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1.0 INTRODUCTION

1.1 Overview

This report constitutes the Air Quality Modeling Protocol for the St. Louis ozone, PM, 5 and air
toxics modeling study. The Missouri Department of Natural Resources (MDNR) has retained
ENVIRON International Corporation and Eastern Research Group, Inc. (ERG) to assist in
developing the air quality modeling databases needed to address ozone, PM;,5 and air toxics
issues in the St. Louis region. This Modeling Protocol describes the overall modeling activities
to be performed by the Air Quality Management Plan (AQMP) Technical Workgroup and the
ENVIRON/ERG team. The Workgroup consists of staff from the MDNR, Illinois
Environmental Protection Agency (IEPA), U.S. EPA Region VII and V, and East-West Gateway
Council of Governments (EWGCOG). Collectively, the Workgroup, with technical support from
the ENVIRON/ERG team, will be responsible for conducting a comprehensive ozone, PM, s and
air toxics modeling study in support of the next round of ozone and PM, s State Implementation
Plans (SIPs) for the St. Louis area.

A comprehensive Modeling Protocol for an 8-hour ozone and/or PM,s SIP attainment
demonstration study consists of many elements. Its main function is to serve as a means for
planning and communicating how a modeled attainment demonstration will be performed before
it occurs. The protocol guides the technical details of a modeling study and provides a formal
framework within which the scientific assumptions, operational details, commitments and
expectations of the various participants can be set forth explicitly and means for resolution of
potential differences of technical and policy opinion can be worked out openly and within time
and budget constraints.

As noted in the U.S. EPA’s current modeling guidance for demonstrating attainment of ozone,
PM,5 and regional haze standards, the Modeling Protocol serves several important functions
(EPA, 2007):

e ldentify the assistance available to the MDNR and IEPA (the lead agencies) to
undertake and evaluate the analysis needed to support a defensible attainment
demonstration;

e ldentify how communication will occur among State, Local and Federal agencies and
stakeholders to develop a consensus on various issues;

e Describe the review process applied to key steps in the demonstration; and

e Describe how changes in methods and procedures or in the protocol itself will be
agreed upon and communicated with stakeholders and the appropriate U.S. EPA
regional office.

Additionally, this modeling study addresses certain air toxics in the St. Louis area to include
consideration of these toxics in the control decisions for the relevant criteria pollutants. The
Modeling Protocol will also discuss modeling aspects relevant to air toxics.

1.2  Study Background

The previous round of St. Louis SIPs addressed the 1997 8-hour ozone National Ambient Air
Quality Standard (NAAQS) that has a threshold of 0.08 ppm (84 ppb) and the annual PM;s
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NAAQS with a 15 pug/m? threshold and demonstrated attainment in 2010 and 2012, respectively.
In March 2008, EPA promulgated a new 8-hour ozone NAAQS that has the same form but
lowers the threshold from 0.08 ppm to 0.075 ppm (75 ppb). In January 2010, EPA proposed
lowering the ozone NAAQS threshold even more to somewhere in the 0.06-0.07 ppm range and,
after a few delays, is expected to promulgate the new lower 8-hour ozone NAAQS by mid-2011.
Although the schedule is not finalized, our current (May 2011) understanding is that ozone
nonattainment area designations under the 2011 ozone NAAQS would occur no later than
summer of 2013. The Section 110(a) SIPs would then be due by July 2014 with the ozone
attainment demonstration SIPs due no later than the summer of 2016. The ozone future year that
St. Louis needs to demonstrate attainment for will depend on its classification, but moderate
nonattainment areas would need to demonstrate attainment no later than 2019. In September
2006, EPA lowered the 24-hour PM,s NAAQS from 65 to 35 pg/m® with the new PM,s
attainment demonstration SIPs due by December 2012.

The St. Louis Community Air Project (CAP) has been performing ambient monitoring of air
toxics at several sites in and nearby the downtown St. Louis area. The CAP was a community-
based effort to identify and reduce air contaminants in the St. Louis urban area in response to
resident’s health concerns. The sampling in CAP included volatile organic compounds, semi-
volatiles, PM,s metals, carbonyls and elemental carbon as a surrogate for diesel particulate
matter (DPM).

To address the SIP requirements of the new ozone and PM,s NAAQS and the next steps in the
CAP, the MDNR and IEPA have prepared the St. Louis Air Quality Management Plan, which
also includes involvement by the East-West Gateway Council of Governments (EWGCOG) Air
Quality Advisory Committee. The three government agencies are committed to implementation
of the Air Quality Management Plan (referred to as AQMP3%) that has the following objectives:

1. Completion of all required Clean Air Act submittals for compliance with the NAAQS
in St. Louis preferably using one air quality planning exercise for multiple pollutants
under a combined SIP;

2. Inclusion of air toxics exposure as an important metric for consideration of alternative
control requirements for all NAAQS;

3. Incorporation of environmental justice and extensive community involvement in the
decision-making process including the regulated and environmental communities; and

4. Consideration of other ancillary air quality issues in the development of the SIP
including smart growth/transportation, energy issues, and climate change.

An AQMP Technical Workgroup has been formed consisting of state, local and EPA agency
personnel who are responsible for planning and management of the AQMP3 including the
attainment demonstration modeling for the ozone and PM,s NAAQS. The Air Quality Advisory
Committee (AQAC) consists of state and local agencies, as well as transportation agencies, is a
forum for communication and outreach between governments, industrial and environmental
stakeholders as well as dealing with conformity and other aspects of the multi-pollutant focus of
the AQMP3.

1.3 State Agency Organization and Workgroup

! http://www.epa.gov/air/agmp/pdfs/aug2010/stlouisfinalagmp.pdf
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The States of Missouri and Illinois have determined that the committee structure described below
will be used to manage the development and evaluation of control strategies, research, modeling,
and other activities:

14

State Air Agencies: Responsible for providing policy direction and guidance, selecting
achievable emission reduction strategies, and resolving disputes as they arise. The State
Air Agencies will meet as appropriate to oversee the progress of this effort. The Missouri
Air Conservation Commission has final authority to adopt Missouri’s regulations and the
final control plan. Similarly, the Illinois Pollution Control Board has the final authority
to adopt control requirements in Illinois.

Participants: Air Directors from MDNR and IEPA.

