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1.0       OVERVIEW

1.1
Introduction
Ozone is one of six criteria air pollutants that scientists have identified as being particularly harmful to humans and the environment.  National Ambient Air Quality Standards (NAAQS) have been developed for these six pollutants and are used as measurements of air quality.  Ozone is a gas that is not emitted directly into the air, but is created by a chemical reaction between oxides of nitrogen (NOx) and volatile organic compounds (VOCs) in the presence of sunlight and heat.  As a result, ozone is known as a summertime air pollutant. Therefore, the U.S. Environmental Protection Agency (US EPA) mandates seasonal monitoring of ambient ozone concentrations across the country. 
1.2         National Ambient Air Quality Standards (NAAQS)

In 1997, US EPA revised the air quality standard for ozone, replacing the 1979 1-hour standard with an 8-hour ozone standard set at 0.08 parts per million (ppm). An exceedance of the 8-hour ozone NAAQS occurs when a monitor measures ozone above 0.084 ppm (per the rounding convention).  A violation of the NAAQS occurs when the average of the annual fourth highest daily maximum 8-hour ozone values over three consecutive years is equal to or greater than 0.085 ppm. This three-year average is termed the design value for the monitor.  The design value for a nonattainment area is the highest monitor’s design value in the area.  
US EPA designated areas under the 8-hour ozone standard as attainment, nonattainment or unclassifiable, on April 15, 2004. The Cincinnati–Hamilton, OH-KY-IN Area was designated nonattainment under subpart 1 of Section 107 of the CAA. Designations were made based upon monitored air quality data measured during the 2001, 2002 and 2003 ozone seasons. Table 1.1 shows the 2001-2003 ozone monitoring data for the Cincinnati area. The area’s controlling design value was monitored at the Clinton County, Ohio ambient air quality monitor at 0.096 ppm. No ozone monitors are located in Indiana’s portion of the nonattainment area.
Table 1.1
Cincinnati 2001-2003 Air Quality Data used for Designation
	 
	 
	 
	1ST
	2ND
	3RD
	4TH
	2001-2003

	SITE ID
	COUNTY
	YEAR
	8-HR
	8-HR
	8-HR
	8-HR
	AVERAGE

	
	
	
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)

	21-015-0003
	Boone
	2001
	0.085
	0.084
	0.084
	0.083
	 

	21-015-0003
	Boone
	2002
	0.1
	0.095
	0.094
	0.094
	 

	21-015-0003
	Boone
	2003
	0.089
	0.084
	0.079
	0.078
	0.085

	21-037-0003
	Campbell
	2001
	0.1
	0.095
	0.091
	0.088
	 

	21-037-0003
	Campbell
	2002
	0.114
	0.112
	0.107
	0.102
	 

	21-037-0003
	Campbell
	2003
	0.093
	0.091
	0.087
	0.085
	0.092

	21-117-0007
	Kenton
	2001
	0.095
	0.087
	0.084
	0.082
	 

	21-117-0007
	Kenton
	2002
	0.111
	0.107
	0.103
	0.096
	 

	21-117-0007
	Kenton
	2003
	0.094
	0.086
	0.084
	0.079
	0.086

	39-017-0004
	Butler
	2001
	0.098
	0.096
	0.084
	0.083
	 

	39-017-0004
	Butler
	2002
	0.113
	0.105
	0.102
	0.100
	 

	39-017-0004
	Butler
	2003
	0.112
	0.098
	0.098
	0.094
	0.092

	39-017-1004
	Butler
	2001
	0.103
	0.089
	0.089
	0.087
	 

	39-017-1004
	Butler
	2002
	0.108
	0.105
	0.099
	0.098
	 

	39-017-1004
	Butler
	2003
	0.121
	0.107
	0.097
	0.083
	0.089

	39-025-0022
	Clermont
	2001
	0.091
	0.087
	0.084
	0.083
	 

	39-025-0022
	Clermont
	2002
	0.113
	0.101
	0.099
	0.098
	 

	39-025-0022
	Clermont
	2003
	0.105
	0.100
	0.091
	0.090
	0.090

	39-027-1002
	Clinton
	2001
	0.108
	0.108
	0.104
	0.093
	 

	39-027-1002
	Clinton
	2002
	0.112
	0.103
	0.101
	0.099
	 

	39-027-1002
	Clinton
	2003
	0.103
	0.098
	0.097
	0.096
	0.096

	39-061-0006
	Hamilton
	2001
	0.094
	0.092
	0.088
	0.088
	 

	39-061-0006
	Hamilton
	2002
	0.117
	0.107
	0.101
	0.100
	 

	39-061-0006
	Hamilton
	2003
	0.104
	0.103
	0.095
	0.093
	0.094

	39-061-0010
	Hamilton
	2001
	0.105
	0.093
	0.082
	0.080
	 

	39-061-0010
	Hamilton
	2002
	0.101
	0.100
	0.100
	0.096
	 

	39-061-0010
	Hamilton
	2003
	0.096
	0.095
	0.094
	0.087
	0.088

	39-061-0040
	Hamilton
	2001
	0.095
	0.094
	0.088
	0.083
	 

	39-061-0040
	Hamilton
	2002
	0.110
	0.106
	0.097
	0.095
	 

	39-061-0040
	Hamilton
	2003
	0.089
	0.085
	0.084
	0.083
	0.087

	39-165-0007
	Warren
	2003
	0.117
	0.102
	0.101
	0.095
	N/A



These designations became effective on June 15, 2004.  In Indiana, there were 11 areas designated as nonattainment (See Figure 1.1). Every ozone nonattainment area within Indiana that contains a monitor has measured attainment of the 8-hour ozone standard, was redesignated to attainment or redesignation has been requested and pending approval by US EPA. No ozone monitors are located in Dearborn County, Indiana (See Figure 1.2), and the Cincinnati–Hamilton, OH-KY-IN Nonattainment Area has not measured air quality that meets the standard.
Figure 1.1

US EPA 2004 Ozone Nonattainment Area Designations
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Figure 1.2

Current Ozone Attainment Status
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This submittal covers Lawrenceburg Township, Dearborn County, IN, which was designated nonattainment as part of the Cincinnati-Hamilton OH-KY-IN Basic Ozone Nonattainment Area, under subpart 1 of Section 107 of the Clean Air Act (CAA).
The Clean Air Act Amendments of 1990 (CAA) required areas designated nonattainment for the ozone NAAAQS to develop State Implementation Plans (SIPs) to expeditiously attain and maintain the standard.  Section 172 of the 1990 CAA stipulates the requirements nonattainment areas must meet, including the development of a plan to reduce VOC and NOx emissions and a demonstration that the area will meet the ambient air quality standard by June 15, 2009.
In accordance with US EPA guidance, this document demonstrates that, with the combination of current clean air measures and the implementation of local and federally-required control measures, air quality in the Cincinnati nonattainment area will meet the ozone standard by the attainment date.  This document contains the eight-hour ozone standard attainment demonstration for the Indiana portion of the nonattainment area.  
1.3 CONTROL STRATEGY 
Several control measures already in place or being implemented over the next few years will reduce stationary point, on-road mobile, and non-road mobile source emissions.  The expected Federal and State control measures were modeled for the attainment year of 2008.
The Federal control measures that were modeled included the Tier 2 vehicle standards; the heavy-duty gasoline and diesel highway vehicle standards; low sulfur gasoline and diesel fuels; large non-road diesel engines standards and the non-road spark-ignition engines and recreational engines standard.

The State control measures that were modeled include the NOx SIP Call and the Clean Air Interstate Rule (CAIR). The control measures included in the modeling are described in greater detail in Section 4.0.
1.4 ATTAINMENT TEST
Because this is a multi-state nonattainment area, the CAA requires the attainment demonstration for ozone to be based on photochemical grid modeling.   A computer model is used to predict maximum ozone concentrations in every grid cell (or point of analysis) within the nonattainment area. 
The attainment test is not based on absolute modeling results, but rather Relative Responses achieved by comparing the modeled base year to the modeled control strategy.  A relative response factor (RRF) is generated for each monitoring location. The benchmark for attainment is that the predicted maximum ozone concentration in every grid cell is below the eight-hour ozone standard.  

In this attainment demonstration, the air quality modeling is used in a relative sense by determining the Relative Response in ozone that will occur between the baseline year (2002) and the attainment modeling year (2008).  Table 1.2 lists the attainment test results for the Cincinnati area. The first two columns are the monitor identification number and the county/state in which the monitor is located.  The next three columns are the modeling base year design value, the RRF and the future design value.  As shown in Table 1.2 below, all of the monitors in the area will be below the standard with the exception of one of the monitors in Hamilton County, OH, which is just above the standard of .085 ppm. According to EPA guidance, areas with future design values between 0.082 and 0.087 ppm need to provide additional weight of evidence that the area will attain the 8-hour ozone standard.
Table 1.2
Attainment Test Results
	Monitor ID
	County

State
	Base Year Design Value

5-year weighted

2000-2004
	2008



	
	
	
	RRF
	Future Design Value

	
	
	(ppm)
	
	(ppm)

	2101500031
	Boone/KY
	.084
	0.901
	.075

	2103700031
	Campbell/KY
	.090
	0.934
	.084

	2111700071
	Kenton/KY
	.085
	0.925
	.079

	3901700041
	Butler
	.090
	0.930
	.083

	3901710043
	Butler
	.088
	0.922
	.081

	3902500221
	Clermont
	.089
	0.928
	.083

	3902710021
	Clinton
	.094
	0.900
	.084

	3906100061
	Hamilton
	.090
	0.946
	.085

	3906100101
	Hamilton
	.086
	0.925
	.079

	3906100401
	Hamilton
	.086
	0.944
	.081

	3916500061
	Warren
	.087
	0.921
	.080


A weight of evidence demonstration relies on the use of supplemental information to support the modeling analysis, demonstrating that the nonattainment area will comply with the ozone standard by the prescribed attainment date.  This demonstration includes an analysis of air quality trends, emission trends, current air quality data, summary of emissions reductions still to occur in 2007, 2008 and 2009, along with additional measures that were not included in the air quality modeling. 

IDEM believes that the modeled attainment demonstration in conjunction with the weight of evidence analyses and an identified set of control measures provides the necessary evidence that the Cincinnati nonattainment area will attain the ozone standard by June 15, 2009.
The structure and content of this document addresses each of the elements required by the CAA.  Compliance with these elements provides the technical analysis necessary to support a demonstration of the following:

· the Cincinnati-Hamilton, OH-KY-IN Basic ozone nonattainment area will attain the 8-hour standard by the attainment date; 

· the air quality in the area is improving;

· emissions reductions from national and regional control measures included in the attainment plan will bring the area into attainment as expeditiously as possible; 

· regional modeling performed by the Midwest Regional Planning Organization and US EPA lead to the same conclusion, that with regional NOx reductions the area will be able to comply with the ozone standard without additional control measures; and
· the implementation of control measures not included in the modeling analysis will provide further assurance that the standard is attained and maintained. 

2.0
BACKGROUND
2.1
Geographical Description
As part of the Cincinnati metropolitan statistical area, a portion of Dearborn County, Indiana, was included in the designated ozone nonattainment area. The entire Cincinnati-Hamilton, IN-OH-KY Ozone Nonattainment area consists of Lawrenceburg Township, Dearborn County, Indiana; Butler, Clermont, Clinton, Hamilton and Warren Counties, Ohio; and Boone, Campbell and Kenton Counties, Kentucky (See Figure 2.1).

Historically, exceedances of the ozone standard have been monitored in Clinton County, located in Ohio, and in Campbell County, located in Kentucky.  There isn’t an air quality monitor located in Dearborn County, Indiana. Figure 2.1 displays where the monitors are located in the counties within the Cincinnati 8-hour ozone nonattainment area. Designations were made based upon monitored air quality data measured during the 2001, 2002 and 2003 ozone seasons.  Table 1.1 shows the monitored design values for the 2001-2003 ozone seasons. 
Figure 2.1
Cincinnati Ozone Nonattainment Area
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US EPA designated areas under the 8-hour ozone standard as attainment, nonattainment or unclassifiable, on April 15, 2004. The Cincinnati ozone nonattainment area was designated as “basic” nonattainment of the ozone standard pursuant to the CAA. As a result, Section 172(c) of the CAA set forth requirements for Ohio, Kentucky and Indiana’s State Implementation Plan (SIP) submittal.

