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Executive Summary

LADCO prepared this Technical Support DocurfiE®D}o support the development of
20150zone (Oz) national ambient air quality standard (W&3 nonattainment areaNlAA state
implementation plansIP$ LADCO used the Comprehensive Air Quality Model with Extensions
(CAMXx) v7L0 photochemical modetio support these analyses. The LADCO CAMx modeling
results are used here to identifys@onitoring sites that may have nonattainment or
maintenance problems for the 26 Oz NAAQSy the August 3, 2024ttainment datefor
moderate NAAsBecause the attainmerdate occurs during the 20R0; season, the effective
attainment deadline is the end of the 2823 season and thus resulted in the selection of 202
as the projection year for this modeling applicatitADCO used 2016 as the base modeling year
from which we projected air quality in 262

LADCO based our 200s air quality and NAA attainment forecasts meteorology
modeling that was optimized fooaditions in the Great Lakes Basin. We used U.S28Fé¢h
emissions modeling platform datand otherCAMx modeling platforrmputsreleased by the
U.S. EPA in September 2Gd9this applicationLADCO replaced the Electricity GengrgtUnit
(EGU) emissions in ti#®16h platform with 2023 EGU forecasts estimated with the ERTAC EGU
Tool versioril6.2 beta.ERTAC EGL6.2 betaintegrated statereported information on EGU
operations and forecasts as 8eptember 20210verallthe CONOx and VOC ozone season
emissions are projected to decrease in 308lative to 2016 in all LADCO states.

The LADCO 28ZAMx simulation mdicts thatthe Chiwaukee Prairie, WI and Sheboygan
Kohler Andrae, WI monitors are the only two receptiorshe regionthat will have an average
future year design value (%) that exceeds the 26 Oz NAAQS.

We justify the use of the LADCO 20m6deling platform by comparingz®nodeling
performance benchmarks against recent U.S. EPA 2016 modeling and demonstrating that the

LADCO model is a superior model of ground legéh @he Great Lakes Basin.
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1. Introduction

The Lake Michigan Abirectors ConsortiumLADC@pwas established by thgtates of lllinois,
Indiana, Michigan, and Wisconsin in 1989. The four states and EPA signed a Memorandum of
Agreement (MOA}hat initiated theLake Michigan Ozone Studgd identified LADCO as the
organiation to oversee the study. Additional MOASs were signed bttes in 1991 (to
SadGlrotArAak GKS [I1'1S aAOKAIlLY hlz2yS [/ 2yiGNBEt t N
NBaLR2yaArAoAt AGASAa0E YR WdzyS wnnn o602 uwelJRIGS
regional planning). In March 2004, Ohio joined LADKI@nesota joined the Consortium in
2012.LADCO consists of a Board of Directors (i.e., the State Air Directors), a technical staff, and
various workgroups. The main purposes of LADCO are taprtechnical assessments for and
assistance to its member states, to provide a forum for its member states to discuss regional air
quality issuesand to facilitate training for staff in the member states

OnOctober26, 2015the U.S. EPA revised thampary and secondariational Ambient
Air Quality StandardNAAQ$for ozone((Os), strengthening the standard to a level of 00QYarts
per million (ppm) for a maximum dailyl®ur averagg80 FR 65291) The form of the &our Oz
NAAQS remained the same as the previous standard, the annual {fioigtiest daily maximum
averaged over three consecutive years. When U.S. EPA adopts a new or revises an existing
NAAQS, it is required by Section 107(d)(1) of the Clean Air Act (CAAitatiesireas as
nonattainment, attainment, or unclassifiable. Accordingly Nwvember 6, 2017 U.S. EPA
considered recommendations from states and tribes and designated as attainment/
unclassifiable 2,646 counties and tribal lands across the(B2F-R 5422).The U.S. EPA
followed up this action odune 4, 201&ndinitially designatedseveral areas in the Great Lakes
region among other areas in the countrgsa Y | NE % iohattainment area (NAA)based on
2014-2016 ambient air quality datg85 FR 257). Tablel-1 shows theareas in the LADCO
region initially designated by U.S. EPA as nonattainment of the 20NAMQS.