AOQMP_Technical Workgroup: Responsible for planning and management of the
technical work necessary to demonstrate attainment of National Ambient Air Quality
Standards in the St. Louis area; including emissions inventory, meteorological, and
photochemical modeling. The workgroup is also responsible for data analysis, source
apportionment, coordination, and communication of the model results to the Air Quality
Advisory Committee, and the State Air Directors. This workgroup will meet on a regular
basis to coordinate the development and performance of technical activities. These
meetings are open to stakeholders and local agencies having the technical expertise to
contribute to work activities.

Participants: Staff from MDNR, IEPA, U.S. EPA Region VII and V, and East-West
Gateway Council of Governments. Local air pollution control organizations,
stakeholders, and academics that can contribute technical capabilities or resources are
also invited to participate.

Air Quality Advisory Committee (AQAC): Serves as a forum to communication and
outreach between local government, industrial and environmental stakeholders, the
Technical Workgroup, and the State Air Directors. The Air Quality Advisory Committee
will meet on a regular basis and will endeavor to increase community participation in
quality management process. It will also provide assistance in the development of
conformity budgets for both States and preparing the resultant conformity demonstrations
that are consistent with the relevant SIP (State Implementation Plan). Further, this group
will provide for the open discussion of emission control strategies consistent with the
AQMP and its multi-pollutant focus.

Participants: MDNR, IEPA, U.S. EPA Regions VII and V, East-West Gateway Council
of Governments, Federal Highway Administration, Missouri Department of
Transportation, Illinois Department of Transportation, environmental groups, industry
stakeholders, and local government agencies.

Related Regional Modeling Studies

The St. Louis ozone, PM, 5 and air toxics modeling study draws from several urban and regional
scale emissions, photochemical, PM and visibility modeling efforts performed in the Central
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States and across the United States. The procedures used in these previous studies provide a
guide to the modeling and QA approach for the St. Louis study.

1.4.1 Related 8-hr Ozone, PM, s and Regional Haze SIP Studies

8-hour_Ozone SIP _Modeling Analyses in St. Louis: Meteorological, emissions and
photochemical modeling support for the St. Louis 8-hour ozone SIP development was
performed by a team led by ENVIRON. The ENVIRON team developed the Modeling
Protocol that described the overall modeling activities performed by all the participants in
the modeling study (ENVIRON and Alpine, 2005). The MM5 meteorological, SMOKE
and EMS emissions, and CMAQ and CAMx photochemical models were used to
simulate three 2002 ozone episodes. In addition, ENVIRON performed a number of
sensitivity analysis as part of the model performance evaluation. Details of the study
results were documented in the Technical Support Document (IEPA, 2007).

St. Louis Annual PM2.5 SIP _Modeling: ENVIRON and its subcontracting team
provided meteorological, emissions and regional air quality modeling support for the St.
Louis annual PM,s SIP development. Annual simulations for 2002 base year and
2009/2012 future years were conducted (MDNR and ENVIRON, 2009).

Development of 2002 Base Case Modeling Inventory for CENRAP: CENRAP
sponsored this study to prepare a 2002 Base Case emissions inventory for the CENRAP
states that can be used in emissions and photochemical modeling of the 2002 annual
period (Strait, Roe and Vukovich, 2004).

Preliminary PM and Visibility Modeling for CENRAP: Under this study preliminary
regional PM and visibility modeling was conducted focused on the CENRAP region
using the CMAQ and CAMx models (Pun, Chen and Seigneur, 2004).

VISTAS Phase | Model Sensitivity and Evaluation Study: This study, sponsored by
VISTAS, performed extensive model sensitivity testing and evaluation analysis using the
CMAQ and CAMx models and three episodes, January 2002; July 1999 and July 2001
(Morris et al., 2004a).

WRAP_ Section 309 SIP/TIP_Modeling Analysis: The WRAP performed a study to
generate the necessary modeling data needed to develop Section 309 SIP/TIP for states
that opt-in to this program (Tonnesen et al., 2003).

VISTAS Phase 1l 2002 Annual Modeling: VISTAS performed annual modeling of
2002 using a continental US 36 km domain and eastern US 12 km domain with attendant
model evaluation and sensitivity analysis (Morris et al., 2004b).

CENRAP 2002 Annual Modeling: ENVIRON and UCR performed annual emissions
and air quality modeling of the 2002 period using SMOKE, CMAQ and CAMXx to
provide the technical basis for the Regional Haze SIPs due in December 20072,

2 http://pah.cert.ucr.edu/agm/cenrap/index.shtml
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Association _for Southeastern Integrated Planning PM2.5 SIP___Modeling:
ENVIRON/Alpine provided the Association for Southeastern Integrated Planning (ASIP)
emissions and air quality modeling support for their PM,s SIP modeling. Annual
simulations for 2002 base year and 2009, 2012 and 2018 future year were conducted
(Morris et al., 2008).

Birmingham Annual PM2.5 SIP Modeling: ENVIRON/Alpine/ENVAIR provided
modeling analyses to support the development of the Alabama SIP for the Birmingham
annual PM, s nonattainment area. Because it has been reported that local sources may be
significant contributors of primary PM in the Birmingham area, a sophisticated sub-
regional and local-scale modeling strategy was developed and performed (ENVIRON et
al., 2009).

VISTAS Regional Haze SIP Modeling: ENVIRON/Alpine/UCR provided emissions
and air quality modeling support for the VISTAS Regional Haze SIP development.
Annual modeling efforts for 2002 base year and 2018 future year were conducted for the
2018 visibility projection (Morris et al., 2009).

Southeastern Modeling, Analysis, and Planning Project (SEMAP): The SEMAP?
project is overseen by Metro 4, Inc. and SESARM. SEMAP is the follow-on effort to
VISTAS and ASIP and is designed to perform the meteorological, emissions and air
quality modeling activities to address the next round of SIPs for the 10 southeastern U.S.
SIPs. It has adopted the same 2007 modeling year to be used in the St. Louis AQMP3
modeling so is directly relevant to this study.

Lake Michigan Air Directors (LADCO) Activities: LADCO* was formed as a
collaborative effort to assist and coordinate meteorological, emissions and air quality
activities for the states of Illinois, Indiana, Michigan, Ohio and Wisconsin. Some of the
past St. Louis air quality planning activities have been performed by or through LADCO.