The agencies responsible for assuring the nonattainment area complies with the CAA requirements are:

· The Ohio Environmental Protection Agency (Ohio EPA), which is responsible for Butler, Clermont, Clinton, Hamilton and Warren Counties, Ohio; 
· The Kentucky Department for Environmental Protection, (KDEP) which is responsible for Boone, Campbell and Kenton Counties, Kentucky; and

· The Indiana Department of Environmental Management (IDEM), which is responsible for Lawrenceburg Township, Dearborn County, Indiana.

These three state agencies have worked cooperatively with US EPA Regions IV and V to address attainment planning issues.

Although the three agencies, in the three States, have worked together on a comprehensive plan for the multi-state nonattainment areas, each State is required to make a separate submittal for its portion of the planning components to US EPA.  Attainment demonstrations are SIP submittals and US EPA action on them is taken separately. 

3.0
CLEAN AIR ACT REQUIREMENTS
Section 172(c) of the CAA specifies the various planning requirements that apply to basic ozone nonattainment areas.  Also, because the Cincinnati –Hamilton ozone nonattainment area includes portions of three States, Section 182(j) of the CAA adds additional plan provisions.  The CAA specifies the following requirements:

1 General requirements for Reasonably Available Control Measures (RACM)/Reasonably Available Control Technology (RACT), 
1 Reasonable Further Progress (RFP), 
1 Emission inventories,

1 Identification and quantification of emissions,
1 Permit program for new and modified sources,
1 Other measures,

1 Compliance with section 110(a)(2),

1 Equivalent techniques, 
1 Contingency measures, 
1 Demonstration of attainment based upon photochemical grid modeling or equivalent analytical method, and
1 Mobile source emission budget.
These components are due June 15, 2007.  The following section provides an overview of Indiana’s progress in meeting the CAA requirements mentioned above.

3.1
General Requirements (Section 172(c) (1))
3.1.1 Reasonably Available Control Measures (RACM)
The CAA requires a demonstration that the State has adopted all reasonable and available control measures to demonstrate attainment as expeditiously as practicable and that no additional measures that are reasonably available will advance the attainment date. 
Although preliminary photochemical modeling indicates that no additional control measures are necessary to achieve the ozone standard by the attainment date, IDEM participates in the regional planning effort through the Midwest Regional Planning Organization (MRPO) to evaluate potential control measures to attain the ozone and fine particulate matter standards and achieve regional haze goals. Candidate control measures were evaluated primarily for feasibility, cost effectiveness, and the ability to implement them in a relatively short time frame (i.e., by the May 1, 2008 ozone season). Due mainly to the lengthy rulemaking process in Indiana, many of the control strategies evaluated could not be implemented by the 2008 ozone season and were not pursued since they were not needed to demonstrate attainment. However, IDEM has begun rulemaking on several of the measures evaluated and they are included in this demonstration as contingency measures. Appendix A, “Midwest Regional Planning Organization (RPO), Identification and Evaluation of Candidate Control Measures”, April 14, 2005.  
3.1.2 Reasonably Available Control Technology (RACT)
US EPA’s Phase II Ozone Implementation rule (Appendix B) makes a determination that areas classified under Subpart 1 will meet the CAA’s RACT requirement by submitting a demonstration that shows attainment as expeditiously as practicable, but no later than 5 years after designation. This document will show that this requirement will be met with the implementation of mandatory federal control measures and regional measures implemented in Indiana and Ohio.  
3.2 Reasonable Further Progress (Section 172 (c)(2))
 Based on US EPA’s Phase II Ozone Implementation rule (Appendix B), for areas classified under subpart 1 of the CAA, Reasonable Further Progress (RFP) is met by ensuring emissions reductions needed for attainment are implemented by the beginning of the ozone season preceding the attainment date (i.e., by May 1, 2008).  As confirmed by regional photochemical modeling and US EPA modeling, no additional local controls are necessary to attain the air quality standard by the attainment date.
3.3 Emission Inventories (Section 172 (c)(3))
US EPA guidance requires the submittal of a comprehensive SIP quality emissions inventory of ozone precursor emissions (volatile organic compounds (VOCs) and oxides of nitrogen (NOx) representative of the base year (2002), and a projection of the emission inventory to the attainment year (2009). The 2002 emission inventory, for Dearborn County, is included as Appendix C. Lawrenceburg Township is a very small portion of the county and accounts for a small percentage of the area, on-road mobile and non-road mobile source categories in the inventory.  However, the largest stationary point source within Dearborn County, an electricity generating facility, is located in Lawrenceburg Township.  To be conservative in demonstrating attainment, the emissions inventory consists of the entire county. IDEM met this requirement through the submittal of the 2002 emission inventories under the Consolidated Emission Reporting Rule (CERR) for the State of Indiana.  
IDEM has submitted a statewide emissions for stationary, area, non-road mobile, on-road mobile to US EPA.  The final 2002 emissions inventory used in the attainment demonstration will be subject to public comment along with the full attainment demonstration. 

3.4 Identification and Quantification of Emissions (Section 172 (c)(4))

Section 172(c)(4) requires the SIP to identify and quantify the emissions of NOx and VOC that sources will be allowed from the construction and operation of major new and modified sources in accordance with  section 173(a)(1)(B), and will not interfere with attainment of the ozone standard by the attainment date.  This requirement is outlined in rule 326 IAC 2-3. 
3.5 Permit Program for New and Modified Major Sources (Section 172 (c)(5))

Section 172 (c) (5) requires the State to implement a permit program consistent with the requirements of Section 173. Indiana has a long standing and fully-implemented New Source Review (NSR) permitting program that is outlined in rule 326 IAC 2-3. Indiana’s NSR program was approved by US EPA, on 10/07/94 (94 FR 24838), as part of the SIP. 

Any facility that is not listed in the 2002 emission inventory, or for the closing of which credit was taken in demonstrating attainment, will not be allowed to construct, reopen, modify, or reconstruct without meeting all applicable permit rule requirements, including an air quality analysis to evaluate whether the new source will threaten the NAAQS.

3.6 
Other Measures (Section 172 (c) (6))
Modeling conducted by US EPA and the Lake Michigan Air Director’s Consortium (LADCO) for future year ozone design values consistently shows that existing emission control measures will bring the Cincinnati area into attainment of the 8-hour ozone NAAQS.  Federal and local control measures to be phased-in or implemented in the next several years will provide even greater assurance that air quality will continue to meet the standard into the future.  
In addition, US EPA modeling conducted to support the Heavy Duty Engine and Highway Diesel Fuel, Tier II/Low Sulfur Fuel and Clean Air Interstate Rule shows that future year design values for the Cincinnati-Hamilton ozone nonattainment area will attain the ozone standard with values below 0.085 ppm.  This same US EPA future year modeling for national emission control strategies demonstrate that the Cincinnati nonattainment area will attain the 8-hour ozone NAAQS without additional local control measures.  
Existing and future national and regional control measures will ensure that attainment in each county will be maintained with an increasing margin of safety over time. These measures are discussed in greater detail in the Control Strategy Section (Section 4.0). 
Therefore, no additional control measures are being implemented and modeled to demonstrate attainment. However, additional control measures are being implemented region-wide to provide assurance of the area maintaining air quality below the standard.
3.7
Compliance with Section 110(a) (2) (Section 172 (c) (7))
Section 172(c) (7) requires nonattainment SIPs to meet the applicable provisions of Section 110(a) (2).  IDEM has reviewed the requirements of Section 110(a) (2) and has concluded that prior rule submittals, along with this attainment demonstration, address the relevant requirements associated with rule development, state implementation plan submissions, and implementation and enforcement of required control measures.
3.8
Equivalent Techniques (Section 172(c) (8))
IDEM has followed US EPA guidance on procedures for modeling, preparing emission inventories and plan submittal, therefore IDEM is not requesting approval for equivalent techniques, as allowed under Section 172(c)(8).

3.9
 Contingency Measures (Section 172 (c) (9))
Section 172 (c) (9) of the CAA requires States with ozone nonattainment areas to include contingency measures as part of their attainment demonstration.  Contingency measures are specific measures to be undertaken in the event that the area fails to attain the standard by the applicable attainment date.  The selected contingency measures are discussed in greater detail in Section 8.0
3.10
Attainment Demonstration (Section 182(j)
For multi-state ozone nonattainment areas, Section 182 (j) of the CAA requires the submittal of an attainment demonstration using photochemical grid modeling or modeling determined by the US EPA Administrator to be equivalent.  Through the Midwest Regional Planning Organization (MRPO), photochemical modeling was conducted using the Comprehensive Air Quality Model with Extensions (CAMx) for this modeled attainment demonstration.  This modeling is being supplemented with regional modeling performed by US EPA in developing the Clean Air Interstate Rule (CAIR) and rulemaking to support national control measures.   Included as Appendix D is a copy of the Technical Support Document, CAMx Modeling Analysis of the Cincinnati-Hamilton, OH-KY-IN Basic Ozone Nonattainment Area, May 2007 (2007 CAMx modeling).  

US EPA modeling guidance for the 8-hour ozone standard (Guidance on the Use of Models and other Analyses for Demonstrating Attainment of Air Quality Goals for Ozone, PM2.5 and Regional Haze, Appendix E) stipulates that the following elements be included in an approvable attainment demonstration submittal:

· photochemical grid modeling analysis;

· air quality trends analysis;

· emissions trends analysis;

· identification of control measures factored into the modeling analysis as well as those not factored into the modeling analysis; and

· identification of mobile source emission budgets (NOx and VOC) for transportation conformity purposes.

Each element of the Attainment Demonstration is described briefly below and in more detail in the Technical Elements of Demonstration (Section 5) and Mobile Source Emission Budgets (Section 7.0).
3.10.1   Photochemical grid modeling

A more detailed discussion of the photochemical grid modeling, model selection, methodologies, meteorology, model input and analysis method is included in the Photochemical Modeling Analysis Section of the Technical Element of Demonstration (Section 5.1). 

3.10.2
  Air Quality Trends Analysis

Implementation of control strategies has resulted in a significant improvement in air quality in the Cincinnati ozone nonattainment area.  Data show emissions are decreasing, air quality peak values are on the decline, and the number of exceedances is also decreasing. 

The technical data, included in Section 5 of this document, show a significant and continual decline in the ozone design value since 2001.  In fact, the area’s 2006 design value is close to the lowest level possible without showing attainment of the ozone standard. 

Table 3.1 shows the decline in the controlling ozone design value
 for the Cincinnati ozone nonattainment area.  During the 2001-2003 time period, the Clinton County ambient ozone monitor represented the area’s controlling ozone design value.  As shown in this table, the area’s design value has declined by at least 0.010 ppm since being designated as nonattainment.  

A more complete picture of the air quality improvement in the Cincinnati ozone nonattainment area is shown in Table 5.6 and Chart 5.1, included in Section 5.2 of this document.  These data show that the design values for each county’s ambient ozone monitor in the nonattainment area decreased by 0.004 - 0.017 ppm, between 1996 and 2006. 

Table 3.1
Controlling Ozone Design Values for the Cincinnati Nonattainment Area

	Year
	Design Value [in ppm] (Monitor Location)
	3-Year Period

	2006
	.086 (Warren)
	2004-2006

	2005
	.089 (Warren)
	2003-2005

	2004
	.091 (Clinton)
	2002-2004

	2003
	.096 (Clinton)
	2001-2003


3.10.3
  Emissions Trends Analysis

Control measures have been implemented requiring substantial emissions reductions from mobile, industrial, and area sources.  As shown in Charts 3.1 and 3.2 below, a comparison of actual 1999 and 2002 VOC emissions for the nonattainment area show an overall regional reduction of approximately 55%. A similar comparison for NOx emissions shows an overall regional reduction of 23 % over the same time period.

As shown in Charts 3.3 and 3.4 below, between 1999 and 2002, region-wide VOC emissions from the point source category have been reduced by approximately 46% and by 33% in NOx emissions.  The emissions from this source category and the entire inventory are projected to decrease further by the 2009 attainment date. 

A more detailed discussion of emission trends is included in the Technical Elements of Demonstration (Section 5.3).
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3.11     Mobile Source Emissions Budgets
US EPA requirements outlined in 40 CFR 93.118(e) (4) stipulate that a mobile source emissions budget (for both NOx and VOC) be established as part of the attainment demonstration.  The mobile source emissions budget is necessary to demonstrate conformity of transportation plans with the state implementation plan.   