1The final rule was effective December 8, 2015.
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Tablel-1. June 4, 2018 designations @015 Ozone NAAQS NAAs in the LADCO region

Area State Designation
Allegan County MI Marginal
Berrien County Mi Marginal
Chicago IL, IN, WI Marginal
Cincinnati OH, KY Marginal
Cleveland OH Marginal
Columbus OH Marginal
Detroit MI Marginal
Door County Wi Marginal
Louisville KY, IN Marginal
ManitowocCounty | WI Marginal
Milwaukee Wi Marginal
Muskegon County | Ml Marginal
St.Louis MO, IL Marginal
Sheboygan County| WI Marginal

Severafollow-up U.S. EPA actions redesignated some of the areas in the LADCO region
from nonattainment to maintenance areas or changed the boundaries of the nonattainment
areas.Tablel-2 summarizes the subsequent 2015 RAAQSinal actions taken by U.S. EPA on
NAAsin the LADCO region.

Tablel-2. U.S. EPAnal actions on 2015 Ozone NAAQS NAAs in the LADCO ragiofduly 27,

2022

Area State Action Date
Columbus OH Redesignation to maintenance 8/21/2019
Door CountyRevised| WI Redesignation to maintenanceg 6/10/2020
Sheboygan County | WI Boundary change 6/14/2021
ManitowocCounty | WI Boundary change 6/14/2021
Milwaukee Wi Boundarychange 6/14/2021
Door CountyRevised| WI Designation to marginal NAA | 6/14/2021
Chicago IL, IN, WI| Boundary change 6/14/2021
St. Louis MO, IL | Boundary chage 6/14/2021
Manitowoc County | WI Redesignation to maintenanceg 3/1/2022
DoorCountyRevised| WI Redesignation to maintenance 4/29/2022
Cincinnati OH Redesignation to maintenancg 6/9/2022
Louisville IN Redesignation to maintenenceg 7/5/2022
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OnApril 13,2022 U.S. EPA determined the¢veralNAAs in the LADCO regifaied to
attain the 2A.5 O: NAAQS by théugust 3, 202attainment date androposedto reclassiy the
aressl & G Y 2 RN e attainment deadline for moderate NAAs to meet #045 Os
NAAQSs August 3, 2024
The2015 Q NAAQSonattainment aeasin the LADCO regias of July27, 2022are
shown inFigurel-1. The states witiNAAsshown in this figurenust submit State
Implementation Plans (SIRG)U.S.EPAKI i YSSG (GKS NBI ddodeBtESy (G a |
Oz NAAs TheNAASIPsor attainment demonstrationsimust include a demonstration which
identifies emissions reduction strategi#sat areenoughto achieve the NAAQS Byugust 3,
2024 the attainment datefor moderateNAAs Because the attainment deadline occurs during

the 224 O; season, the effective attainment deadline is the end of th2320; season.

8-hour Ozone Classification

- Extreme

[ ]severe-17
D Severe-15
E Serious {
|:| Moderate
|:| Marginal

[:| Marginal (Rural Transport)

—

Figurel-1. Nonattainment areas in the Lake Michigan region for the1Z0; NAAQS (Source:
U.S. EPAJune 302022.?

2 For the Cincinnati, OKYnonattainment areghe Ohio portion was redesignated on June 9,
2022.For the Louisville, K\ nonattainment area the Indianportion was redesignated on July
5, 2022. Neither ofhe Kentucky portios of these areas haveeen redesignated. The entire
area is not considered in maintenance until all states in a rstdte area are redesignated.
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hyS 2F [! 5/ hQa NBalLRyairAoAftAdASa Aa G2 LINRQ
support to the LADC@®emberstates. LADCO prepared this Technical Support Document (TSD)
to support the development ahe Os NAA SIPg.g., attainment plandpr our members
pursuant to the 205 O:NAAQSThe analyses prepared by LADCO include preparation of
modelingemissions ingntories for the base year (26Landthe last completed ozone season
(2023) before thattainmentyear(2024), evaluation and application of meteorological and
photochemical grid models, analysis of ambient monitoring datel a nodeled attainment test
for surface @monitors in theexistingNAAs. In this reportLADCO provides technical information
on the validity of the model used to forecdsture air quality, and our predictions of futuresO

design values for thllowing 2015 @NAAQS nonattainment areas:
1 Chicago, IN/WI
1 St Louis, MOL
Allegan County, Mi
Berren County, Mi

Muskegon County, Ml

1

1

1

1 Detroit, Ml
1 Cleveland, OH
1 Milwaukee, WI
1

Sheboygan County, WI

1.1. ConceptuaModels of Ozone Formation in the LADCO Region

An Gz conceptual model is a qualitativdescriptionof the physical and chemical parameters
that drive ground level €&Xormationin a specific area. The purpose of the model ibuid
understanding othe meteorological and chemical factors contributing to high

concentrations Ozone conceptual models are a component of attainment plans because a
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fundamental understanihg of the cause of @pollution is needed to enable the development of
effective mitigation strategies.