1.4.2 Related Federal Air Quality Activities

The federal government has implemented standards and actions to improve air quality across the
entire country. These standards have largely involved mobile sources. Federal standards
include: the Tier 2 Vehicle Standards, the heavy-duty gasoline and diesel highway vehicle
standards, the non-road spark-ignition engines and recreational engine standards, and the large
non-road diesel engine rule. The federal government has also implemented regional control
strategies for major stationary sources focusing on the eastern U.S. and intends to extend the
program to the western U.S. The following is a list of federal regulatory activities that would
likely lead to emission reductions in the St. Louis area and will need to be accounted for in the
next St. Louis SIPs.

Tier 2 Vehicle Standards: Federal Tier 2 vehicle standards require all passenger
vehicles in a manufacturer’s fleet, including light-duty trucks and Sports Utility Vehicles,
to meet an average standard of 0.07 grams of NOx per mile. Implementation began in
2004, and most vehicles were phased in by 2007. Tier 2 standards also cover passenger

3 http://www.metro4-sesarm.org/SEMAPAbout.asp
4 http://www.ladco.org/
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vehicles over 8,500 pounds gross vehicle weight rating (the larger pickup trucks and
SUVs), which were not covered by the earlier Tier 1 regulations. For these vehicles, the
standards were 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 prior to the
implementation of the standard. Tier 2 rule also reduces the sulfur content of gasoline to
30 ppm starting in January of 2006. 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 Tier 2 vehicle emission standards.

Heavy-duty Gasoline_and Diesel Highway Vehicle Standards: New U.S. EPA
standards designed to reduce NOx and volatile organic compound (VOC) emissions from
heavy-duty gasoline and diesel highway vehicles began to take effect in 2004. A second
phase of standards and testing procedures, began 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 damages emission control devices. The total program
is expected to achieve a 90% reduction in PM emissions and a 95% reduction in NOXx
emissions for these new engines using low sulfur diesel, compared to existing engines
using higher-content sulfur diesel.

Non-Road Spark-ignition Engines and Recreational Engines Standards: The new
standard, effective in July 2003, regulates NOx, HC and 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 these standards began. It will apply 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 or vehicle. 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 began in 2007. Like
the large spark-ignition engine vehicles, recreation vehicles contribute to ozone formation
and ambient CO and PM levels. They can also be a factor in regional haze and other
visibility problems in both state and national parks. The standard phase-in for the off-
highway motorcycles and all-terrain-vehicles began in model year 2006 and was fully
implemented by the end of model year 2007. Recreational marine engines contribute to
ozone formation and PM levels, especially in marinas. The standard began phase-in in
2006 with the schedule dependent on the size of the engine. With all of the non-road
spark-ignition engines and recreational engines standards fully implemented, an overall
72% reduction in HC, 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.

Large Non-Road Diesel Engine Rule: The U.S. EPA promulgated in May 2004 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 about 3,400 ppm sulfur. The new rules limited non-road
diesel sulfur content to 500 ppm in late 2006 and 15 ppm in 2010. The combined engine
and fuel rules 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.
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Cross State Air Pollution Rule (CSAPR) and Clean Air _Interstate Rule (CAIR): In
2005, the U.S. EPA promulgated the “Rule to Reduce Interstate Transport of Fine
Particulate Matter and Ozone”, referred to as the Clean Air Interstate Rule (CAIR). This
rule established the requirement for States to adopt rules limiting the emissions of NOXx
and SO, and a model for the states to use in developing their own state rules. The purpose
of the CAIR is to reduce interstate transport of precursors of fine particulate and ozone.
It provides annual state caps for NOx and SO, for large fossil-fuel-fired electric
generating units. This program includes a cap and trade program if a state chooses to
participate. Due to court challenges of CAIR in 2008, the U.S. EPA has made changes to
the CAIR program and re-issued a regional control plan for the eastern U.S. similar to
CAIR as the Cross State Air Pollution Rule (CSAPR)® in July 2011. However, the court
upheld the control provisions of the 2005 CAIR that will remain in place until the U.S.
EPA implements CSAPR. Additionally, the Transport Rule revisions to the CAIR
program are expected to be as stringent as the existing program.

VOC MACT: Maximum Achievable Control Technology (MACT) standards are
standards set by the U.S. EPA for chemicals known to cause cancer or other serious
health effects. Many of the chemical substances regulated as VOCs are also listed as
HAPs. Therefore, many of the MACT control requirements effectively reduce emissions
of VOCs as well.

Federal Reformulated Gasoline: Federal reformulated gasoline allows for a maximum
of 1 percent benzene by volume. Preliminary VOC and air toxics standards took effect
with phase | of the rule in 1995. Phase Il took effect in 2000. Phase Il required 25 to 29
percent VOC emission reductions and 20 to 22 percent air toxics reductions.

Federal Non-Road Spark-Ignition Engines and Equipment: U.S. EPA issued final
emission standards for spark-ignition engines used in marine vessels, including outboard
engines, personal watercraft, and sterndrive/inboard engines in their proposed rule,
“Control of Emissions from Non-road Spark-Ignition Engines and Equipment,” in 2008.
The engines and vehicles covered by this account for about 25 percent of mobile source
hydrocarbon emissions and 30 percent of mobile source carbon monoxide emissions.
These new more stringent standards for outboard and personal watercraft engines start
with the 2010 model year. The standards set specific levels of HC + NOx and CO
emissions for different types of marine vessels.

Locomotive Engines and Marine Compression-Ignition Engines Final Rule:
Locomotives and marine diesel engines are important contributors to the nation’s air
pollution, as they emit large amounts of direct PM and NOx. To dramatically reduce
emissions from these engines, U.S. EPA issued the rule, “Control of Emissions of Air
Pollution from Locomotive Engines and Marine Compression-Ignition Engines Less than
30 Liters per Cylinder.” It set new exhaust emission standards on all types of locomotive
engines and on all types of marine diesel engines below 30 liters per cylinder
displacement.

Low-Sulfur Fuels: Associated with the Tier 2 on-road vehicle fleet standards is a
requirement to reduce sulfur levels in gasoline nationwide. Refiners had to meet a

*http://www. epa. gov/airtransport/
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corporate average gasoline sulfur standards beginning in 2004. The cap was further
reduced in 2006, and most refineries were required to produce gasoline averaging no
more than 30 ppm sulfur.