The purpose of transportation conformity is to ensure that Federal transportation actions occurring in the nonattainment area do not hinder the area from attaining and maintaining the 8-hour ozone standard. This means that the level of emissions estimated by the metropolitan planning organization for the Transportation Implementation Plan (TIP) and the Long Range Transportation Plan must not exceed the motor vehicle emission budgets as defined in this attainment demonstration. 
In general, while the total vehicle miles traveled (VMT) has increased throughout the region, mobile source emission levels have decreased significantly since 1999. This decline in emissions is a result of federal motor vehicle control requirements and cleaner motor fuels.
The motor vehicle emission budgets are included in Section 7.0 of this document. 
4.0
CONTROL STRATEGY

Several control measures already in place or being implemented over the next few years will reduce point, on-road mobile and non-road mobile source emissions. The Federal and State control measures included in the photochemical modeling for the future year design value are discussed below.

4.1 Tier 2 Vehicle Standards

Federal Tier 2 vehicle standards will require all passenger vehicles in a manufacturer’s fleet, including light-duty trucks and sport utility vehicles (SUVs), to meet an average standard of 0.07 grams of NOx per mile.  Implementation began in 2004, and should be completely phased in by 2007. The Tier 2 standards also cover passenger vehicles over 8,500 pounds gross vehicle weight rating (the larger pickup trucks and SUVs), which are not covered by the current Tier 1 regulations.  For these vehicles, the standards will be phased in beginning in 2008, with full compliance in 2009. The new standards require vehicles to be 77% to 95% cleaner than those on the road today.  The Tier 2 standards also reduce the sulfur content of gasoline to 30 ppm starting in January 2006.  Most gasoline sold in Indiana prior to January 2006 had a sulfur content of about 500 ppm.  Sulfur occurs naturally in gasoline, but interferes with the operation of catalytic converters on vehicles resulting in higher NOx emissions. Lower sulfur gasoline is necessary to achieve the Tier 2 vehicle emission standards. 

4.2        Heavy-Duty Gasoline and Diesel Highway Vehicles Standards

New US EPA standards designed to reduce NOx and VOC emissions from heavy-duty gasoline and diesel highway vehicles began to take effect in 2004.  A second phase of standards and testing procedures, beginning in 2007, will reduce particulate matter from heavy-duty highway engines, and will also reduce highway diesel fuel sulfur content to 15 ppm since the sulfur can damage emission control devices.  The total program is expected to achieve a 90% reduction in direct particulate matter (PM) emissions and a 95% reduction in NOx emissions for these new engines using low sulfur diesel, compared to existing engines using higher-content sulfur diesel. 

4.3       Large Non-road Diesel Engines Standards
In May 2004, US EPA promulgated new rules for large non-road diesel engines, such as those used in construction, agricultural and industrial equipment, to be phased in between 2008 and 2014.  The non-road diesel rules also reduce the allowable sulfur in non-road diesel fuel by over 99%.  Non-road diesel fuel currently averages approximately 3,400 ppm sulfur.  This rule limited non-road diesel sulfur content to 500 ppm in 2006 and 15 ppm in 2010. The combined engine and fuel rules would reduce NOx and PM emissions from large non-road diesel engines by over 90%, compared to current non-road engines using higher-content sulfur diesel.

4.4       Nonroad Spark-Ignition Engines and Recreational Engines           Standard
The new standard, effective in July 2003, regulates NOx, VOCs and carbon dioxide (CO), for groups of previously unregulated non-road engines.  The new standard applies to all new engines sold in the United States and imported after the standards went into effect.  The standard applies to large spark-ignition engines (forklifts and airport ground service equipment), recreational vehicles (off-highway motorcycles and all-terrain vehicles), and recreational marine diesel engines.  The regulation varies based upon the type of engine and vehicle. 

The large spark-ignition engines contribute to ozone formation and ambient CO and PM levels in urban areas.  Tier 1 of this standard was implemented in 2004 and Tier 2 is scheduled to start in 2007.  Like the large spark-ignition, recreational vehicles contribute to ozone formation and ambient CO and PM levels.  For the off-highway motorcycles and all-terrain vehicles, model year 2006, the new exhaust emission standard was phased-in by 50% and for model year 2007 and later, at 100%.  Recreational marine diesel engines over 37 kilowatts are used in yachts, cruisers, and other types of pleasure craft. Recreational marine engines contribute to ozone formation and PM levels, especially surrounding marinas.  Depending on the size of the engine, the standard began phasing-in in 2006.
When all of the non-road spark-ignition engines and recreational engine standards are fully implemented, an overall 72% reduction in VOCs, 80% reduction in NOx and 56% reduction in CO emissions are expected by 2020. These controls will help reduce ambient concentrations of ozone, CO and fine PM.

4.5       NOx SIP Call

The US EPA NOx SIP Call required twenty-two (22) states to adopt rules that would result in   significant emission reductions from large electric generating units (EGUs), industrial boilers, and cement kilns in the eastern United States.  Indiana adopted this rule in 2001.  Beginning in 2004, this rule accounts for a reduction of approximately thirty-one percent (31%) of all NOx emissions statewide compared to previous uncontrolled years. 

Twenty-one other states have also adopted these rules, including Ohio and Kentucky.  The result is that significant reductions have occurred upwind and within the Cincinnati ozone nonattainment area because of the number of affected units within the region.  
4.6       Clean Air Interstate Rule (CAIR)
On May 12, 2005, the US EPA promulgated the “Rule to Reduce Interstate Transport of Fine Particulate Matter and Ozone (Clean Air Interstate Rule); Revisions to Acid Rain Program; Revisions to the NOx SIP Call”, referred to as CAIR.  This rule established the requirement for States to adopt rules limiting the emission of NOx and sulfur dioxide (SO2) and a model rule for the states to use in developing their rules.  The purpose of CAIR is to reduce interstate transport of precursors to fine particulate and ozone. 

CAIR applies to (1) any stationary, fossil-fuel-fired boiler or stationary, fossil-fuel-fired combustion turbines, a generator with nameplate capacity of more than 25MWe producing electricity for sale and (2) for a unit that qualifies as a cogeneration unit during the 12 month period starting on the date that the unit first produces electricity and continues to qualify as a cogeneration unit, a cogeneration unit serving at any time a generator with a nameplate capacity of more than 25 MWe and supplying in any calendar year more than one-third of the unit’s potential electric output capacity or 219,000 MWh, whichever is greater to any utility power distribution system for sale. 
This rule provides annual State caps for NOx and SO2 in two phases, with the Phase I caps for NOx and SO2 starting in 2009 and 2010, respectively.  Phase II caps become effective in 2015.  The US EPA is allowing the caps to be met through a cap and trade program if a State chooses to participate it the program. 
In response to US EPA’s rulemaking, IDEM adopted its state rule in 2006 based on the federal rule.  IDEM’s rule includes an annual and seasonal NOx trading program, and an annual SO2 trading program. This rule requires compliance beginning in 2009.
5.0
TECHNICAL ELEMENTS OF DEMONSTRATION

This section presents details of the technical work done to analyze air quality data to demonstrate attainment of the ozone standard. The results of the computer modeling and an analysis of air quality and emissions inventory trends presents strong evidence that pending control measures will improve air quality, thereby assuring air quality levels below the ozone standard by June 15, 2009.
5.1 
Photochemical Modeling Analysis
Section 182(j) of the Clean Air Act (CAA) requires that photochemical grid modeling be used to demonstrate attainment in multi-state ozone nonattainment areas.  The attainment modeling analysis for the Cincinnati ozone nonattainment region was performed in conjunction with the fine particulate matter (PM2.5) and regional haze modeling conducted by the Midwest Regional Planning Organization (MRPO).  The MRPO is made up of the five Midwest states (Illinois, Indiana, Michigan, Ohio and Wisconsin) and the Lake Michigan Air Directors Consortium (LADCO). The following paragraphs briefly describe the methods, inputs used and major components of this analysis. 

5.1.1 Modeling Methodology
The modeling analysis is a complex technical evaluation that begins with selection of the modeling system.  The MRPO decided to use the following modeling system:


*
Meteorological Model: Mesoscale Model (MM5) version 3.6.1


*
Emissions Model:  Emissions Modeling System (EMS-2003)


*
Air Quality Model: Comprehensive Air Quality Model with Extensions (CAMx version 4.30).
Additionally, a base year is selected to model that represents typical meteorological conditions in the region when high ozone, PM2.5 and poor visibility are observed. Once the year is selected, meteorological inputs are developed using the meteorological model.  Emission inventories are also constructed for the base year and processed through the emissions model.  These inputs are used in the air quality model to predict ozone, PM2.5 and visibility, with the results compared to the historical data. The model performance is evaluated by comparing the modeled predicted data to historic air quality data.

Once model performance is deemed adequate, typical baseline and future year emissions are processed through the emissions model.  For this demonstration, the baseline year is 2002 (based on EPA guidance) which corresponds with the same year as the historic meteorology used in the modeling.  The attainment future year selected for this demonstration is 2008, since the mandatory attainment date for the Cincinnati area is June 15, 2009.  The attainment date is set prior to the completion of the 2009 ozone season; therefore attainment of the standard would have to be met by the end of the 2008 ozone season.  Theses emissions are processed through the air quality model with the meteorological inputs.  The air quality modeling results are used to determine a Relative Response in future ozone, which is used in the attainment demonstration.  

Following US EPA guidelines, a modeling protocol was prepared by LADCO and approved by US EPA in 2006. The complete modeling protocol used for this analysis can be found in Appendix G.
5.1.2
Modeling Preparation and Objectives

The modeling analysis included (1) preparation of a protocol; (2) preparation of emission inventories; (3) preparation of meteorological inputs; (4) application of the model and diagnostic analysis of inputs; (5) evaluation of performance; (6) evaluation of reduction scenarios and (7) analysis of modeling results.   The specific objectives of the analysis were to:


*
apply the model to 2002 meteorological and emissions data and evaluate CAMx model performance,


*
prepare future-year (2008/2009) emissions to evaluate future federal, regional and local emission control strategies for the attainment of federal ozone standards, and 


*
run the model for the future year to evaluate the combined effects of growth and emission reductions resulting from national, regional and local measures.

5.1.3
Model Selection

Title 40 Code of Federal Regulations, Part 51, Appendix W does not offer specific recommendations for photochemical models to be used for attainment demonstrations. However, the models selected must be scientifically appropriate for the intended application and be freely available for review and available to stakeholders and their consultants for execution and verification at no or low cost. Each of the models selected for use in this analysis meets these criteria and has been peer reviewed. Past performance has shown that the models are not biased toward under or overestimates. 

The air quality model selected for this technical analysis was CAMx (version 4.30), an Eulerian photochemical grid model developed by ENVIRON and approved by US EPA for this use. CAMx allows for integrated “one-atmosphere” assessment of ozone and Pm2.5.  More notable features of CAMx include flexi-nesting, which allows for reconfiguration of nested grids within the model, multiple gas phase chemistry mechanism options, Plume-in-Grid (PiG) and Ozone Source Apportionment Technology.  CAMx modeling is performed on a Linux computing platform with a Portland Group (PGI) Fortran compiler to create executable files. 
5.1.4
Meteorology Selection

The final version of the U.S. EPA’s “Guidance on the Use of Models and Other Analyses for Demonstrating Attainment of Air Quality Goals for Ozone, PM2.5 and Regional Haze” (EPA-454/B-07-002, April 2007) recommends using episode days with peak 8-hour ozone model predictions of 0.085 parts per million or higher in the attainment test.  
Four criteria are recommended by U.S. EPA to be met in order to establish meteorology and time periods to base an adequate attainment demonstration.  The four factors are: 

1) simulate a variety of meteorological conditions during a summer in which observed 8-hour daily maxima for ozone is greater than .084 ppm at multiple monitoring sites; 

2) model time periods in which observed concentrations are close to the baseline design value; 

3) model periods for which extensive air quality/meteorological data exists; and 

4) model a sufficient number of days so the modeled attainment test applied at each monitoring site violating the NAAQS is based on multiple episode days.  