LADCO compiled a library of €@nceptual models for the different NAAs in the region on
the LADCO website:

Conceptual Models of Ozone Formation in the LADCO Region

The site includes conceptual models for the following areas in the LADCO region,
Chicago, IL/IN/WI

Cincinnati, OH/KH

Cleveland, OH

Southeast Michigan

Louisville, KY/IN

Wisconsin Lakeshore

St. Louis, MYIL

= =/ =4 4 A4 A4 -4 -

Western Michigan

1.2. LADCQ@DzoneSynthesisProject

Starting in 2017 with the Lake Michigan Ozone Stu&)CO has been building a library of
contemporary state-of-the-science information on ground leveg @ollution in the Great Lakes
Basin. The purpose of this effort is to synthesize all known, recéartmation about Qin the
region into a coherent picture of the driveo$ and potential solutionsd Gs air pollution. The
goal of the effort is to provide the LADCO member states with comprehensive decision support
resources that are based on the best#able information on emissions, ambient observations,
satellite-based remote sensing, and modeling.

The LADCO=@ynthesis Project supplements this TSD with reports on the following areas:
1 Ozone chemistry

Satellitebased remote sensing

Ozone trends

Ozone precursor emissions reduction options

= =_ =2 =2

Machine learning applications for understanding ozone
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1 Insights from recentnonitoring and modeling intensives (LMOS and MOOSE)

The LADCOz®ynthesis Project reports are available on @science page of theADCO
website:
LADCO Ozonectencefor the Great Laks Basif

1.3. Project Overview

LADCO conducted regional air quality modeling to support the statutory obligations of the
LADCOnemberstates under Clean ABectionl72 Theseobligations includesIP revisionthat
are plansdescribng how states with designateNAAswill bring the areas back into attainment
of the NAAQI.ADCO used the Comprehensive Air Quality Model with Extensions {Q8Mx
support these analyseADCO uskCAMxversion 710 to predictOs concentratiorsin 2023 to
determine if current emissions control programs in the region will lead to attainment of the

2015 O3 NAAQS.

1.4. Organization of theTechnical Support Document
ThisTSDOs presented to the LADG@emberstatesfor estimatingyear 203 Oz design values
(DVEko29). The TSk organized into the following sections.

1 Section Aescribes current surfaces@onditions in the LADCO region and trends3n O

concentrations over the s decade

1 Section3describes thenethods and data that LADCO useddwmrgualitymodeling model

performance evaluatio, and source apportionment modeling

1 Section 4escribes the 2016 and 2023 emissions used for the modeling and attainment

testing described in this TSD

1 Section Ssummarizes the results of LADCO 2016 air quality modelrpeaface evaluation,
including a summary and references to details of the WRF meteorology modeling used to

support the CAMx simulations

3 https://www.ladco.org/publicissues/ozone/ozonecience/

4www.camx.com
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f Section6described ! 5/ h Q& Y2RSt FGllangras@ty G GSadAy3a
9 Section? presents source apportionment modeling results that assocgiarecursors
sources td)s concentrations at NAA receptors in the region.

1 Section &rovides a justification for using the LADCO 2@b@leling for the 2015 ¢§NAAQS

moderate area attainment demonstrations

1 The TSD concludes witlsammary ofignificantfindingsand observations from the LADCO

modeling

1 TheTSD Supplemers a separate document that inclesladditional supplementary

technical informatiorto support this TSD.

Throughout the TSDBhe modeling and analysissults areorganizedby the 2015 @NAAQS
NAAs where appropriateThe TSIPresents &erage ozone season day emissions summaries,
CAMx model performance,s@ttainment test results, and source apportionment results for

each2015 & NAAQINAAIn the LADCO region.



https://www.ladco.org/wp-content/uploads/Projects/Ozone/ModerateTSD/LADCO_2015O3_ModerateNAASIP_TSD_Supplement_27Jul2022.pdf
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2. 2016 Ambient Air Quality Data Analysis

LADCO retrieves and corgls analyses on surface; @ata collected at routine and special
purpose ambient monitors throughout the region. The current monitoreal€sign values
(DVs), or the thregrear average of the®highest daily maximum-Bour average (MDAS8):0
concentratiors, are presented in this section along with a discussion of trendsDV® and
other metrics for tracking the changes in surfacgc@neentrations in the region. Design values
are labeled by the last year of the thrgear average. For example, tB8210; DV is the
average of the annual®highest MDA8 @concentrations for the year2d0192021