Clean Air Visibility Rule (CAVR): The Clean Air Visibility Rule (CAVR) requires
specific sources that are shown to reasonably contribute to visibility impairment at a
Class | area to install Best Available Retrofit Technology (BART). The BART
requirements apply to sources built between 1962 and 1977 that have the potential to emit
250 tons per year (TPY) of a visibility impairing pollutants (SO2, NOx, PM and/or VOC)
and are one of 26 specific source categories. EPA has published guidelines for the BART
component of the CAVR (EPA, 2005b).

1.4.3 State-Specific Emission Control Measures

Both Missouri and Illinois incorporated “on-the-books” emission controls in their SIPs for the St.
Louis 8-hour ozone nonattainment area. These controls reflect state’s rulemaking efforts and
other controls related to enforcement actions as well as the federal activities described above.
The following list shows state-specific control measures in the St. Louis area, as identified in
AQMP3:

Missouri

Open Burning Restrictions

Control of Emissions from Aerospace Manufacture and Rework Facilities
Control of Emissions from Rotogravure and Flexographic Printing Facilities
Control of Emissions from Bakery Ovens

Control of Emissions from Lithographic Printing

Control of Emissions from Traffic Coatings

Control of Emissions from Aluminum Foil Rolling

Control of Emissions from Wood Furniture Manufacturing Operations
Control of Emissions from Solvent Cleanup Operations

Control of Emissions from Volatile Organic Liquid Storage

Control of Emissions from Batch Process Operations

Control of Petroleum Liquid Storage, Loading, and Transfer (Stage I)
Stage Il Vapor Recovery (Automobile refueling control)

NOx RACT controls - Missouri

llinois

e Consent Decree — Dynegy Midwest Generation (Consent Decree entered May 27,
2005 by U.S. District Court for the Southern District of Illinois)

e Consent Decree---ConocoPhillips (Consent Decree filed January 27, 2005 by U.S.

District Court for the Southern District in Texas)

Control of Emissions from Consumer and Commercial Products

Control of Emissions from Architectural and Industrial Maintenance (AIM) Coatings

Control of Emissions from Rotogravure and Flexographic Printing Facilities

Control of Emissions from Lithographic Printing

Control of Emissions from Pavement Painting Operations

Control of Emissions from Wood Furniture Manufacturing Operations

Control of Emissions from Solvent Cleanup Operations
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e Control of Emissions from Volatile Organic Liquid Storage
e Control of Emissions from Batch Process Operations
e Control of Petroleum Liquid Storage, Loading, and Transfer (Stage I)

1.5  Overview of Modeling Approach

The St. Louis ozone, PM, s and air toxics modeling study includes emissions, meteorological,
ozone and fine particulate simulations using a nested 36/12/4/1.333 km grid with the 4 km
domain focused on the state of Missouri and southwestern Illinois and the 1.333 km domain
focused on the St. Louis urban area. After detailed performance testing of these simulations by
the AQMP Technical Workgroup, CMAQ and/or CAMx modeling systems will then be
exercised with a variety of emissions control scenarios aimed at enabling the State Agencies
(MDNR and IEPA) to assess the effects of future year emission control strategies on ozone,
PM, and other air quality issues including toxics exposure. More specifically, the St. Louis
modeling effort will focus on the use of the SMOKE and MOVES emissions, WRF
meteorological, and CMAQ and CAMXx air quality modeling systems for simulating ozone over
the 36/12/4 km domains and PM and air toxics over the 4/1.333 km domains.

Although the modeling system will be set up to simulate ozone, PM,s and air toxics, the St.
Louis area is currently in nonattainment of just the ozone NAAQS. Consequently, the primary
focus for setting up the modeling system will be for demonstrating attainment of the ozone
NAAQS. But the modeling system will also be capable of simulating PM,s and air toxics and
the co-benefits of reducing PM, s and air toxics of the ozone attainment control strategy will also
be evaluated.

1.5.1 Ozone and PM, s Episode Selection

This section presents the rationale behind the selection of the ozone modeling episodes and 2007
calendar year for PM modeling to address attainment demonstration of the 8-hour ozone and PM
standards in the St. Louis area.

1.5.1.1 EPA Guidance for Episode Selection

EPA’s current guidance on 8-hour ozone/PM,s/Regional Haze modeling (EPA, 2007) identifies
specific criteria to consider when selecting one or more episodes for use in demonstrating
attainment of the 8-hour ozone and PM;s NAAQS, and demonstrating reasonable progress in
attaining the regional haze goals. This guidance builds off the 1-hour ozone modeling guidance
(EPA, 1991) in selecting multiple episodes representing diverse meteorological conditions that
result in ozone exceedances in the region under study:

e A variety of meteorological conditions should be covered, this includes the types of
meteorological conditions that produce 8-hour ozone exceedances in the St. Louis
area;

e To the extent possible, the modeling data base should include days for which
extensive data bases (i.e. beyond routine aerometric and emissions monitoring) are
available;

e Sufficient days should be available such that relative response factors (RRFs) can be
based on several (i.e., > 10) days with at least 5 days being the absolute minimum;
and
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e If possible and appropriate, modeling for an entire o0zone season is recommended.

For annual PM2,s modeling, the EPA guidance goes further by suggesting that the preferred
approach is to model a full, representative year (EPA, 2007). Similar recommendations are
made for regional haze modeling. For annual PM,s modeling, component-specific RRFs are
based on quarterly averages. EPA has developed a Speciated Modeled Attainment Test (SMAT)
that contains specific procedures for combining Federal Reference Method (FRM) PM;s
measurements with speciated PM,s observations (Timin, 2007; EPA, 2007). The SMAT
procedures include provisions for applying speciated data from the EPA Chemical Speciation
Network (CSN) and Interagency Monitoring of Protected Visual Environments (IMPROVE)
networks to the FRM PM,5s mass measurements that account for measurement artifacts and
spatial distribution of monitors.

EPA also lists several “other considerations” to bear in mind when choosing potential 8-hour
ozone and PM/regional haze episodes including:

e Choose periods which have already been modeled;

e Choose periods which are drawn from the years upon which the current Design
Values are based;

e Include weekend days among those chosen; and

e Choose modeling periods that meet as many episode selection criteria as possible in
the maximum number of nonattainment areas as possible.

1.5.1.2 Selection of the Ozone and PM Episodes for the St. Louis Area

The 2007 calendar year was selected for the St. Louis ozone and PM;s SIP and air toxics
modeling. 2007 was selected because it is the most recent year with elevated ozone and PM3 5
concentrations. Details on the episode selection are provided in Chapter 3.