Meteorological conditions are one of the most important factors that influence ozone development and transport.  A temperature analysis was conducted to determine how the temperatures during the high ozone months of May, June, July, August and September compare to normal temperatures for the Cincinnati nonattainment area.  Temperature information was taken from the National Weather Service (NWS) Station at Cincinnati Municipal Airport in Lunke, Ohio (Station Number 331576).  Table 5.1 shows the average maximum temperatures and the percent difference from normal for each year.
Table 5.1

Analysis of Maximum Temperatures for the Cincinnati Nonattainment Areas 

(Percent Change from Maximum Temperature (oF) Normal (1971 – 2000))
	
	Normal 
	1997
	1998
	1999
	2000
	2001

	
	Max
	Max
	%
	Max
	%
	Max
	%
	Max
	%
	Max
	%

	May
	74.8
	67.2
	-10
	76.8
	3
	75.7
	1
	75.6
	1
	75.1
	0

	June
	82.7
	77.6
	-6
	80.4
	-3
	83.6
	1
	81.2
	-2
	80.1
	-3

	July
	86.7
	86.3
	0
	83.4
	-4
	89.9
	4
	81.9
	-6
	83.9
	-3

	August
	85.1
	81.4
	-4
	85.4
	0
	83.9
	-1
	81.4
	-4
	83.8
	-2

	September
	78.7
	77.3
	-2
	84.1
	7
	81.9
	4
	74.9
	-5
	74.5
	-5

	AVE. May-Sept.
	81.6
	77.9
	-4
	82
	1
	83
	2
	79
	-3
	79.5
	-3

	 
	Normal 
	2002
	2003
	2004
	2005
	2006

	 
	Max
	Max
	%
	Max
	%
	Max
	%
	Max
	%
	Max
	%

	May
	73.5
	70.5
	-6
	70.5
	-6
	76.5
	2
	71.6
	-4
	71.9
	-4

	June
	82.1
	83.1
	0
	76.9
	-7
	80.4
	-3
	85.3
	3
	80.1
	-3

	July
	85.6
	89
	3
	83.5
	-4
	82.3
	-5
	86.5
	0
	86.7
	0

	August
	83.7
	88
	3
	83.5
	-8
	80.2
	-6
	87.5
	3
	87
	2

	September
	77.4
	82.8
	5
	74.6
	-5
	79
	0
	81.6
	4
	73.1
	-7

	AVE. May-Sept.
	80.5
	82.7
	1
	77.8
	-5
	79.7
	-2
	82.5
	1
	79.8
	-2


Cincinnati’s monthly maximum temperatures for the previous ten years (1997 – 2006) during the summer months of May, June, July, August, and September are compared to normal summer month temperatures in Table 5.1.  Overall, the temperatures during the 1998, 1999, 2002 and 2005 summer months were 1% to 2% above normal while temperatures during the 2000, 2001, 2003, 2004 and 2006 summer months were normal to 3% - 5% lower than the normal temperatures

The modeling used for this attainment demonstration focused on the summer months of June, July and August of 2002.  The meteorological period meets the four criteria listed above.  The number of days that were modeled with concentrations at 0.085 ppm or greater for each of the Ohio and Kentucky monitors can be found in Table 5.2.
Table 5.2

Number of Modeled Days Exceeding 0.085 ppm for Ozone Attainment Test

	County
	Monitor ID
	Number of Days at

.085 ppm or greater

	Boone
	210150003
	29

	Campbell
	210370003
	26

	Kenton
	211170007
	29

	Butler
	390170004
	21

	Clermont
	390250022
	25

	Clinton
	390271002
	14

	Hamilton
	390610006
	25

	Warren
	391650007
	22


Episodes are based upon weather features such as location of high or low pressure systems influencing the area, wind speed and wind direction.  Modeling episodes were selected on the basis of similarity of peak ozone to the design value with the minimum baseline threshold value of 0.085 ppm (recommended by US EPA), frequency of the episode type’s occurrence, data availability, and geographic extent of high concentrations.   Ozone episodes usually feature surface high-pressure systems and upper-level ridges which generally bring sunny skies, hot temperatures, light winds and trap ozone closer to the ground.  US EPA recommends a minimum of 10 modeled days in order to produce a robust relative response factor (RRF) for the attainment test.

5.1.5
Modeling Domain

The domain for this modeling analysis was approximately centered on the Midwest portion of the country, including the Cincinnati nonattainment area.  The meteorological modeling domain consisted of a 36 kilometer grid that extended over the entire continental United States with a 12 kilometer modeling domain over the Midwest and Central parts of the United States.  The photochemical modeling grid consisted of a 36 kilometer grid with a 2-way nested 12 kilometer grid over the MRPO 5-state region and adjacent states.  Selection of the domain was based upon distribution of emission sources, locations of meteorological and air quality monitoring sites, and typical meteorological conditions associated with ozone episodes in the area.  Figure 5.1 shows the meteorological and emissions modeling domain.

Figure 5.1
MRPO Modeling Domains

Meteorological                                                    Photochemical
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Meteorological inputs were processed using the National Center for Atmospheric Research (NCAR) 5th generation Mesoscale Model (MM5) version 3.6.1.  A more detailed explanation of the inputs for the MM5 model are listed on page 3 of 30 of the “Addendum Modeling Protocol: Technical Details” (Baker 2006), included in Appendix H.


5.1.6
Emissions and Chemistry Inputs

Emissions data for input to the photochemical model were processed using the Emissions Modeling System (EMS-2003).  Anthropogenic emissions were determined for weekday, Saturday and Sunday for each month.  Point and area source emission inventories were developed from 2002 National Emission Inventory (NEI), State Consolidated Emissions Reporting Rule (CERR) submittal and inventories received from surrounding Regional Planning Organizations.  

On-road emissions were estimated using the MOBILE6.2 model and vehicle miles traveled (VMT) taken from the 2002 NEI.  On-road temporal data were based on traffic count data and default temporal tables were modified for better weekend day VMT data.  Off-road emissions were estimated with NONROAD2004 and NMIH models.

Biogenic emissions were estimated with EMS-2003 using the Biogenic Emissions Inventory System (BEIS3) model.  Land use dataset, taken from the Biogenic Emissions Land use Database (BELD3) was input to the biogenic model.  Temperature data output and hourly satellite photosynthetically activated radiation (PAR) were also input into the biogenic emissions model.

Photolysis rates used in the model were calculated from the Tropospheric Ultraviolet-Visible (TUV) radiation model.  Gas phase chemistry was based on Carbon Bond IV (CB4) results for high NOx conditions, found in more urban areas and regional acid deposition model (RADM) and Statewide Air Pollution Research Center (SAPRC99) mechanism were developed for low NOx conditions, found in more rural areas.  The Secondary Organic Aerosol Formation/Partitioning (SOAP) organic chemistry and Inorganic Aerosol Thermodynamics/Partitioning (ISORROPIA) for inorganic chemistry were used in CAMx v4.30.

5.1.7
Comparison of Predicted and Actual Ozone Values

The purpose of the CAMx photochemical model is to predict ozone levels in the future; therefore its performance can be verified by comparing projected episodes to actual episodes of the projected year. The modeled concentrations were similar to actual 2002 monitored concentrations both in character and ozone level.  The combination of high temperatures, lighter winds and clear days that maximize ozone production and transport are evident in 2002.  2002 is considered an extreme ozone summer because 8-hour ozone readings throughout the Midwest were at high levels in many areas of the modeling domain.  


5.1.8
Model Performance

Various inputs such as emissions, air quality, and meteorology were assembled and the model was run for the summer of 2002.  This simulation used actual emissions and meteorology from 2002 which were modeled to predict ozone concentrations throughout the domain.  CAMx performance was compared to US EPA acceptance criteria and found to be acceptable.  It was concluded that base case inputs and simulation results provided an adequate basis for the evaluation of the effects of future-year emissions changes on ozone within the modeling domain.
One way to assess model performance is to compare the time series plots; which compare the observed monitored data with the modeled concentrations.  Figure 5.2 below shows the time series plots for Butler and Clinton Counties in the Cincinnati nonattainment area.  The diurnal (daily) pattern of ozone can be seen for each day and the concentrations track fairly well.  The observed monitored concentrations are compared to both the modeled concentration at the grid cell that the monitor resides and the modeled concentration at the array of grid cells surround the monitor.  The better the ozone concentrations compare, the better the model performance.  
Figure 5.2

Time Series Plots for Cincinnati 8-Hour Ozone Nonattainment Area

Cincinnati (Butler County), OH 
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Model performance metrics that US EPA recommend be used to evaluate the accuracy of the modeled concentrations compared to the observed concentrations are:

1) Mean Normalized Bias (MNB) – Averages the model/observation residual, paired in time, normalized by observations over all monitors

2) Mean Normalized Gross Error (MNGE) – Averages the absolute value of the  model/observation residual, paired in time, normalized by observations over all monitors

3) Average Peak Prediction Bias and Error - Assesses the ability of the model to predict daily peak 1-hour and 8-hour ozone, considering only the daily maxima data at each monitoring location.

Examples of the LADCO Round 4 model performance, based on the MNB and MNGE, are found in Figure 5.3 As shown in this figure, the performance improves as the minimum 8-hour ozone threshold increases, from 0.020 ppm to 0.060 – 0.080 ppm.
Figure 5.3
Model Performance Metrics for LADCO’s Round 4 Attainment Demonstration

Mean Normalized Bias
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Mean Normalized Gross Error

US EPA guidance recommends that model performance thresholds for Mean Normalized Bias fall within + 15 % and within 35% for Mean Normalized Gross Error.

Results of the model performance show that the LADCO Round 4 ozone modeling is within model performance guidance and is acceptable as SIP quality photochemical modeling.


5.1.9
Future-year Applications

After the base episodes were modeled and determined to be within accuracy parameters, several future-year exercises were performed such as projecting emissions to 2008 and 2009 and modeling the projected emission reductions from national, regional and local control measures that are in  effect or considered “on the books”.  This includes the NOx SIP Call and Clean Air Interstate Rule (CAIR) as well as the latest gasoline and engine control measures.


5.1.10
Results of 2002/2008 CAMx Modeling Analysis

The modeled attainment demonstration consists of analyses that estimate whether existing and future emissions reductions along with appropriate growth factors for future emissions will result in future ambient concentrations that will meet the NAAQS and identify a set of emission control measures that will ensure that an area will continue to attain the NAAQS in the future.  In order to make this determination, a modeled attainment test is required.  The modeled attainment test is an analysis that uses an air quality model (i.e., photochemical model – CAMx) to simulate current and future air quality for a region.  US EPA recommends this test be used in a “relative” sense rather than an “absolute” sense.  Future year design values are calculated using the RRF and gives a relative estimate of modeled concentrations, based on growth and control factors.
Attainment Test

In modeling the current and future air quality, ratios of the future modeled air quality to the current modeled air quality at all monitors are calculated.  These ratios are called relative response factors and are used to determine the relative response factors (RRFs) at each monitoring site.  The RRFs are then multiplied by the observation-based, monitor-specific, “baseline” design value. The resulting modeled future design value is then compared to the NAAQS.

The formula used to calculate the relative response factor and the future year design value from the attainment test is listed below:

Relative Response Factor

RRF = (mean 8-hour daily future maximum modeled concentration) / (mean 8-hour daily baseline maximum modeled concentration)

Modeled Attainment Test

DVf = RRF * DVb

DVb = baseline concentration monitored design value

RFF = relative response factor

DVf = estimated future design value for the attainment period 

Table 5.3 shows the results of the 2008 modeling and illustrates that all monitored areas in the Cincinnati nonattainment area will attain the NAAQS with the exception of the Hamilton County, OH ozone monitor (monitor ID 390610006).  
Table 5.3

LADCO Round 4 Modeling for Cincinnati Nonattainment Area 
Modeled Attainment Year 2008

	Monitor
	County
	AVGDV
	RRF
	FYDV

	
	
	(ppm)
	
	(ppm)

	3901700041
	Butler
	.089
	0.93
	0.083

	3901710043
	Butler
	.087
	0.922
	0.080

	3902500221
	Clermont
	.089
	0.928
	0.082

	3902710021
	Clinton
	.094
	0.900
	0.084

	3906100061
	Hamilton
	.090
	0.946
	0.085

	3906100101
	Hamilton
	.085
	0.925
	0.079

	3906100401
	Hamilton
	.086
	0.944
	0.081

	3916500061
	Warren
	.087
	0.921
	0.080

	2101500031
	Boone
	.083
	0.901
	0.075

	2103700031
	Campbell
	.090
	0.934
	0.084

	2111700071
	Kenton
	.085
	0.925
	0.078


US EPA’s ozone modeling guidance allows states to conduct a “weight-of-evidence” (WOE) demonstration if future year modeled design values are “close” to the standard (i.e., 0.082 - 0.087 ppm), to determine if aggregate supplemental information support the modeling result.

5.1.11
Results of 2002/2009 CAMx Modeling Analysis

Further modeling show that the area will attain the standard (future year value below 0.085 ppm) in 2009 and continue to maintain the standard thereafter.  Table 5.3 shows the results of the 2009 modeling and illustrates that all monitored areas in the Cincinnati nonattainment area will attain the NAAQS.  