2.1 Current Conditions

Figure2-1 shows maps of the021 annual fourth high MDAS8 values and #6821 DVs for
the LADCO regiofrigure2-2 shows the same DV data for ea®hiNAAand maintenance area
DVs exceeding the level of the 2005NAAQS (70 ppb) are shown in orange. These figures also
show the locations of the 2016; NAAQS NAAand maintenance area

Table2-1 and Table2-2 show the historical trends i@; DVs inOz nonattainmentand
maintenanceareas in the regionlable2-1 shows the annual DVs for eaaheafrom 2015 to
2021IT KSasS @l fdzSa aK2g¢g GKS 5+ FTNRBY GKS aO02ydN
3-year DV in the entirarea Table2-2 shows the annual DVs for all monitors in the NAAdG
maintenance areafom 2015 to 2021

The DV tables and figures show that about half ofaheasin the LADCO region were
attaining the 201503 NAAQS in 2021. These attaining areas include the Door CRawviged,
WI, Manitowoc County, WI, Detroit, MI, St. Louis, MQLouisville, kN, and Cincinnati, OKY
areas. Six areas around Lake Michigan (Sheboygan, WI, Milwadfke€hicago, JIN-WI, and
the Berrien, Allegan, and Muskegon county areas in MI) and Clevelandolatedthe 201503
NAAQSN 2021;no areasviolatedthe 2008 ozone NAAQS in 2021.
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2021 Ozone Fourth High Values
{\%\3"”"-;;’%.

Iz hY
1 \

2021 Fourth Highs (ppb)
@ <61

61-65

66 -70

71-75

>75

2015 Maintenance Areas

"1 2015 Nonattainment Areas

[Z7] 2008 Maintenance Areas

[] 2008 Nonattainment Areas

@ 000

2021 DVs (ppb)

@ <61

O 61-65
O 66-70
0 71-75
® >75
O Incomplete

2015 Maintenance Areas
|1 2015 Nonattainment Areas
[77] 2008 Maintenance Areas
[7] 2008 Nonattainment Areas
T TTT T

Figure2-1. 2021 fourth high ozone MDAS8 values (top) and draft 262921 ozone design
values (bottom) for the LADCO region. Nonattainment amdintenance areas for the 2008
and 2015 ozone NAAQS are shown for comparison. Where the current nonattainment areas

overlap, the area appears purple.
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[5) =~ (
2021 DVs (ppb)
@ <s61
O 61-65
QO 66-70
Q 71-75
@® 75
O  Incomplete
2015 Maintenance Areas
o y Manitowoc Cl 2015 Nonattainment Areas
O m 2008 Maintenance Areas
|:| 2008 Nonattainment Areas
o Sheboygan
o
Milwaukee
Muskegon
@)

Figure2-2. 20192021 ozone design values for the nonattainmesamd maintenanceareas in
the LADCO region. Nonattainment and maintenance areas for the 2008 and 2015 ozone
NAAQS are shown for comparison. Where the current nonattainment areasrlap, the area
appears purple.
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Table2-1. LADChonattainment and maintenance gea design values (ppb). Values exceeding
the 2015 NAAQS are highlighted in light orange. Values exceeding the 2008 NAAQS are
highlighted in medium orangeDesign values were downloaded from AQS.

Designated Area 2015 2016 2017 2018 2019 2020 2021
Allegan County, Ml 75 75 73 73 72 73 75
Berrien County, Ml 73 74 73 73 69 72 71
Muskegon County, Ml 74 75 74 76 74 76 74
DoorCounty, WI 69 72 73 73 70 72 70
Manitowoc County, WI 72 72 74 73 71 70 68
Milwaukee, WI 70 73 74 78 74 73 73
Sheboygan County, Wl 77 79 80 81 75 75 72
Chicago, HIN-WI 75 77 78 79 75 77 75
Cincinnati, OKKY 71 72 73 75 74 74 70
Cleveland, OH 73 74 73 74 73 74 72
Detroit, Ml 71 71 71 69 68 67 66
Louisville, K-YN 72 73 73 74 72 72 70
St. Louis, ML 69 74 74 75 72 72 69

Table2-2. LADCO nonattainment and maintenance area monitor design values (pydlues
exceeding the 2015 NAAQS are highlighted in light orange. Values exceeding the 2008 NAAQS
are highlighted inmedium orange Design values were downloaded from AQS

