michigan area (see Figure 10).
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Figure 10. Ozone design value maps for 1995-1997, 2000-2002, and 2005-2007
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Given the effect of meteorology on ambient ozone levels, year-to-year variations in meteorology
can make it difficult to assess trends in ozone air quality. Two approaches were considered to
adjust ozone trends for meteorological influences: an air quality-meteorology statistical model
developed by EPA (i.e., Cox method), and statistical grouping of meteorological variables
performed by LADCO (i.e., Classification and Regression Trees, or CART).

Cox Method: This method uses a statistical model to ‘remove’ the annual effect of meteorology
on ozone (Cox and Chu, 1993). A regression model was fit to the 1997-2007 data to relate daily
peak 8-hour ozone concentrations to six daily meteorological variables plus seasonal and
annual factors (Kenski, 2008a). Meteorological variables included were daily maximum
temperature, mid-day average relative humidity, morning and afternoon wind speed and wind
direction. The model is then used to predict 4" high ozone values. By holding the
meteorological effects constant, the long term trend can be examined independently of
meteorology. Presumably, any trend reflects changes in emissions of ozone precursors.

Figure 11a shows the meteorologically-adjusted 4™ high ozone concentrations for several
monitors near major urban areas in the region. The plots indicate a general downward trend
since the late 1990s for most cities, indicating that recent emission reductions have had a
positive effect in improving ozone air quality.

A similar model was run to examine meteorologically adjusted trends in seasonal average
ozone. This model incorporates more meteorological variables, including rain and long-distance
transport (direction and distance). Model development was documented in Camalier et al.,
2007. The seasonal average trends are shown in Figure 11b. Trends determined by seasonal
model for the same set of sites examined above are consistent with those developed by the 4"
high model.
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CART: Classification and Regression Tree (CART) analysis is another statistical technique
which partitions data sets into similar groups (Breiman et al., 1984). CART analysis was
performed using data for the period 1995-2007 for 22 selected ozone monitors with current 8-
hour design values close to or above the standard (Kenski, 2008b). The CART model searches
through 60 meteorological variables to determine which are most efficient in predicting ozone.
Although the exact selection of predictive variables changes from site to site, the most common
predictors were temperature, wind direction, and relative humidity. Only occasionally were
upper air variables, transport time or distance, lake breeze, or other variables significant. (Note,
the ozone and meteorological data for the CART analysis are the same as used in the EPA/Cox
analysis.)

For each monitor, regression trees were developed that classify each summer day (May-
September) by its meteorological conditions. Similar days are assigned to nodes, which are
equivalent to branches of the regression tree. Ozone time series for the higher concentration
nodes are plotted for select sites in Figure 12. By grouping days with similar meteorology, the
influence of meteorological variability on the trend in ozone concentrations is partially removed;
the remaining trend is presumed to be due to trends in precursor emissions or other non-
meteorological influences. Trends over the 13-year period at most sites were found to be
declining, with the exception of Detroit which showed fairly flat trends. Comparison of the
average of the high concentration node values for 2001-2003 v. 2005-2007 showed an
improvement of about 5 ppb across all sites (even Detroit).

The effect of meteorology was further examined by using an ozone conduciveness index
(Kenski, 2008b). This metric reflects the variability from the 13-year average in the number of
days in the higher ozone concentration nodes (see Figure 13). Examination of these plots
indicates:

2002 and 2005 were both above normal, with 2002 tending to be more severe; and

2001-2003 and 2005-2007 were both above normal, with no clear pattern in which
period was more severe (i.e., 0zone conduciveness values were similar at most sites,
2001-2003 values were higher at a few sites, and 2005-2007 values were higher at a
few sites).

Given the similarity in ozone conduciveness between 2001-2003 and 2005-2007, the
improvement in ozone levels noted above is presumed to be due to non-meteorological factors
(i.e., emission reductions).

In conclusion, all three statistical approaches (CART and the two nonlinear regression models)
show a similar result; ozone in the urban areas of the LADCO region has declined during the
1997-2007 period, even when meteorological variability is accounted for. The decreases are
present whether seasonal average ozone, peak values (annual 4™ highs), or a subset of high
days with similar meteorology are considered. The consistency in results across models is a
good indication that these trends reflect impacts of emission control programs.
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