Table 5.4
LADCO Round 4 Modeling for Cincinnati Nonattainment Area 
Modeled Attainment Year 2009
	Monitor
	County
	AVGDV
	RRF
	FYDV

	
	
	(ppm)
	
	(ppm)

	3901700041
	Butler
	0.089
	0.919
	0.082

	3901710043
	Butler
	0.087
	0.910
	0.079

	3902500221
	Clermont
	0.089
	0.919
	0.081

	3902710021
	Clinton
	0.094
	0.885
	0.083

	3906100061
	Hamilton
	0.090
	0.938
	0.084

	3906100101
	Hamilton
	0.085
	0.915
	0.078

	3906100401
	Hamilton
	0.086
	0.938
	0.080

	3916500061
	Warren
	0.087
	0.908
	0.079

	2101500031
	Boone
	0.083
	0.890
	0.074

	2103700031
	Campbell
	0.090
	0.928
	0.084

	2111700071
	Kenton
	0.085
	0.915
	0.077


5.2
Unmonitored Area Analysis

Dearborn County has been included in the Cincinnati nonattainment area, however there is no current air quality ozone data available for the county. Therefore, it is difficult to assess the exact air quality in the county.  US EPA has addressed this issue in the attainment test guidance.  The purpose of the unmonitored analysis is to use photochemical modeling and ambient air quality data from surrounding monitors to identify areas, without ozone monitors, that might exceed the 8-hour ozone NAAQS.

Interpolating concentrations between surrounding monitors is the best way to determine concentrations in unmonitored areas; generally concentrations at unmonitored areas will be the same or lower than nearby monitored locations.  The monitors in the area surrounding Dearborn County show a downward trend in air quality values, as shown in Table 5.5.  The 3-year average design values over the past seven years has shown decreasing ozone concentrations in the southeast Indiana area.  Monitors reviewed represent upwind monitors in Boone and Kenton Counties in Kentucky and Clark County (Louisville area) and Jackson County, in Indiana and nearby downwind monitors in Hamilton County in Ohio (refer to Figure 5.2).  
Table 5.5

Design Values for Surrounding Upwind and Downwind Ozone Monitors 
	Monitor
	County
	2001-2003
	2002-2004
	2003-2005
	2004-2006

	
	
	(ppm)
	(ppm)
	(ppm)
	(ppm)

	210150003
	Boone
	0.085
	0.081
	0.077
	0.074

	211170007
	Kenton
	0.086
	0.083
	0.079
	0.077

	390610010
	Hamilton
	0.088
	0.086
	0.082
	0.080

	390610004
	Hamilton
	0.087
	0.085
	0.082
	0.080

	180190003
	Clark
	0.092
	0.088
	0.081
	0.077

	180710001
	Jackson
	0.085
	0.080
	0.075
	0.073


Figure 5.4
Map of Monitors Upwind and Downwind of Dearborn County

[image: image12.emf]Adams

Rush

Butler

Brown

Ripley

Clark

Preble

Jackson

Highland

Shelby

Bath

Owen

Clinton

Marion

Warren

Scott

Harrison

Fayette

Greene

Shelby

Clermont

Henry

Brown

Franklin

Hamilton

Grant

Decatur

Washington

Fleming

Jefferson

Jennings

Jefferson

Scott

Boone

Johnson

Harrison

Dearborn

Mason

Bourbon

Union

Fayette

Bartholomew

Pendleton

Floyd

Franklin

Bracken

Oldham

Nicholas

Kenton

Trimble

Switzerland

Carroll

Woodford

Ohio

Campbell

Gallatin

Robertson


In addition, modeled concentrations at the surrounding ozone monitors in the area show the entire area will attain the NAAQS.  The monitors closest to Dearborn County will attain the NAAQS by 2008.  Table 5.6 shows the future year modeled results, taken from the US EPA and LADCO modeling, showing the ozone monitors surrounding Dearborn County will have design values below 0.085 ppm and will attain the 8-hour ozone NAAQS.  It can be concluded that Dearborn County will have concentrations that are the same or less than the surrounding monitors and will also attain the 8-hour ozone NAAQS.

Table 5.6
Modeled Future Year Design Values 
for Surrounding Upwind and Downwind Ozone Monitors 
	Monitor
	County
	US EPA CAIR

2010

(ppm)
	LADCO CAIR

2008

(ppm)
	LADCO CAIR

2009

(ppm)

	210150003
	Boone
	0.0731
	0.0753
	0.0745

	211170007
	Kenton
	0.0756
	0.0847
	0.0778

	390610010
	Hamilton
	0.0786
	0.0793
	0.0784

	390610040
	Hamilton
	0.0786
	0.0812
	0.0807

	180190003
	Clark
	0.0780
	0.0834
	0.0825

	180710001
	Jackson
	N/A
	0.0737
	0.0724


5.3
Air Quality Trends
One benchmark for attainment with the ozone standard is the area’s design value.  Table 5.7 shows the yearly trend in the design value for the area since 2003.  This value is obtained from the fourth-highest value from all the monitor locations in the nonattainment area for the three year period of interest.  The highest of these fourth-high readings is the design value.  

Table 5.7
Ozone Design Values

	Year
	Design Value [in ppm] (Monitor Location)
	3-Year Period

	2003
	.096 (Clinton)
	2001-2003

	2004
	.091 (Clinton)
	2002-2004

	2005
	.089 (Warren)
	2003-2005

	2006
	.086 (Warren)
	2004-2006


Chart 5.1
Ozone Design Values
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As shown in Chart 5.1, the data show a significant and continual decline in this important value since the implementation of the control strategy for the nonattainment area.  In fact, the nonattainment area’s 2004-2006 design value is close to the lowest level possible without showing attainment of the ozone standard.  

To give a more complete picture of the air quality improvement in the nonattainment area, 

Table 5.8 lists the design values for each of the ambient ozone monitors in the eight counties of the nonattainment area:

Table 5.8
Historical Design Values for Cincinnati Nonattainment Area from 1996-2006
	 
	Monitor ID
	96-98
	97-99
	98-00
	99-01
	00-02
	01-03
	02-04
	03-05
	04-06

	
	
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm
	(ppm)
	(ppm)

	Butler Co
	390170004
	0.090
	0.091
	0.089
	0.087
	0.088
	0.092
	0.090
	0.085
	0.080

	Butler Co
	390171004
	0.093
	0.093
	0.091
	0.089
	0.090
	0.089
	0.085
	0.082
	0.080

	Clermont Co
	390250020
	0.091
	0.093
	0.094
	 
	 
	 
	 
	 
	 

	Clermont Co
	390250022
	 
	 
	 
	0.089
	0.090
	0.086
	0.084
	0.079
	0.079

	Clinton Co
	390271002
	0.098
	0.098
	0.099
	0.096
	0.096
	0.092
	0.087
	0.082
	0.081

	Hamilton Co
	390610006
	0.092
	0.092
	0.088
	0.086
	0.090
	0.092
	0.088
	0.085
	0.082

	Hamilton Co
	390610010
	0.084
	0.085
	0.085
	0.082
	0.085
	0.086
	0.085
	0.081
	0.080

	Hamilton Co
	390610040
	 
	 
	 
	0.085
	0.088
	0.086
	0.084
	0.081
	0.080

	Warren Co
	391650006
	0.096
	0.095
	0.093
	0.089
	0.090
	0.086
	0.088
	 
	 

	Warren Co
	391650007
	 
	 
	 
	 
	 
	 
	 
	0.086
	0.086

	Boone Co
	210150003
	0.083
	0.085
	0.086
	0.086
	0.087
	0.085
	0.081
	0.077
	0.074

	Campbell Co
	210371001
	0.088
	0.089
	 
	 
	 
	 
	 
	 
	 

	Campbell Co
	210370003
	 
	 
	 
	 
	0.094
	0.092
	0.088
	0.084
	0.083

	Kenton Co
	211170007
	0.088
	0.089
	0.090
	0.087
	0.088
	0.086
	0.083
	0.079
	0.077


Chart 5.2 shows the design values for the Cincinnati ozone nonattainment area from 1996 through the 2006 period.

Chart 5.2
Ozone Design Values
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Chart 5.3
Ozone Design Values
[image: image15.emf]Three-year Design Values 

2000-2006

0.060

0.065

0.070

0.075

0.080

0.085

0.090

0.095

0.100

Boone Campbell Kenton Butler Butler Clermont Clinton Hamilton Hamilton Hamilton Warren

21-015-0003 21-037-0003 21-117-0007 39-017-0004 39-017-1004 39-025-0022 39-027-1002 39-061-0006 39-061-0010 39-061-0040 39-165-0007

parts per billion

2000-2002 2001-2003 2002-2004 2003-2005 2004-2006 Standard


5.4      Emissions Trends Analysis
Tables 5.9 and 5.10 compare 2002 actual VOC and NOx emissions, which were used in the modeling demonstration, to the projected 2008 and 2009 emissions.  Most of the projected 2009 emissions were lower than the actual 2002 emissions due to the various national, regional and local emission reductions that have been mandated.  The only increases in emissions from 2002 to 2009, based on the current emission control strategies modeled were the VOC point and area source emissions.  The increases were nominal amounts ranging from 1-6%.  These increases can be attributed to growth in the point and area source emission sectors.  Despite these categorical increases, lower ozone concentrations shall occur, due to the larger offsetting emissions decrease from the other emission sectors. 
The county VOC and NOx emissions that were modeled for 2002, 2008 and 2009 were calculated and are listed below.  Table 5.9 shows the VOC emissions that were modeled, broken down by state and by emission source sectors (point, area, mobile, and non-road).  The projected 2008 and 2009 emissions from each of the nonattainment counties in Indiana and Ohio were pulled from the LADCO emission inventory files (Appendix J).  However, the emissions were not able to be extracted for the Kentucky counties because they are located in another regional planning organization.

Table 5.10 shows the NOx emissions that were modeled, broken down by state and by emission source sectors (point, area, mobile, and non-road).  The projected 2008 and 2009 emissions from each of the nonattainment counties in Indiana and Ohio were pulled from the LADCO modeling emission inventory files.  However, emissions for the Kentucky counties were not able to be extracted because they are located in another regional planning organization. 
The information in this section and the tables will be updated with information from Ohio and Kentucky prior to the final submittal of this document. 

Table 5.9
VOC Emission Trends from Photochemical Modeling Inventory
	Area
	Source Category
	2002 Emissions

(tpd)
	2008 Emissions

(tpd)
	2009 Emissions

(tpd)
	% Reduction 2009-2002

	Indiana
Dearborn

County


	Point
	1.28
	1.35
	1.36
	-5.7%

	
	Area
	2.11
	2.20
	2.21
	-4.9%

	
	Mobile 
	3.47
	2.12
	1.89
	45.4%

	
	Nonroad
	0.96
	0.67
	0.63
	34.7%

	
	Total
	7.82
	6.33
	6.09
	22.1%

	Ohio


	Point
	5.26
	5.31
	5.33
	-1.3%

	
	Area
	44.73
	46.34
	46.66
	-4.3%

	
	Mobile 
	61.11
	37.54
	33.70
	44.9%

	
	Nonroad
	24.59
	17.23
	16.04
	34.8%

	
	Total
	135.69
	106.43
	101.72
	25.0%

	Kentucky


	Point
	3.63
	3.85
	3.87
	-6.2%

	
	Area
	22.03
	21.53
	21.59
	2.0%

	
	Mobile 
	37.17
	34.13
	16.21
	56.4%

	
	Nonroad
	8.13
	6.81
	6.61
	18.7%

	
	Total
	70.96
	66.32
	48.28
	32.0%

	Total for

Cincinnati-Hamilton Ozone

Non-attainment Area
	Point
	10.17
	10.51
	10.56
	-3.7%

	
	Area
	68.87
	70.07
	70.46
	-2.3%

	
	Mobile 
	101.75
	73.79
	51.8
	49.1%

	
	Nonroad
	33.68
	24.71
	23.28
	30.9%

	
	Total 

OH/KY/IN
	214.47
	179.08
	156.10
	27.22%


Table 5.10
NOx Emission Trends from Photchemical Modeling Inventory
	Area
	Source Category
	2002 Emissions

(tpd)
	2008 Emissions

(tpd)
	2009 Emissions

(tpd)
	% Reduction

2009-2002

	Indiana
Dearborn

County


	Point
	22.66
	10.71
	10.70
	52.8 %

	
	Area
	1.463
	1.42
	1.42
	3.1%

	
	Mobile 
	4.43
	2.65
	2.36
	46.8%

	
	Nonroad
	0.70
	0.57
	0.55
	21.9%

	
	Total
	29.25
	15.35
	15.021
	48.7%

	Ohio

Counties


	Point
	187.25
	122.77
	117.46
	37.3%

	
	Area
	16.79
	15.76
	15.61
	7.0%

	
	Mobile 
	70.35
	41.98
	37.33
	46.9%

	
	Nonroad
	16.06
	12.78
	12.25
	23.7%

	
	Total
	290.44
	193.29
	182.66
	37.1%

	Kentucky

Counties


	Point
	15.31
	13.23
	4.08
	73.4%

	
	Area
	10.48
	11.32
	11.16
	-6.1%

	
	Mobile 
	28.39
	24.99
	23.13
	18.5%

	
	Nonroad
	21.35
	22.51
	22.28
	-4.2%

	
	Total
	75.53
	72.05
	60.65
	19.7%

	Total for

Cincinnati-Hamilton Ozone

Non-attainment

Area
	Point
	225.22
	146.71
	132.24
	41.3%

	
	Area
	28.73
	28.50
	28.19
	1.9%

	
	Mobile 
	103.17
	69.62
	62.82
	39.1%

	
	Nonroad
	38.11
	35.86
	35.08
	8.0%

	
	Total 

OH/KY/IN
	395.23
	280.69
	258.33
	34.6%


5.5     NOx Emissions
The US EPA NOx SIP Call required twenty-two (22) states to adopt rules that would result in   significant emission reductions from large EGUs, industrial boilers, and cement kilns in the eastern United States.  Indiana adopted this rule in 2001.  Beginning in 2004, this rule accounts for a reduction of approximately thirty-one percent (31%) of all NOx emissions statewide compared to previous uncontrolled years. 