1.5.2 Model Selection

The WRF prognostic meteorological model was selected for the St. Louis modeling study.
Emissions modeling will be performed using the SMOKE emissions model. The MOVES model
will be used for on-road mobile sources. Two “one-atmosphere” air quality models will be
applied initially, CMAQ and CAMXx. Details on the rationale for model selection are provided in
Chapter 2. Both CMAQ and CAMXx will be applied for the initial run and model performance
evaluation (MPE) will be conducted for both. Based on the MPE and other factors, a better
performing one will be selected for the final attainment demonstration and the other model will
be utilized for the weight-of-evidence analysis as described in Section 1.5.9.

1.5.3 Conceptual Model

The conceptual model is designed to provide an explanation of events that transpired to cause
high pollutant levels during these modeling time periods. Typically, it includes a discussion of
meteorology, emissions, and transported pollutants and their precursors into the metropolitan
area. For example, previous study has shown that there are several types of synoptic weather
patterns associate with high ozone in the St. Louis region. Most of the local surface weather
patterns are calm or light winds in the morning hours and continued calm or a “push” to the
suburban areas in the afternoon resulting in high 8-hour concentrations. The development of the
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Conceptual Model for ozone, PM,5 and air toxics is an important component of the SIP
development as it drives the design of the modeling system needed to demonstrate attainment of
the ozone and PM25 NAAQS and simulate air toxics in the St. Louis region.

1.5.4 Emissions Input Preparation and QA/QC

Quality Assurance (QA) and Quality Control (QC) of the emissions datasets are some of the
most critical steps in performing air quality modeling studies. Because emissions processing is
tedious, time consuming and involves complex manipulation of many different types of large
data sets, rigorous QA measures are a necessity to prevent errors in emissions processing from
occurring. The St. Louis modeling study will perform a multistep emissions QA/QC approach.
This includes the initial emissions QA/QC by the ENVIRON/ERG team on all existing
emissions inventories collected from various sources, as well as QA/QC by the AQMP Technical
Workgroup and the ENVIRON/ERG team as the dataset is processed and made available for
modeling. This multistep process with separate groups involved in the QA/QC of the emissions
is designed to detect and correct errors prior to the air quality model simulations.

QA/QC performed as part of the emissions processing includes:

EPA Input Screening Error Checking Algorithms: Although the SMOKE emissions
model is the primary tool used for emissions processing, some additional input error
checking algorithms like those used with the EMS and EPS emission models may be
considered to screen the data and identify potential emission input errors. Additionally,
EPA has issued a revised stack QA and augmentation procedures memorandum that will
be used to identify and augment any outlying stacks.

SMOKE Warning Messages: SMOKE provides various cautionary or warning
messages during the emissions processing. The SMOKE output will be reviewed for
these messages. An archive of the log files will be maintained so that the warning
messages can be reviewed at a later date if necessary.

SMOKE Emissions Summaries: QA functions built into the SMOKE processing
system will be used to provide summaries of processed emissions as daily totals
according to species, source category and county and state boundaries. These summaries
will then be compared with summary data prepared for the pre-processed emissions, e.g.,
state and county totals for emissions from the augmented emissions data.

MOVES QA/QC: The MOVES model to be used for generating the on-road mobile
source emissions also has extensive QA/QC and error messaging system that will be used
to QA this portion of the inventory.

After the CMAQ-ready emission inputs have been prepared, additional emissions QA/QC will be
performed as appropriate, such as:

Spatial Summary: Sum the emissions for all 24 hours to prepare plots showing the
spatial distribution of daily total emissions using the Package for Analysis and
Visualization for Environmental (PAVE)® data. In our base case simulations these plots

6 http://www.cmascenter.org
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will be presented as tons per day. Typically emission categories are processed using 5
streams of modeling: biogenic, on-road mobile, non-road mobile, other low-level
anthropogenic and point sources (fires are also analyzed separately when available). If
possible, separate spatial QA plots will be generated for low-level and elevated point
sources. The objective of this step is to identify errors in the spatial distribution of
emissions.

Short Term Temporal Summary: The total domain emissions for each hour will be
accumulated and time series plots prepared by source category that display the diurnal
variation in total hourly emissions. The objective of this step is to identify errors in
temporal profiles.

Long Term Temporal Summary: The total domain emissions for each day will be
accumulated and displayed as time series plots that show the daily total emissions across
the domain as a function of time. The objective of this step is to identify particular days
for which emissions appear to be inconsistent with other days for no reason (e.g., not a
weekend) and compare against the general trend.

Control Strateqy Spatial Displays: Spatial summary plots of the daily total emissions
differences between a future year scenarios and base case emissions scenarios will be
generated. These plots can be used to immediately identify a problem in a control
strategy. For example, if a state’s NOx emissions control strategy is being analyzed and
there are changes in emissions for other pollutants or for NOx outside of the St. Louis
area, problems in emissions processing can be identified prior to the air quality model
simulation.

The emissions QA/QC displays will be made available to study participants for review.
1.5.5 Meteorology Input Preparation and QA/QC

lowa Department of Natural Resources (IDNR) performed the 36/12 km WRF modeling and
ENVIRON has conducted evaluation of the meteorological fields to assure that it has been
transferred correctly, to obtain an assessment of the quality of the data, and to determine whether
the results are suitable to be used for initial and boundary conditions for the 4/1.333 km WRF
simulation.

ENVIRON will perform the following QA/QC of the 4/1.333 km WRF meteorological fields
developed for the St. Louis study:

¢ Initial examination of the WRF data to assure that it has been executed correctly;

e Evaluation of the WRF data using the METSTAT program and the surface
meteorological network;

e Evaluation of upper-air WRF meteorological estimates by comparison to upper-air
observations and satellite images;

e Evaluation of WRF precipitation estimates against observations from the Advanced
Hydrologic Prediction Service (AHPS)’;

" http://water.weather.gov/ahps/
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e Generation of the CMAQ-ready meteorological inputs using the MCIP processor and
CAMXx-ready inputs with the WRFCAMX processor, and review of summary statistics
generated by those programs; and

e Backup and archiving of critical model input/output data.