Site Site Name 2015 2016 2017 2018 2019 2020 2021
Allegan County, Ml

260050003 Holland 75 75 73 73 72 73 75
Berrien County, Ml

260210014 Coloma 73 74 73 73 69 72 71
Muskegon County, Ml

261210039 Muskegon 74 75 74 76 74 76 74
Door County, WI

550290004 Newport 69 72 73 73 70 72 70
Manitowoc County, WI

550710007 Manitowoc 72 72 74 73 71 70 68
Milwaukee, WI

550790010 Milw-16th St 62 64 65 67 64
550790026/68 SER DNR/UWM Upar 66 68 67 69 65 68 68
550790085 Bayside 68 71 71 73 69 70 70
550890008 Grafton 70 71 71 72 71 71 71
550890009 Harrington Beach 69 73 73 74 70 70 70
551010020 RacineP&D 74 78 74 73 73
551330027 Waukesha 63 66 65 66 63 64 65

12
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Site Site Name 2015 2016 2017 2018 2019 2020 2021
Sheboygan County, WI

551170006 Sheboygan KA 77 79 80 81 75 75 72
Chicago, HIN-WI

170310001 Alsip 65 69 73 77 75 75 71
170310032 Chicago SWFP 68 70 72 75 73 74 75
170310076 Chicago Com Ed 64 69 72 75 72 69 67
170311003 Chicago Taft HS 66 69 67 69 67 73 71
170311601 Lemont 66 69 69 70 68 71 72
170313103 Schiller Park 61 62 62 64 63 65 64
170314002 Cicero 62 66 68 72 68 71 70
170314007 Des Plaines 68 71 71 74 70 71 69
170314201 Northbrook 68 71 72 77 74 77 74
170317002 Evanston 70 72 73 77 75 75 73
170436001 Lisle 64 68 70 71 70 71 70
170890005 Elgin 65 68 69 71 70 72 70
170971007 Zion 71 73 73 75 71 72 73
171110001 Cary 65 68 69 72 71 73 71
171971011 Braidwood 63 64 65 67 66 66 64
180890022 GarylITRI 65 67 68 70 68 70 69
180892008 Hammond 63 65 66 65 66 68
181270024 Ogden Dunes 68 69 69 71 70 71 72
181270026 Valparaiso 63 66 69 73 73 69 68
550590019 Chiwaukee 75 77 78 79 75 74 74
550590025 Kenosha WT 69 71 73 77 74 74 72
Cincinnati, OHKY

210150003 East Bend 61 63 62 64 63 64 61
210373002 N Kentucky Univ 71 70 69 67 65 63 63
390170018 Middletown 69 70 71 73 71 71 67
390170023 Crawford Woods 69 72 72 73 70 69 66
390179991 Oxford 68 69 69 70 68 66 64
390250022 Batavia 68 70 70 70 69 68 66
390610006 Sycamore 70 72 73 75 74 74 70
390610010 Colerain 69 72 70 72 70 70 67
390610040 Taft 69 71 71 72 71 70 69
391650007 Lebanon 69 72 71 72 71 72 70
Cleveland, OH

390350034 District 6 69 69 68 70 69 71 70
390350060 GTCraig 62 64 62 62 63 65 63
390350064 Berea BOE 63 64 66 66 64 65 66
390355002 Mayfield 66 67 70 71 71 71 68
390550004 Notre Dame 67 70 72 72 70 68 66

13
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Site Site Name 2015 2016 2017 2018 2019 2020 2021
390850003 Eastlake 73 74 73 74 73 74 72
390850007 Painesville 66 67 70 70 70 68 66
390930018 ElyriaSheffield 63 65 65 67 64 62 58
391030004 Chippewa Lake 64 64 64 65 61 61
391331001 Lake Rockwell 61 61 62 63 63 62 62
391530020 Patterson Park 61 61 64 65 67 65 64
Columbus, OH

390410002 Delaware 68 67 65 64 63 64 62
390490029 New Albany 71 71 71 69 68 67 66
390490037 Franklin Park 67 66 65

390490081 ColumbusMaple 65 67 66 66 62 62 62
390890005 Heath 66 67 66 64 61 60 59
390890008 Reynoldsburg 61 58
Detroit, Ml

260990009 New Haven 71 72 71 72 68 71 68
260991003 Warren 66 67 66 69 66 68 66
261250001 Oak Park 66 69 70 73 70 72 69
261470005 Port Huron 72 73 71 72 71 71 70
261610008 Ypsilanti 66 67 67 69 66 67 66
261619991 Dexter 68 69 71 66 65 62
261630001 Allen Park 63 65 66 68 66 67 67
261630019 Detroit-E 7 Mile 70 72 73 74 72 71 70
Louisville, KW