Twenty-one other states have also adopted these rules.  The result is that significant reductions have occurred upwind and within the Cincinnati ozone nonattainment area because of the number of affected units within the region.  From Chart 5.4 it can be seen that emissions covered by this program have been trending downward since 1999.  Table 5.11, compiled from data taken from the U.S. EPA Clean Air Markets website, quantifies the gradual NOx reductions that have occurred in Indiana as a result of Title IV (Acid Rain) of the Clean Air Act Amendments and the first phase of the NOx SIP Call Rule.  This cap will stay in place through 2008, at which time the caps in the CAIR program will supersede it.  

Further, US EPA has recently published Phase II of the NOx SIP Call that establishes a budget for large (greater than 1 ton per day emissions) stationary internal combustion engines.  This rule will decrease emissions statewide from natural gas compressor stations by 4,263 tons during the ozone season.  This rule became effective February 26, 2006.  Implementation of this rule will be in 2007.

TABLE 5.11
Trends in EGU Ozone Season NOx Emissions Statewide in Indiana
	Year
	NOx Emissions
tons / ozone season

	1997
	152,834

	1998
	159,931

	1999
	149,827

	2000
	133,881

	2001
	136,121

	2002
	114,082

	2003
	99,967

	Cap 2004-2009
	43,654


Chart 5.4
Indiana Statewide EGU Ozone Season NOx Emissions
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5.6
Additional Control Measures  
This section provides a summary of the additional control measures that have been or will be implemented in the nonattainment area that were not included in the modeling demonstration.  
5.6.1  Federal  Controls


*
Portable Fuel Container (Gas Can) Controls
US EPA issued a proposed rule on March 29, 2006 (71 FR 15830) to regulate VOC emissions from portable gasoline containers, or gas cans.  Portable fuel containers are consumer products used to refuel a wide variety of gasoline-powered equipment, including lawn and garden equipment, recreational equipment, and passenger vehicles that have run out of gas. The proposed standards would reduce hydrocarbon emissions from evaporation, permeation, and spillage. These standards would significantly reduce benzene and other toxics, as well as VOC more generally. 
The rule proposed a performance-based standard of 0.3 grams per gallon per day of hydrocarbons, based on the emissions from the can over a diurnal test cycle. The standard would apply to gas cans manufactured on or after January 1, 2009. We also propose test procedures and a certification and compliance program, in order to ensure that gas cans would meet the emission standard over a range of in-use conditions. The proposed standards would result in the use of best available control technologies, such as durable permeation barriers, automatically closing spouts, and cans that are well-sealed. 

Emission reductions expected to be 18% by 2009, 54% reduction at full implementation in 2015.

*
Small Non-Road Engine Rule
On April 17, 2007, US EPA proposed a rule to control emissions from new gasoline-powered small non-road engines, including lawn and garden equipment (<25 hp) and recreational watercraft. Under the proposed rule, the exhaust emission standards for Class I non-road engines would take effect in 2012 and for Class II engines in 2011; the watercraft standards would take effect in 2009. EPA anticipates that when fully implemented, the proposed standards would result in a 70 percent reduction in hydrocarbon + NOx emissions and a 20 percent reduction in CO from new engines’ exhaust, as well as a 70 percent reduction in evaporative emissions. 

5.6.2
Indiana Statewide Controls

IDEM is proposing to implement several statewide VOC control rules. Through MRPO consultation, the other MRPO states (Illinois, Indiana, Michigan, Ohio, and Wisconsin) have also agreed to implement a series of similar controls to address regional ozone and particulate matter nonattainment areas in the upper Midwest.  The rules will apply region-wide to consumer and commercial products, automobile refinishing operations, cold cleaning degreasing, architectural and industrial maintenance (AIM)  and Stage I vapor recovery. 


*
Consumer and Commercial Products (326 IAC 8)

Proposed new rule to adopt OTC model rule with additional product coverage and more stringent VOC limits (14.2 % reduction beyond Federal Part 59 rule, for a total reduction of 21% from uncontrolled emissions. 


*
Architectural and Industrial Maintenance (AIM) Coatings (326 IAC 8-14)

This rule will adopt more stringent VOC limits for AIM coatings based on OTC model rule, 21% reduction beyond Federal Part 59 limits.

*
Automobile Refinishing Operations (326 IAC 8-10)

This rule will extend existing regulations statewide.  Expect 55% reduction from uncontrolled emissions, 24% reduction beyond Federal Part 59 limits. 


*
Cold Cleaning Degreasing (326 IAC 8-9)

The existing regulation establishes a vapor pressure limit for solvents used in cold cleaning degreasers in Clark and Floyd Counties.  Reducing the vapor pressure of the solvent used in turn results in decreased emission of VOC and HAP. IDEM proposed new regulations to extend this requirement statewide.   


*
Stage I Vapor Recovery (326 IAC 8-4)
The existing regulation requires gasoline dispensing facilities with a monthly gasoline throughput of 10,000 gallons per month or greater to vapor balance systems to collect gasoline vapors displaced during the transfer of gasoline between storage tanks and delivery trucks. The proposed rulemaking will amend 326 IAC 4-1 to apply to all gasoline dispensing facilities regardless of when the storage tank was installed. IDEM estimates that the rules requiring submerged loading and vapor balancing achieve a 90% reduction in VOC emissions versus uncontrolled underground storage tank loading. 
6.0
WEIGHT OF EVIDENCE (WOE) DEMONSTRATION
US EPA’s ozone modeling guidance allows states to conduct a “weight-of-evidence” (WOE) demonstration if future year modeled design values are “close” to the standard (i.e., .082-.087 ppm), to determine if aggregate supplemental information support the modeling result (see “Guideline on the Use of Models and Other Analysis in Attainment Demonstrations for the 8-hour Ozone NAAQS”, October 2005).

Because the 2008 and 2009 future year design values for the Cincinnati area are so close to the air quality standard (0.0854 and 0.0847 ppm, respectively) Ohio, Indiana and Kentucky are using a weight of evidence demonstration to show that the nonattainment area will in fact attain the ozone standard by June 15, 2009.
The WOE demonstration relies on existing modeling conducted by LADCO and US EPA for CAIR; US EPA modeling results addressing the Heavy Duty Engine and Vehicle Standards and Highway Diesel Fuel Rule, current modeling analysis using an alternate base year (2005), an analysis using an alternate base year design value calculation and additional control measures to be implemented that were not included in the modeling analyses.  The supporting WOE analysis supports the fact that the design value will continue downward and leads to the conclusion that the nonattainment area will comply with the ozone standard by the attainment date.  

6.1
Results from Existing Modeling

6.1.1   US EPA Modeling for Clean Air Interstate Rule (CAIR), 2005
On March 10, 2005, the U.S. EPA finalized the Clean Air Interstate Rule (CAIR). US EPA estimates that NOx emissions from power plants will be cut by 1.7 million tons by 2009 in 28 eastern states and the District of Columbia.  As a result of implementation of CAIR, affected Indiana sources will reduce NOx emissions by 113 thousand tons from 2009 emissions projections without CAIR and 149 thousand tons from 2015 emissions projections without CAIR.  

U.S. EPA performed modeling to support the associated emission reductions.  The modeling was based on 2000 through 2002 design values.  Future year modeling was conducted, including the counties within the Cincinnati-Hamilton, OH-KY-IN ozone nonattainment area, and the future year design values for 2010 and 2015 were evaluated for attainment of the 8-hour ozone NAAQS, as shown below in Table 6.1.  
Results of the CAIR modeling show that the Cincinnati basic ozone nonattainment area will attain the 8-hour ozone NAAQS in 2010 with modeled concentrations reduced by 12 % to 15%, and remain below 0.085 ppm.  With further reductions projected in CAIR for 2015, all design values continue to decrease by 15% to 20% and continue to attain the 8-hour ozone NAAQS.

Table 6.1
Modeling Results from U.S. EPA for the Clean Air Interstate Rule
	State
	County
	Design Value

2000-2002
	Future Design Value

2010 with CAIR
	Future Design Value

2015 with CAIR

	
	
	(ppm)
	(ppm)
	(ppm)

	Kentucky
	Boone
	0.086
	0.071
	0.068

	Kentucky
	Campbell
	0.094
	0.083
	0.080

	Kentucky
	Kenton
	0.088
	0.077
	0.075

	Ohio
	Butler
	0.089
	0.077
	0.074

	Ohio
	Clermont
	0.090
	0.078
	0.075

	Ohio
	Clinton
	0.096
	0.082
	0.077

	Ohio
	Hamilton
	0.089
	0.079
	0.076

	Ohio
	Warren
	0.089
	0.077
	0.074


It should be noted that the baseline design values (2000-2004) that the modeling is based on are greater than the current design values (2004-2006).  The differences between the modeled design value and the current design values at all monitors are 0.003 to 0.015 ppm lower.   Applying these modeled RRFs to the current design values is not a true test of the emission reductions realized locally, regionally or nationally. The lower design values indicate improving air quality and future modeling using more current information would appear to yield lower future year concentrations.
6.1.2
U.S. EPA Modeling Analysis for HDE Final Rulemaking
U.S. EPA conducted modeling for Tier II vehicles and low-sulfur fuels.   This analysis was performed in 2000 to support final rulemaking for the Heavy Duty Engine (HDE) and Vehicle Standards and Highway Diesel Fuel and its expected impact on ozone levels. The “Technical Support Document for the Heavy Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur Control Requirements: Air Quality Modeling Analyses” (EPA420-R-00-028) was referenced for support of this ozone attainment demonstration for the Cincinnati nonattainment area counties.  
Base year emissions from 1996 were modeled for three ozone episodes: June 12-24, 1995, July 5-15, 1995, and August 7-21, 1995.  Results of this modeling show that ozone formation from these fuel emission control measures and the NOx SIP call would be decreased in the Cincinnati nonattainment area counties.  Relative Response Factors (RRF) were calculated for each monitor in Butler, Clermont, Clinton, Hamilton and Warren Counties in Ohio and the Boone, Campbell and Kenton Counties in Kentucky for future years 2007 and 2020.  These RRFs were applied to the three-year (2001-2003) design values at the ozone monitors in the Cincinnati nonattainment area counties.  The resulting future year design values for 2007 and 2020 were calculated and are shown below in Table 6.2.  
The modeled 2007 future year design values for all monitors in the Cincinnati nonattainment area were reduced by 9% to 15% from the 2001-2003 design values and the modeled 2020 future year design values were reduced by 10% to 18% from the 2001-2003 design values.  All ozone monitors are projected to attain the 8-hour ozone NAAQS of 0.085 ppm in 2007 as a result of the Tier II vehicles and low-sulfur fuels rule.  It should be noted that the modeling was conducted using 1996 emissions and additional federal emission control measures have been implemented which will lower modeled concentrations.