1.5.6 Air Quality Modeling Input Preparation and QA/QC
Key aspects of QA for the CMAQ and CAMX input and output data include the following:

e Verification that correct configuration and science options are used in compiling and
running each module in the CMAQ modeling system, where these include MCIP,
JPROC, ICON, BCON, and CCTM.

e Verification that correct configuration and science options are used in compiling and
running each module in the CAMx modeling system, where these include
WRFCAMX, TUV, CAMX, and the CMAQ2CAMx emissions and IC/BC processors.

e Verification that correct input datasets are used when running each model.

e Evaluation of CMAQ and CAMX results to verify that model output is reasonable and
consistent with general expectations.

e Processing of ambient monitoring data for use in the model performance evaluation.

e Evaluation of the CMAQ and CAMX results against concurrent observations and each
other.

e Backup and archiving of critical model input data.

The most critical element for CMAQ and CAMXx simulations is the QA/QC of the meteorological
and emissions input files, which is discussed above. The major QA issue specifically associated
with the air quality model simulations is verification that the correct science options were
specified in the model itself and that the correct input files were used when running the model.
For CMAQ modeling we have employed a system of naming conventions using environment
variables in the compile and run scripts that guarantee that correct inputs and science options are
used. Similar procedures are used in CAMx modeling using file and directory naming
conventions. A redundant naming system is employed so that the names of key science options
or inputs are included in the name of the CMAQ and CAMXx executable program, in the name of
the CMAQ and CAMx output files, and in the name of the directory in which the files are
located. This is accomplished by using the environment variables in the scripts to specify the
names and locations of key input files.

A second key QA procedure is to never “recycle” run scripts, i.e., the modeling team always
preserves the original runs scripts and directory structure that were used in performing a model
simulation.

The modeling team will also perform a post-processing QA of the CMAQ and CAMXx output
files similar to that described for the emissions processing. Animated graphic files will be
generated using PAVE that can be viewed to search for unexpected patterns in the CMAQ and
CAMXx output files. In the case of model sensitivity studies, the animated graphic files will be
prepared as difference plots for the sensitivity case minus the base case. Often, viewing the
animations can discover errors in the emissions inputs. Finally, daily maximum 8-hour ozone
and 24-hour average PM plots will be produced for each day of the CMAQ and CAMX
simulations. This will provide a summary that can be useful for quickly comparing various
model simulations.
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The Model Performance Evaluation (MPE) is a multi-step process using several different
techniques:

ENVIRON Analysis Tools: ENVIRON has developed ozone performance statistical
techniques, “Soccer Plots”, time series plots, spatial maps and other summary plots that
displays model performance across networks, episodes, species, models and sensitivity
tests and compare them against performance goals. These tools can interface with
Excel® to generate scatter plots and time series plots. It can also interface with
SURFER® to generate spatial maps of model performance. ENVIRON has also
developed software to generate 8-hour performance metrics and displays as
recommended in EPA’s preliminary draft 8-hour ozone modeling guidance (EPA, 1999)
that analyze predicted and observed daily maximum 8-hour ozone concentrations near
each monitor.

UCR Analysis Tools: The University of California at Riverside (UCR) has developed
analysis tools that are used extensively in the CENRAP, VISTAS, and WRAP regional
haze studies. Graphics are automatically generated using GNUPLOT that generates: (a)
tabular statistical measures; (b) time series plots; and (c) scatter plots by all sites and all
days, all days for one site, and all sites for one day.

Atmospheric Model Evaluation Tool (AMET): AMET was developed by U.S. EPA to
aid in the evaluation of meteorological and air quality simulations. AMET utilizes an
open source relational database program and an open source statistical program to store
and analyze model predictions against observations. AMET is currently script based, and
includes numerous scripts for performing common analysis such as scatter plots, box
plots, spatial and time series plots, and output of many different statistics.

The evaluation of the CAMx and CMAQ base case simulations will use the appropriate analysis
tools listed above to take advantage of their different descriptive and complementary nature. The
use of multiple model evaluation tools is also a useful QA/QC procedure to assure that errors are
not introduced in the model evaluation process. Statistical performance measures for ozone,
ozone precursors, and products species will be calculated to the extent allowed by the St. Louis
ambient monitoring network database. For the PM;5 and air toxics simulations, the evaluations
will be performed for all resolved gas-phase and particulate species for which data from the
various monitoring networks are available.

1.5.7 Proposed Model Performance Goals

The issue of model performance goals for 8-hr ozone and PM species is an area of ongoing
research and debate. For 1-hour ozone modeling, EPA has established performance goals for
unpaired peak performance, mean normalized bias (MNB) and mean normalized gross error
(MNGE) of <£+20%, <+15% and <35%, respectively (EPA, 1991). The EPA 8-hour ozone
modeling guidance stresses performing corroborative and confirmatory analysis to assure that the
model is working correctly (EPA, 2007). EPA’s draft 8-hour 0zone modeling guidance included
comparisons of predicted and observed daily maximum ozone concentrations near the monitor
with a <+20% performance goal (EPA, 1999), however this goal was dropped from the final
guidance (EPA, 2007). EPA modeling guidance notes that PM models may not be able to
achieve goals similar to those of ozone, and that better performance should be achieved for those
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PM components that make up the major fraction of total PM mass than those that are minor
contributors. Measuring PM species is not as precise as ozone monitoring. In fact, the
differences in measurement techniques for some species likely exceed the more stringent
performance goals, such as those for ozone. For example, recent comparisons of the PM species
measurements using the IMPROVE and STN measurement technologies found differences of
approximately +20% (SO,) to +50% (EC) (Solomon et al., 2004).

For the St. Louis PM modeling, we will utilize several levels of model performance goals and
criteria that have been used for other PM modeling studies (SCAQMD, 1997, 2003; ENVIRON,
1998; Boylan and Russell, 2006). However, we are not suggesting that specific performance
goals be generally adopted and used as pass/fail tests. Rather, we are just using them to frame
and put the PM model performance into context and to facilitate model performance
intercomparison across episodes, species, models and sensitivity tests.

As noted in EPA’s modeling guidance, less abundant PM species should have less stringent
performance goals. Accordingly, we are also using performance goals that are a continuous
function of average observed concentrations proposed by Dr. James Boylan at the Georgia
Department of Natural Resources that have the following features:

e Asymptotically approaching proposed performance goals or criteria when the mean of
the observed concentrations are greater than 2.5pg/m?;

e Approaching 200% error and +200% bias when the mean of the observed
concentrations are extremely small.