180190008 Charlestown SP 69 70 71 70 67 65 63
180431004 New Albany 67 69 71 73 70 67 64
210290006 Shepherdsville 65 66 65 66 64 65 64
211110051 Watson Ln 69 68 68 66 65 65
211110067 Cannons Lane 74 74 75 72 72 69
211110080 Carrithers MS 67 68
211850004 Buckner 68 70 68 67 66 65 63
St.Louis, MAL

171190120 Alton-HM Sch 71 71 69 70 68 69 68
171191009 Maryville 69 67 68 72 71 68 67
171193007 Wood River 69 71 70 71 69 70 69
171199991 Alhambra 68 67 67 68 66 66 64
171630010 East St. Louis 66 68 68 71 68 67 65
291831002 West Alton 71 72 72 74 71 71
291831004 Orchard Farm 69 71 70 72 69 68 66
291890005 Pacific 65 65 64 66 65 66 64
291890014 MarylandHeights 70 71 69 70 68 71 69
295100085 Blair Street 65 65 66 71 69 68 65

14
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2.2. OzoneTrends

Figure2-3 andFigure2-4 illustrate the 17year trends in @DVs &surface monitors in the
different s NAAs. Ozone DVs in atinattainment and maintenance aredecreased over this
period from high values in the m2000s to values in 2021 that were either record lows or near
record lows in many areas. The @V eductions are particularly notable for the Manitowoc
Sheboyganand Door County NS+ & Ff2y3 2A302yairyQa fI11SaKz2N
the southern areas of Cincinnati, OH, LouisvilleINN¥and St. Louis, M@. In contrast, while ©
DVs in the Chicago-IN-WI appear to have been relatively stable since 2010, the bhasa

attained the 2008 ozone NAAQS in two out of the last three design value years.

15
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Figure2-3. 3-year Q design value trends from 2005 to 2019 in the LADCO ozone
nonattainment and maintenanceareas.Areamean and maximum values are shown, along
with values for individual monitors. The solid red line stws the level of the 2015 ozone
NAAQS, and the dashed line shows the level of the 2015 ozone NAAQS.
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Ozone Design Value Trends - Cincinnati Ozone Design Value Trends - Cleveland
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Figure2-4. 3-year Q design value trends from 2005 to 2019 in the LADCO ozone
nonattainment and maintenanceareas.Areamean and maximum values are shown, along
with values for individual monitors. The solid red line shows the level of the 2015 ozone
NAAQS, andhe dashed line shows the level of the 28ozone NAAQS.

2.3. Meteorology andTransport

Ozone concentrations amgreatlyinfluenced by meteorological factors. QualitativeBg,
episodes in the region are associated with hot weather, clear skies (sometimes hazy), low wind
speeds, high solar radiation, and winds with a southeoimponent. These conditions are often

a result of a slowmoving highpressure system to the east of thegion. The relative importance

of various meteorological factois select NAAg discussed later in this section.
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Transportof Oz and its precursors is a significant factorthe LADCO regiaand occurs
on several spatial scales. Regionally, over Hirday period, somewhat stagnant summertime
conditions can lead to the buHdp of O and Q precursor concentrations over a large spatial
area. This polluted air mass can be transported long distances, resulting in eleydés@I©in
locations far dowwind. Locally, emissions from urban areas add to the regional background
leading toOs concentration hot spots downwind. Depending on the synoptic wind patterns and
presence ofocal landlake breezesn some areasdifferent downwind areas are affected.

The following key findings related to transport can be made:

1 Ozone transport is an issue affecting many portions of the easterMNB/s in the LADCO
regionreceive higrconcentrationsof incoming (transportedps and Oz precursors from
upwind source aras on many hot summer daySources in the LADCO region also
contribute to the higlconcentrationsof Oz and Oz precursors affecting downwind receptor

areas.

1 Lake Michigaand Lake Erimfluence the formation and transport @ in the region,
particularly at sites within a few kilometers of the shoreline. Depending on-rgle
synoptic winds and localcale lake breezes, different parts of the area experience®igh
concentrationsFor example, during southerly flow, hiGacanbe transported from Chicago
to the Wisconsidakeshorewhereasduring southwesterly flow, higs from Chicago can be

transported towestern Michigan.