Table 6.2
Modeling Results from US EPA HDE Rulemaking for Cincinnati Nonattainment Area

	Monitor 
ID
	County
	State
	Design Value

2001-2003
	Modeled 
Relative Response 
Factor 

(RRFs)
	Future

Design Value

2007
	Modeled 
Relative 
Reduction 
Factor 
(RRFs)
	Future

Design Value

2020

	
	
	
	(ppm)
	2007 Control
	(ppm)
	2020 Control
	(ppm)

	390170004
	Butler Co
	Ohio
	0.092
	0.8957
	0.083
	0.871
	0.080

	390171004
	Butler Co
	Ohio
	0.089
	0.8816
	0.078
	0.8507
	0.075

	390250020
	Clermont Co
	Ohio
	0.086
	0.8834
	0.076
	0.86
	0.074

	390271002
	Clinton Co
	Ohio
	0.092
	0.856
	0.079
	0.8191
	0.076

	390610006
	Hamilton Co
	Ohio
	0.092
	0.8949
	0.083
	0.8771
	0.081

	390610010
	Hamilton Co
	Ohio
	0.086
	0.8826
	0.076
	0.8749
	0.075

	390610037
	Hamilton Co
	Ohio
	0.086
	0.9095
	0.079
	0.8969
	0.077

	391650006
	Warren Co
	Ohio
	0.086
	0.8851
	0.076
	0.8576
	0.073

	210150003
	Boone Co.
	Kentucky
	0.085
	0.8478
	0.072
	0.8205
	0.070

	210371001
	Campbell Co.
	Kentucky
	0.092
	0.8988
	0.082
	0.8804
	0.081

	211170007
	Kenton Co.
	Kentucky
	0.086
	0.884
	0.076
	0.8787
	0.075


It should be noted that the baseline design values (2001-2003) that the modeling is based on are greater than the current design values (2004-2006).  The difference between the modeled design value and the current design values at all monitors are 0.0 to 0.012 ppm lower.  While applying these modeled RRFs to the current design values is not true test of the emission reductions realized locally, regionally or nationally, the lower design values indicate improving air quality and future modeling using more current information would appear to yield lower future year concentrations.
6.1.3
LADCO modeling for Clean Air Interstate Rule (CAIR)
LADCO conducted modeling to determine the impact of CAIR in the upper Midwest.  The modeling was based on 2000 through 2004 design values.  Future year modeling for 2009, 2012, and 2018 was conducted and the future year design values were determined, as shown below in Table 6.3. 

Table 6.3
LADCO’s Round 4 Modeling Results for the Clean Air Interstate Rule
	County
	Monitor ID
	Design Value  

2000-2004 
	2009

RRF
	Basecase 

with CAIR - 2009
	2012

RRF
	Basecase 

with CAIR - 2012
	2018

RRF
	Basecase 

with CAIR – 

2018

	
	
	(ppm)
	
	(ppm)
	
	(ppm)
	
	(ppm)

	Boone
	210150003
	0.0837
	0.890
	0.0745
	0.862
	0.0721
	0.814
	0.0681

	Campbell
	210370003
	0.0907
	0.928
	0.0842
	0.909
	0.0824
	0.873
	0.0791

	Kenton
	211170007
	0.0850
	0.915
	0.0778
	0.892
	0.0758
	0.850
	0.0722

	Butler
	390170004
	0.0897
	0.890
	0.0824
	0.895
	0.0803
	0.839
	0.0752

	Clermont
	390250022
	0.0890
	0.915
	0.0818
	0.896
	0.0798
	0.842
	0.0749

	Clinton
	390271002
	0.0943
	0.885
	0.0835
	0.859
	0.0811
	0.790
	0.0745

	Hamilton
	390610006
	0.0903
	0.938
	0.0847
	0.918
	0.0829
	0.869
	0.0785

	Warren
	391650007
	0.0870
	0.908
	0.0790
	0.885
	0.0770
	0.823
	0.0716


Results of LADCO’s CAIR modeling show that all counties in the Cincinnati nonattainment area will attain the 8-hour ozone NAAQS of 0.085 ppm by 2009.  Future year modeled ozone concentrations for 2009 will be 6% to 11% lower than baseline ozone design values, 8% to 14% lower in 2012 and 12% to 19% lower in 2018.   Ozone concentrations are predicted to continue to decrease and remain in attainment of the 8-hour ozone NAAQS of 0.085 ppm.  It should be noted that the baseline design values (2000-2004) that the modeling is based on are greater than the current design values (2004-2006).  The difference between the modeled design value and the current design values at all monitors are 0.01 to 0.014 ppm lower.  While applying these modeled RRFs to the current design values is not a true test of the emission reductions realized locally, regionally or nationally, the lower design values indicate improving air quality and future modeling using more current information would appear to yield lower future year concentrations.

Results of the CAIR modeling show that all counties in the Cincinnati nonattainment area will attain the 8-hour ozone NAAQS of 0.085 ppm by 2009.  Future year modeled ozone concentrations for 2008 will be 5% to 11% lower than baseline ozone design values and 6% to 13% lower in 2009.   Ozone concentrations are predicted to continue to decrease and remain in attainment of the 8-hour ozone NAAQS of 0.085 ppm.

Table 6.4
Monitored Design Values for 2004-2006 Compared to Future Year Projected Design Values
	Monitor ID
	County

State
	2006 Design Value

2004-2006
	Basecase

with CAIR - 2008
	Basecase

with CAIR - 2009

	
	
	(ppm)
	(ppm)
	(ppm)

	2101500031
	Boone/KY
	0.074
	.075
	.075

	2103700031
	Campbell/KY
	0.067
	.084
	.084

	2111700071
	Kenton/KY
	0.077
	.079
	.078

	3901700041
	Butler
	0.080
	.083
	.082

	3901710043
	Butler
	0.080
	.081
	.080

	3902500221
	Clermont
	0.079
	.083
	.082

	3902710021
	Clinton
	0.081
	.085
	.084

	3906100061
	Hamilton
	0.082
	.086
	.085

	3906100101
	Hamilton
	0.080
	.080
	.078

	3906100401
	Hamilton
	0.080
	.081
	.081

	3916500061
	Warren
	0.086
	.080
	.079


6.1.4
 Summary of Existing Modeling Results
US EPA and LADCO ozone modeling for future year design values consistently demonstrates that existing national emission control measures will bring the Cincinnati ozone nonattainment area into attainment of the 8-hour ozone NAAQS.  Emission control measures to be implemented in the next several years will provide even greater assurance that air quality will continue to meet the standard into the future.  
Modeling support for the NOx SIP Call, Heavy Duty Engine and Highway Diesel Fuel and Tier II/Low Sulfur Fuel and Clean Air Interstate Rule (CAIR) show that future year design values for the Cincinnati ozone nonattainment area will attain the ozone standard with modeled future year design values below 0.085 ppm.  In addition, US EPA future year modeling of national emission control strategies show that the Cincinnati ozone nonattainment area will attain the 8-hour ozone NAAQS without additional national emission controls.  Future national and local emission control strategies will ensure that each county in the Cincinnati ozone nonattainment area will maintain attainment of the standard with an increasing margin of safety over time. 
6.2
Alternative Baseyear (2005) Modeling 

Current photochemical modeling focuses on the base year 2002 for determining future year design values.  Concern was raised that this was an above average hot summer that had abnormally high ozone concentrations throughout the Midwest.  Another important factor for the high ozone concentrations was US EPA’s NOx SIP Call was not implemented at that time.  The MRPO States wanted to account for the NOx SIP Call in the base year emissions inventories to more accurately reflect current conditions.
LADCO conducted a statistical analysis to assess whether the 2005 summer is comparable to the 2002 summer meteorology and would be a reasonable summer to represent an ozone base period. The results of the analysis show that 2005 was ozone conducive although not as extreme as 2002 and US EPA agreed that 2005 would be an acceptable period to model for an attainment demonstration.  Figure 6.1 shows a comparison of the temperatures for the entire county for 2002 and 2005.  

Figure 6.1
Temperature comparison for 2002 and 2005
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LADCO has developed 2005 meteorological data as well as more accurate 2005 emissions inventories and is in the process of conducting photochemical modeling to determine model performance.  LADCO is also developing future year emissions for 2008, 2009 and 2018 to determine future year design values.  The 2005 photochemical modeling will be the basis of Ohio’s submittal to US EPA to demonstrate attainment of the 8-hour ozone standard for their portion of the nonattainment area. 
Results are expected to be available by late summer.  This section will be revised to include the results of this modeling in order to more accurately reflect current conditions and to be consistent with what will be included in the Ohio submittal. 
6.3
Alternative Baseyear Design Value Calculation
The US EPA recommends calculating the DVB by averaging the three design value periods that straddle the baseline inventory year.  This methodology results in a center weighting of annual 4th highest ozone concentrations around the baseline inventory year because the three design value periods averaged contain overlapping data.  A weighted DVb can be significantly affected by an abnormally hot/dry or cool/wet year, if the year happens to be the center weighted year (which in this case, temperatures during the 2002 ozone season averaged 2% higher than normal).
To minimize potential impacts of any abnormal meteorological conditions while still considering ozone conditions across a 5-year span, IDEM conducted an alternative DVB calculation that does not weight any of the years more than any other, but is the straight average of annual 4th highest ozone concentrations for the 5-year span centered on the baseline inventory year.

The straight average DVB calculation is applied to the remainder of the modeled test equations and the resulting DVfs are shown in Table 6.5 for each monitoring site in the Cincinnati ozone nonattainment region. 
Table 6.5
Alternative 5-Year DVB Calculation Attainment Test Results
	Monitor ID
	County

State
	Base Year Design Value

5-year weighted

2000-2004
	2008



	
	
	
	RRF
	Future Design Value

	
	
	(ppm)
	
	(ppm)

	2101500031
	Boone/KY
	.082
	0.901
	.076

	2103700031
	Campbell/KY
	.089
	0.934
	.083

	2111700071
	Kenton/KY
	.083
	0.925
	.077

	3901700041
	Butler
	.087
	0.930
	.081

	3901710043
	Butler
	.086
	0.922
	.079

	3902500221
	Clermont
	.089
	0.928
	.082

	3902710021
	Clinton
	.093
	0.900
	.083

	3906100061
	Hamilton
	.088
	0.946
	.083

	3906100101
	Hamilton
	.084
	0.925
	.077

	3906100401
	Hamilton
	.084
	0.944
	.080

	3916500061
	Warren
	.089
	0.921
	.082


Table 6.6
Alternative 5-Year DVB Calculation Attainment Test Results
	Monitor ID
	County

State
	Base Year Design Value

5-year weighted

2000-2004
	Alternate Base Year
Design Value
Averaged 2002-2004

	
	
	(ppm)
	(ppm)

	2101500031
	Boone/KY
	0.083
	0.081

	2103700031
	Campbell/KY
	0.090
	0.088

	2111700071
	Kenton/KY
	0.085
	0.083

	3901700041
	Butler
	0.089
	0.086

	3901710043
	Butler
	0.087
	0.085

	3902500221
	Clermont
	0.089
	0.089

	3902710021
	Clinton
	0.094
	0.092

	3906100061
	Hamilton
	0.090
	0.087

	3906100101
	Hamilton
	0.085
	0.083

	3906100401
	Hamilton
	0.086
	0.084

	3916500061
	Warren
	0.087
	0.089


The alternative DVbs are slightly lower at each monitoring site compared to the attainment test DVbs (see Table 6.6). These differences were expected as 2002 was an abnormally hot and dry year in the Cincinnati area resulting in ozone concentrations that were higher than normal and much higher than the surrounding years of 2000, 2001 and 2003, 2004.  Therefore, the recommended DVb calculation weighted these abnormally high air quality conditions several times more than in the IDEM alternative DVb calculation.  IDEM firmly believes that the straight five-year average approach to the DVb calculation is more representative of average monitored values and minimizes dramatic fluctuations in meteorological and air quality conditions from year to year. 

While none of the monitoring sites in the Cincinnati area had DVf at or above 0.085 ppm using the alternative DVb calculation, the highest future year value is 0.083 ppm. Since that value is between 0.082 and 0.087 ppm, it continues to indicate that some additional weight of evidence should be included to demonstrate attainment. 
7.0
MOBILE SOURCE EMISSION BUDGETS
US EPA requirements outlined in 40 CFR 93.118(e) (4) stipulate that mobile source emissions budgets for VOC and NOx be established as part of a State Implementation Plan (SIP).  The mobile source emissions budgets are necessary to demonstrate conformance of transportation plans and improvement programs with the SIP.   