Dr. Boylan uses bias/error goals and criteria of £30%/50% and +60%/75% and plots bias and
error as a function of average observed concentrations. As the mean observed concentration
approaches zero the bias performance goal and criteria flare out to +200% creating a horn shape,
hence the name “Bugle Plots™.

1.5.8 Diagnostic and Sensitivity Studies

Rarely does a modeling team find that the first simulation satisfactorily meets all (or even most)
model performance expectations. Indeed, our experience has been that initial simulations that
“look very good”, usually do so as the result of compensating errors. The norm is to engage in a
logical, documented process of model performance improvement wherein a variety of diagnostic
probing tools and sensitivity testing methods are used to identify, analyze, and then attempt to
remove the causes of inadequate model performance. This is invariably the most technically
challenging and time consuming phase of a modeling study. We anticipate that both the 36/12/4
km ozone and 4/1.333 km PM;s and air toxics simulations will present some performance
challenges that may necessitate focused diagnostic and sensitivity testing in order for them to be
resolved. Below we identify the types of diagnostic and sensitivity testing methods that might be
employed in diagnosing inadequate model performance and devising appropriate methods for
improving the model response.

1.5.8.1 Traditional Sensitivity Testing
Model sensitivity experiments are useful in three distinct phases or “levels” of an air quality

modeling study and all will be used as appropriate in the St. Louis modeling study. These levels
are:
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Level 1: Model algorithm evaluation and configuration testing;

Level Il: Model performance testing, uncertainty analysis and compensatory error
diagnosis; and
Level 111: Investigation of model output response (e.g., ozone, aerosol, deposition) to

changes in precursors as part of emissions control scenario analyses.

Most of the Level | sensitivity tests with CMAQ and/or CAMXx have already been completed by
the model developers and the RPOs. However, given the open community nature of the CMAQ
and CAMx models, the frequent science updates to the models and supporting databases and the
immaturity of fine PM modeling, it is possible that some additional configuration sensitivity
testing will be necessary.

Potential Level Il sensitivity analyses might be helpful in accomplishing the following tasks:

e To reveal internal inconsistencies in the model;

e To provide a basis for compensatory error analysis;

e To reveal the parameters (or inputs) that dominate (or do not dominate) the model’s
operation;

e To reveal propagation of errors through the model; and

e To provide guidance for model refinement and data collection programs.

At this time, it is not possible to identify one or more Level Il sensitivity runs that might be
needed to establish a reliable CMAQ and/or CAMXx base case. The merits of performing Level Il
sensitivity testing will depend upon whether performance problems are encountered in the
operational evaluation. Also, the number of tests possible, should performance difficulties arise,
will be limited by resources and schedule. Thus, at this juncture, one cannot be overly
prescriptive on the number and emphasis of sensitivity runs that may ultimately be desirable.
However, from past experience with CMAQ, CAMXx and other models, it is possible to identify
examples of sensitivity runs could be useful in model performance improvement exercises with
the CMAQ/CAMx modeling databases. These include:

Alternative meteorological realizations of the modeling period;
Alternative vertical mixing and minimum vertical diffusion coefficient;
Alternative and/or modified biogenic emissions estimates;
Modified on-road motor vehicle emissions;

Modified air quality model vertical grid structure;

Modified boundary conditions;

Modified fire emissions;

Modified EGU emissions;

Modified ammonia emission estimates;

Modified aerosol/N,Os/HNO3 chemistry; and

Modified NH3; and HNOj3 deposition velocities.

If necessary, Process Analysis extraction outputs can be included in these Level Il diagnostic
sensitivity simulations in order to provide insight into why the model responds in a particular
way to each input modification. Again, the number, complexity, and importance of these types
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of traditional sensitivity simulations can only be determined once the initial CMAQ/CAMX base
case simulations are executed.

Level 111 sensitivity analyses have two main purposes. First, they facilitate the emissions control
scenario identification and evaluation processes. Today, four complimentary sensitivity
“Probing Tools” can be used in regional photochemical models depending upon the platform
being used. These methods include: (a) traditional or “brute force” testing, (b) the decoupled
direct method (DDM), (c) Ozone Source Apportionment Technology (OSAT) and Particulate
Source Apportionment Technology (PSAT), and (d) Process Analysis (PA). Each method has its
strong points and they will be employed where needed and as resources are available. The
second purpose of Level 111 sensitivity analyses is to help quantify the estimated reliability of the
air quality model in simulating the atmosphere’s response to significant emissions changes.

Based on experience in other regional studies, examples of Level Il sensitivity runs for St. Louis
ozone, PM; s and air toxics modeling might include:

e Ozone, sulfate, nitrate, ammonium and other aerosol sensitivities to SO,, VOC, NOX,
NHj3 and other emissions;

e Ozone, sulfate, nitrate, ammonium and other aerosol sensitivities to elevated point
source NOy emissions;

e Ozone, sulfate, nitrate, ammonium and other aerosol sensitivities to ground level NOy
and VOC emissions including on-road and non-road mobile and area sources; and

e Sulfate, nitrate, ammonium and other aerosol sensitivities to ammonia.

The need to perform sensitivity experimentation (Levels I, 11, or 111) will depend on the outcome
of the initial St. Louis ozone and PM operational performance evaluations. If such a need arises,
the ability to actually carry out selected sensitivity and/or diagnostic experiments will hinge on
the availability of resources and sufficient time to carry out the analyses. Clearly, selection of
the specific analysis method will depend upon the nature of the technical question(s) being
addressed at the time.