2.4. Adjustment of Ozone Trends for Meteorology

Given theimportance of theimpactsof meteorology on ambien®s; concentrations yearto-
year variations in meteorology can make it difficult to assess short termi¢sgthan 10 years)
trends inOs concentrations One approach to adjushe trendsin Os concentrationgor
meteorological influenceasesClassification and Regression Trees (CART). CART is a statistical
tool to classify datdBreiman et al., 1984)VWe applied CART t{dDA Oz and meeorological data
to determine the meteorological conditions most commonly associated with @iglays in
nonattainment and maintenance areasthe LADCO region. Once days are classified by their

unique, shared meteorological characteristi®s,conentration trends among days with similar
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meteorological conditions can be examindthe LADCOART analysismovesthe influence of
yearto-year meteorological variability 0@z concentrations, and any remaining trend is
assumed to be the result of nemeteorological factors, such as reductions in emission3zof
precursors.

LADCO conducted the CART analyses using I@#8nitoring data from regulatory
monitors in the NAAs andadly meteorological data from airport weather stations. The analysis
included data from the years 2005 through 2020 to identify the trends in ambient, suttace
concentrations after adjustment for meteorologyADCO developed regression trees to classify
each summer day (MaySeptember) by a common set of meteorology variables. Each branch in
a regression tree describes the meteorological conditions associated with diffégent
concentrations. We assigned meteorologically similar days tetyfay groups Known in CART as
Gy 2 RS a¢ 0 2quigdeit @mrarchedSof the regression tree. Grouping days with similar
meteorology normalizes the influence of meteorological variability on the underlying tre@gl in
concentrationsThe remaining trend iz concentrations can be presumed to be due to trends
in nonmeteorological predictors, such as precursor emissions. We then plotte@ilrends
for each of the different CART nodes.

This TSD gives a hitggvel summary of th€ARTesults for thecurrently desjnated
ozone NAASA brief description of CART analysis is provided in Section S3 of the Supplement to
this TSD. A moreomplete descriptiorof the results for alhonattainment and maintenance
areas along with theCARTethodology is available im LADCO report on CART.

Although the exact selection of predictive variables changes from site to site, the most
common predictor®f high surface ©concentratons during the period we analyzedea
temperature, wind direction, and relative humidityrendsin O; concentrations in higiOz
nodeswere found to be declining over thesdyear period foralmost allareas studied Figure2-5
andFigure2-6). These plots reflect long term trends and are not meant to depict trends over

shorter time periods.

5 https://www.ladco.org/wp-content/uploads/Projects/Ozone/LADCO O3 CARalysis 270ct202FEINARwith-
Appendices.pdf
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2.4.1. Western Michigan NAA CART Analyses
LADCO conducted CART analyses for each of the thre@ NAAf 2y 3 a A OKA Il y ¢

Michigan shoreline. This TSD examines the analyses for these three NAAs, all @irevhich
currently designated nonattainment fahe 2015 @ NAAQSThe highozone nodes from the
CART analysis for the Muskegon County monitor generally have southerly transport, hot
temperatures, and low relative humiditys(ipplementrableS13). Similarly, he highozone
nodes for the Allegan County monitali hadsoutherly transport and hatemperatures
(Supplement Tabl&11, butrelative humidity was not a factolhe most important factors for
the highozone nodes for the Berrien County monit@ere hot temperatures and low relative
humidity SupplementTableS1). SeveraBerrien Countyhodes also have southerly winds or
transport. Mean Oz concentrations in all higlhzone nodesn Muskegon and Allegan counties
have decreased from 2005 to 20Zdure2-5). In Berrien County, ean Oz concentrations in all
but one of the highozone nodes have decreased from 800 2020 Figure2-5); the one node
with steadyOs concentrations has a mean concentration of 53 ppb, so these days are unlikely to

contribute to Oz nonattainment.

2.4.2. Wisconsin NAA CART Analyses

[ 15/ h O2yRdzOGSR /! w¢ |ylfteasSa F2NJ SIOK 2%
Michigan shoreline. This TSD examines the analyses for the Sheboygan and Milwaukee NAAs,
both of whichare currently designated nonattamnent forthe 2015 Q NAAQSThe highozone
nodes from the CART analysis for the Sheboygan County monitor generally have southerly
winds/transport and hot temperatureéSupplementrableS1). Mean Oz concentrations irall
the highozone nodes have decreased from 2005 to 202ure2-5). Similarly, he highozone
nodes from the CART analysis for the Milwaukee monitors generally have hot temperatures and
southerly windg{SuppémentTableS1). The highesOs node also has winds that are either
weak from the west (<2.0 m/s) or from the east. M&asconcentrations irall the highozone
nodes have decreased from 2005 to 20B@(ire2-5).