The following is a summary of the detailed mobile input and output calculation files located in Appendix I.
7.1 On-Road Emissions Estimates
The Ohio-Kentucky-Indiana Regional Council of Governments (OKI) is the Metropolitan Planning Organization (MPO) for the Greater Cincinnati/Northern Kentucky area which includes Dearborn County in Indiana; Butler, Clermont, Clinton, Hamilton, and Warren Counties in Ohio; as well as, Boone, Campbell and Kenton Counties in Kentucky.  This organization maintains a travel demand forecasting model that is used to simulate the traffic in the area and to predict what traffic would be in future years given growth expectations.  The model is used mostly to identify where travel capacity will be needed and to determine the infrastructure requirements necessary to meet that need.  It is also used to support the calculation of mobile source emissions. The travel demand forecasting model is used to predict the total daily vehicle miles traveled (VMT) and the US EPA software program referred to as MOBILE6 is used to produce emission factors to calculate the emissions per mile.  The product of these two outputs, once combined, is the total amount of pollution emitted by on-road vehicles for the particular analyzed area. 

7.2
 Overview 

Broadly described, MOBILE6 is used to generate “emission factors”, which are the average emissions per mile (grams/mile) for ozone precursors: NOx and VOC.  There are numerous variables that can affect the emission factors.  The vehicle-fleet (vehicles on the road) age and the vehicle types have a major affect on the emission factors.  The facility-type the vehicles are traveling on (MOBILE6 facility-types are Freeway, Arterial, Local and Ramp) and the vehicle speeds also affect the emission factor values.  Meteorological factors such as air temperature and humidity affect the emission factors, as does fuel type, such as low RVP gasoline.  These data are estimated using the best available data (see section 7.3) to generate emission factors for the appropriate ozone precursors, NOx and VOC.  After emission factors are generated, the emission factor(s) must be multiplied by the VMT to determine the quantity of vehicle-related emissions.  This information derives from the travel demand model.

It should be noted that each year analyzed will have different emission factors, volumes, speeds and likely some additional links.  MOBILE6 input and output files can all be found in Appendix I.
7.3 
Emission Estimations
Table 7.1 outlines the on-road emission estimates for the entire nonattainment area for the years 2002, 2005, 2008 and 2018. The 2002 and 2005 emission estimates are based on the actual travel demand model network for the years 2002 and 2005. The 2008 emission estimates are based on the travel demand model network projected to exist for the year 2008 under the 2030 Transportation Plan.  The 2018 emission estimates are interpolated values based on the travel demand model network projected to exist for 2015 and 2020 under the 2030 Transportation Plan.

Table 7.1

Emission Estimations for On-Road Mobile Sources for the 9-County Cincinnati Ozone Nonattainment Area

	Cincinnati NA Area
	2002
	2005
	2008*
	2018*

	VOC (tons/day)
	72.32
	66.30
	54.57
	31.39

	NOx (tons/day) 
	146.03
	134.46
	110.06
	41.44

	Lawrenceburg Township (Dearborn County Indiana) subtotal
	
	
	
	

	VOC (tons/day)
	0.64
	0.95
	0.72
	0.41

	NOx (tons/day) 
	1.71
	1.46
	1.09
	0.43

	Lawrenceburg Township subtotal %
	
	
	
	

	VOC (tons/day)
	0.88%
	1.43%
	1.32%
	1.31%

	NOx (tons/day) 
	1.17%
	1.08%
	0.99%
	1.04%


Table 7.2 contains the 2008 regional motor vehicle emissions budget for the Ohio and Indiana portions of the nonattainment area.  

Table 7.2

Motor Vehicle Emission Budgets for the Ohio and Indiana Portions of the Cincinnati Ozone Nonattainment Area
	
	2008

	VOC (tons/day)
	46.00

	NOx (tons/day)
	91.36


This document creates a 2008 motor vehicle emissions budget (MVEB) for the Ohio and Indiana portions of the nonattainment area. This budget is based on the 2008 on-road emission inventory used to support photochemical modeling for the same year, and has incorporated a three (3) percent cushion as described below.

Initial Base M (2005) CAMx modeling results indicated a worst case future design value in the Cincinnati nonattainment area of 84 ppb.  In an effort to accommodate future variations in travel demand models (TDM) and vehicle miles traveled forecast when no change to the network is planned, Ohio EPA consulted with U.S. EPA – Region 5 to determine a reasonable approach to address this variation.  Based on this discussion, a three (3) percent cushion was approved and has been added to the MVEB for the Ohio and Indiana portions of this nonattainment area.
A three (3) percent cushion is appropriate because; 1) there is an acknowledged one to two percent potential variation in VMT forecast and potential estimated mobile source emissions due to expected modifications to TDM and mobile emissions models; and 2) air quality modeling indicates that a three-percent increase in projected mobile source emissions will still provide for modeled attainment of the Cincinnati nonattainment area.  

While IDEM believes that this is sufficient to support the requested increase, IDEM and its partners will be conducting additional air quality modeling which will include the adjusted on-road mobile emissions as well as any additional corrections and modifications that may be necessary due to the constant review and evaluation of the model inputs. 
Appendix I of this document provides a detailed description of how the above budgets were established and also documents the consultation and coordination process among the effected environmental and transportation planning agencies in establishing the budgets. 

8.0
CONTINGENCY MEASURES

Section 172(c) (9) requires that the attainment demonstration contain specific measures that would take effect upon a State’s failure to attain the ozone standard in a given area, without further action by the State or US EPA.  The CAA or guidance from US EPA does not specify the amount or magnitude of the reductions that are needed from contingency measures for areas designated under subpart 1.  

As part of the regional planning effort through the MRPO, Indiana and Ohio, along with Illinois, Michigan and Wisconsin, agreed to implement various VOC control measures to help maintain air quality in the Cincinnati nonattainment area and the entire Midwest region. IDEM proposes to implement rules to reduce emissions from all or some of the following area source categories; automobile refinishing, architectural and industrial maintenance (AIM) coatings, consumer products, stage I vapor recovery and cold-cleaning degreasing. These potential rules have been evaluated and agreed to by the MRPO states to address regional ozone and particulate matter nonattainment.  

US EPA guidance indicates that States must pre-adopt rules with implementation dates pending demonstration of attainment and States will have 60 days after US EPA notification of failure to attain to perform all actions needed to affect full implementation of the measures. 

IDEM intends to move forward now with implementation of measures from the list of potential measures shown in the table below.

Table 8.1

Potential Contingency Measures

	Contingency Measures
	Potential VOC Reduction

	
	(tons per day)


	Portable Fuel Containers
	5.75

	Automobile Refinishing 
	.32

	Architectural and Industrial Coatings (AIM)
	7.79

	Consumer Products
	9.95

	Degreasing
	20.15


IDEM rules will follow model rules developed by the Ozone Transport Commission, rules developed by other states, or federal rules.  Since US EPA has indicated that they will be moving forward with rulemakings in many of these categories as well, IDEM will monitor progress of the federal rules and consider the implications on state rulemakings.  IDEM intends to implement the state rule if federal rules or not finalized and effective prior to the beginning of the 2009 ozone season.  Draft rules that IDEM has begun the rulemaking process for are included in Appendix K.
9.0
INDIANA’S POTENTIAL IMPACT ON DOWNWIND NONATTAINMENT AREAS
The CAMx photochemical model includes a source apportionment probing tool that allows for assessment of regional and emission sector contribution to ozone formation.  IDEM looked at what impact Indiana may be having on areas downwind from the State to determine if additional analyses were necessary to address such impact. 
9.1
Ozone Source Apportionment Results 

LADCO has conducted Ozone Source Apportionment Technology (OSAT) modeling to determine the contributions to ozone concentrations from different emissions sources and geographical regions.  OSAT can track the emissions to determine ozone impacts and attribute those to the different emissions sources or regions.  

Modeling was conducted to determine each emissions source impact and which regions are the biggest contributors to the Hamilton County, OH (ID # 390610006) ozone monitor for the future year 2012.  In Figure 9.1, the regional contributors are shown and the percentage of NOx and VOC impacts that are attributable to individual nonattainment areas, states and regional planning organization areas as well as boundary conditions (BC).  Boundary conditions and emissions from the state of Ohio are shown to be the largest contributors of NOx and VOC to ozone concentrations at the Hamilton County ozone monitor.  Impacts were modeled to be approximately 30 % of the total ozone concentrations for both the boundary conditions and the state of Ohio.  The next biggest contributor was emissions from the state of Kentucky at approximately 9 % and emissions from the state of Indiana were the next biggest contributor at approximately 8 %.

Figure 9.1
OSAT Modeling Results – Pollutant and Geographical Area Analysis
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Figure 9.2  shows the emission source sector impacts that are attributable to individual nonattainment areas, states and regional planning organization areas as well as boundary conditions (BC) on the Hamilton County, OH (ID # 390610006) ozone monitor for the future year 2012.  The overall contribution from Indiana is approximately 8% with emission source sectors onroad, non-road (marine, air and rail) and non-Electric Generating Units (EGUs) as the largest contributors.  Of interest is the EGU portion of Indiana’s emissions that contribute to the Hamilton County ozone monitor.  The EGU portion contributes only 1 % of the total ozone concentration at this monitor.  

Figure 9.2
OSAT Modeling Results – Emission Source Sector and Geographical Area Analysis
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Figure 9.3 shows the pollutant impacts that are attributable to emission source sectors analyzed. The top 52 EGU emitters (in terms of amount of NOx and VOC emissions) across the domain, as well as boundary conditions were evaluated.  The electric generating unit located in Dearborn County was among the 52 EGU emitters modeled and was taken into account in this OSAT run.  There was an 8% contribution from the total emissions from the top 52 EGU emitters.    
Figure 9.3
OSAT Modeling Results – Emission Source Sector and Pollutant Analysis
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The monitors directly downwind from Indiana that would most likely be influenced by emissions from Dearborn County are located in Hamilton and Butler Counties, Ohio (please refer to Figure 1.3).  As shown in Table 9.1 below, data from the ambient ozone monitors located in these counties show that the design values have decreased by .012 ppm in each of these counties between 2001 and 2006. For counties with multiple monitoring sites, the data in the table below represent the highest concentration from the monitors in the county. 

Table 9.1
Ozone Design Values for Ohio Monitors Downwind from Dearborn County, IN

	Year
	3-Year Period
	Butler
	Hamilton

	2003
	2001-2003
	0.092
	0.094

	2004
	2002-2004
	0.090
	0.090

	2005
	2003-2005
	0.085
	0.086

	2006
	2004-2006
	0.080
	0.082


10.0 PUBLIC PARTICIPATION

Indiana published notification for a public hearing and solicitation for public comment concerning the draft Attainment Demonstration Plan in the Indianapolis Star, Indianapolis, Indiana; the Journal Press, Lawrenceburg, Indiana; and the Dearborn County Register, Lawrenceburg, Indiana, on or before May 11, 2007.

A public hearing to receive comments concerning the draft attainment demonstration plan was conducted on June 11, 2007 at the Lawrenceburg Public Library, Lawrenceburg, Indiana and one comment was received.  The public comment period closed on June 12, 2007.  

Appendix L includes a copy of the public notice, certifications of publication, public hearing attendance record, copies of all written comments received and a summary of all comments received that includes IDEM’s responses, as applicable.  
11.0
CONCLUSION

Monitored air quality in the nonattainment area has shown steady decreases in ozone as a result of national and local control strategies implemented since designation.  In fact, the current design value for the nonattainment area is very close to the eight-hour standard of 0.085 ppm. The design value in the area has dropped by at least 0.010 ppm since 2001 and is predicted to continue to decline.

It is clear that NOx and VOC emission reductions since designation have had a positive effect on regional ozone levels.  Although the 2008 photochemical modeling results were slightly above 0.085 ppm, the 2008 results were very close to demonstrating attainment, and the 2009 photochemical modeling results do demonstrate attainment. This attainment demonstration shows that once the photochemical modeling results are considered along with additional national, regional, and local control measures to be phased-in or implemented in 2007, 2008 and 2009, air quality in the area will exceed previous photochemical model predictions and the area will achieve attainment of the ozone standard by June 15, 2009.  

This plan satisfies Indiana’s obligation under Section 172(c) of the CAA to demonstrate how the area will attain the air quality standard for ozone by the attainment date, and, as a result, realize cleaner air.  The development of this plan, along with plans from Ohio and Kentucky, will bring this region into compliance with state and federal ozone quality standards, and provide real progress in the state’s journey toward cleaner air. 

Chart 3.1


NOx Emission Trends





Chart 3.2


VOC Emission Trends



















































































































































































� Monitor began operation in 2003.


� The design value for a nonattainment area, which characterizes the severity of the area’s air quality problem, is represented by the highest design value at any individual ozone monitoring site.  The design value of a monitoring site is the fourth highest eight-hour daily maximum ozone value recorded in a given three-year period with complete monitoring data.


� Reduction estimates are based on 9-56% emission reductions from 2002 base year levels and a 2009 effective date.
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