1.5.8.2 Diagnostic Tests

A rich variety of diagnostic probing tools are available for investigating model performance
issues and devising appropriate means for improving the model and/or its inputs. In the
previously section we introduced the suite of “probing tools” available for use in the CMAQ
and/or CAMx modeling systems. Where the need exists (i.e., if performance problems are
encountered) and assuming the St. Louis modeling study elects to use probing tool applications,
these techniques could be employed as appropriate to assist in the model performance
improvement efforts associated with the St. Louis ozone, PM,s and air toxics base case
development. Here we describe an additional diagnostic method — indicator species and species
ratios — that is potentially useful not only in model performance improvement activities but also
in judging the models reliability in estimating the impacts on air quality from future emissions.
This method involves the use of so-called “indicator species” and species ratios. If, during the
conducting of the St. Louis ozone and PM simulations we determine that application of indicator
species and species ratio techniques would be beneficial to the study (and if existing project
resources allow), we will discuss with the AQMP Technical Workgroup the merits of including
this additional probing tool as part of additional work efforts.
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Beginning in the mid 1990s, considerable interest arose in the calculation of indicator species
and species ratios as a means of diagnosing photochemical model performance and in assessing
model credibility in estimating the effects of emissions changes. Major contributions to the
development and refinement of this general diagnostic method over the past decade have been
made many scientists including Milford et al. (1994), Sillman (1995, 1999), Sillman et al.
(1997), Blanchard (2000), Blanchard and Fairley (2001), and Arnold et al. (2003). Recent
analytical and numerical modeling studies have demonstrated how the use of ambient data and
indicator species ratios can be used to corroborate the future year control strategy estimates of
Eulerian air quality models. Blanchard et al. (1999), for example used data from environmental
(i.e., smog) chambers and photochemical models to devise a method for evaluating the 1-hour
ozone predictions of models due to changes in precursor NOx and VOC emissions. Reynolds et
al. (2003) followed up this analysis, augmented with process analysis, to assess the reliability of
SAQM photochemical model estimate of 8-hour ozone to precursor emissions cutbacks. These
researchers used three indicator ratios (or diagnostic “probes”) to quantify the model’s response
to input changes:

e The ozone response surface probe [O3/NOXx];
e The chemical aging probe [NOz/NOy]; and
e The ozone production efficiency probe [O3/NOz].

By closely examining the CMAQ’s response to key input changes, properly focused in time and
spatial location, Arnold et al. (2003) were able to show not only good agreement with
measurements but also convincingly demonstrated the utility of the method for diagnosing model
performance in a variety of ways.

Traditionally, indicator species analyses have focused on ozone and its precursor and product
species. However the method is equally applicable to PM species and species ratios given
sufficient measurement data for comparisons. For example, Ansara and Pandis (1998)
demonstrated how indicator species ratios could be applied to show how the modeled mass of
PM might respond to sulfate, nitrate and ammonia emissions-related reductions. The extension
of these techniques to address CMAQ and CAMXx predictions for secondary aerosols, in addition
to ozone, will doubtless be quite challenging, but the use of indicator species (e.g., ammonia or
HNO; limitation for nitrate particle formation) and species ratios appears to offer, at this time,
the only real opportunity to quantify the expected reliability of the air quality model to correctly
simulate the effects of emissions changes. In the St. Louis CMAQ and CAMx model evaluation,
we will remain alert to opportunities to extend the indicator species ratio analyses to the problem
of fine particulate in addition to ozone. This is one area where technical collaboration between
the ENVIRON team and the AQMP Technical Workgroup can be especially fruitful in terms of
identifying and testing emergent methods for challenging the model’s ability to correctly
simulate the effects of future year emissions changes. Finally, we note that this is truly a current
research area and as such may fall outside the scope of the current St. Louis ozone and PM
modeling effort. However, given its importance, we will remain alert to opportunities to utilize
newly available methods should this prove feasible within the St. Louis modeling study
resources and schedule.

1.5.9 Weight of Evidence Analyses

EPA’s guidance recommends three general types of “weight of evidence (WOE)” analyses in
support of the attainment demonstration: (a) use of air quality model output, (b) examination of
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air quality and emissions trends, and (c) the use of corroborative modeling. We will consider the
use of these methods in conducting the CMAQ/CAMXx modeling because it could significantly
strengthen the credibility and reliability of the modeling available to the states for their
subsequent use. The exact details of the WOE analyses must wait until the St. Louis ozone and
PM modeling study evolves further. It is premature to prescribe which, if any of the WOE
analyses would be performed since the model’s level of performance with the base case
modeling is obviously not known at this time. We believe it is always a good idea to perform
WOE analysis to corroborate the modeled attainment demonstration. Many of the WOE
analyses are independent of the photochemical modeling being conducted by the study team and
can potentially be performed by the project sponsors or interested stakeholders. Below are
thoughts regarding what would likely be considered as part of the WOE analyses.

Use of Emissions and Air Quality Trends: Emissions and air quality trend analysis is
always an important component of a WOE analysis.  When combined with
meteorological analysis of the yearly ozone formation potential, it can be used to
determine whether actual trends can corroborate the model projected determination of
whether future-year air quality goals are achieved. Traditionally, these types of analyses
are performed by the lead agency’s own staff. Thus, these activities will likely be
performed by the MDNR and/or IEPA as part of their SIP development.

Use of Corroborative Observational Modeling: While regulatory modeling studies for
ozone attainment demonstrations have traditionally relied upon photochemical models to
evaluate ozone control strategies, there has recently been growing emphasis on the use of
data-driven models to corroborate the findings of air quality models. As noted, EPA’s
guidance (EPA, 2007) now encourages the use of such observation-based (OBM) or
observation-driven (OBD) models. These include receptor models such as Chemical
Mass Balance (CMB) model and the Positive Matrix Factorization (PMF) model.
Another type of observational modeling is indicator species approach which we have
discussed above. We will consider the merits of using these techniques as supportive
WOE. While the OBD/OBM models cannot predict future year air quality levels, they do
provide useful corroborative information on the extent to which ozone formation in
specific subregions may be VOC-limited or NOx-limited, for example, or where controls
on ammonia or SO, emissions might be most influential in reducing PM;s. Information
of this type, together with results of DDM, PA, OSAT and PSAT as well as traditional
“brute-force” sensitivity simulations, can be extremely helpful in postulating emissions
control scenarios since it helps focus on which pollutant(s) to control.

Use of Corroborative Photochemical Modeling: Noteworthy in EPA’s ozone, PM, and
regional haze guidance documents is the encouragement of the use of alternative
modeling methods to corroborate the performance findings and control strategy response
of the primary air quality simulation model (EPA, 2007). This endorsement of the use of
corroborative methodologies, stems from the common understanding that no single
photochemical modeling system can be expected to provide exact predictions of the
observed ozone and PM species concentrations, especially over time scales spanning 1-
hour to 1 year. Although the photochemical/PM models identified in EPA’s modeling
guidance document possess many up-to-date science and computational features, there
still can be important differences in modeled gas-phase and aerosol predictions when
alternative models are exercised with identical and/or similar inputs. Mindful of EPA’s
endorsement of corroborative modeling methods and th