2.4.3. Chicago, HIN-WI, CART Analyses
LADCO conducted CART analyses for three different parts of the large Chicago NAA: the

far north (Kenosha and Lake counties;Mjl central (Cook County, IL), and the far east (Lake
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and Porter counties, INThe highozone nodes from all three CART analyses generally have hot
temperatures and low relative humidifBupplementTableS1). Some of the nodes in all three

of the analyses are also influenced by saurth transport, although southerly transport is most
important for the northern Kenosha and Lake County monitors. Several nodes in the Indiana
monitor analysis are also influenced by wind speeds. For the far north and far eastern parts of
Chicago, meaf; concentrations in all the highzone nodes have decreased from 2005 to 2020
(Figure2-5). In contrast, meats concentrations in most of the higboncentrationnodes in

central Chicago have increased from 2005 to 202gure2-5).

2.4.1. Detroit, MIl, CART Analyses
LADCO conducted CART analyses foia&oit nonattainment areaThe highozone

nodes from the CART analysis for the Detroit monitors generally have hot temperatures and low
relative humidity SupplementTableS1]). The highest ozone nodes also have winds from the

east to southsouthwest, and other higlozone nodes have low wind speeds. Southerly winds

and transport appear as important variabl€sgure2-6 shows that the rean Oz concentrations

in all the highconcentrationnodesfor Detroithave decreased from 2005 to 2020.

2.4.2. St. Louis, MAL, CART Analyses
LADCO conducted CART analyses foStheouisionattainment areaThe highozone

nodes from the CART analysis for 8te Louisnonitors generally have low relative humideyd
hot temperatures SupplemenfrableS1). The highest ozone nodes also have gentle winds or
shorter transport distanceswith easterly windsThese factors also appear as important
variables, with relative humidityelated parameters being the most imgant. Figure2-6 shows
that the mean Oz concentrations in all the highoncentrationnodesfor St. Louidiave decreased

from 2005 to 2020.

2.4.3. Cleveland, OH, CART Analyses
LADCO conducted CART analyses for the Cleveland nonattainmentladaghozone

nodes from the CART analysisigeally have hot temperatures and low relative humidity
(SupplemenfrableS1). The highest ozone nodésr Clevelandhave low wind speed, which also

appears as an important variable, along with southerly transpgégure2-6 shows that the
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mean Oz concentrations in all the higbhoncentrationnodesfor Clevelandave decreased from
2005 to 2020Kigure2-6).
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Figure2-5. Ozone trends irhigh-ozone nodes in select ozone nonattainment areas in the
LADCO region.
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2005-2020 Trends by CART Node: Cleveland 2005-2020 Trends by CART Node: Detroit
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Figure2-6. Ozone trends in higlozone nodes in select ozone nonattainment areiashe
LADCO region.

2.5. Summary

Overall, tle LADCO CARmMmalysis shows that{IDVs have decreased considerably since
2005, reaching levels where atbnattainment and maintenance areastained the 2008 ozone
NAAQS and margreasattained the 2015 @NAAQSN 2021. Ozone concentrations in the
different areasare impacted by different meteorological factors, with all areas impacted by high
temperatures and many areas impactey $outherly transport and low relative humidity. When
adjusted for meteorologysing CARTO: concentrations on higlozone days in select NAAs
(those that did not attain the 2015 ozone NAAQS in 2021) decreased for almost all types of days
in almost all NAA. The notable exception is for central Chicago, where meteorologically
adjusted Q concentrations appear to have increased si@0@5 The CART trends indicate that
ongoing reductions of €precursor emissions are continuing to reducecOncentratios in

most areas of the LADCO region.
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3. Air Quality Modeling Platform

3.1. 2016Modeling Platform

LADCO based our POCs air qualitypredictionson the2016v1 National Emission Inventory
Collaborative emissions inventdrgnd the U.S. EP201&h_16 (herein referred to as 2016fh)
emissiongnodeling platform(US EPA, 2021)ADCO generated the Weather Research Forecast
(WRF) modeaineteorology(LADCO, 2032ndusedinitial and boundary conditionsom the U.S.
EPA 201 CAMxmodeling platform(US EPA, 2019)ADCO process#ake 2016 emissions using
the U.S. EPS8parse Matrix Operator Kernel Emissions (SMG&Ipts distributed with the
2016h emissiongnodeling platform.The CAMXx inputs, including the metelogy data
simulated with the Weather Research Forecast (WRF) model, emissions data, and boundary

conditions represent year 2016 conditions.

3.2. Modeling YearJustification

LADCO selected 2016 as a modeling year for this study beaatrseinitiation of his
project in late 201CAMX input data for 2016 were widely available #mely represented the
state-of-the-science for emissions and meteorology ddita2017 a groupof multi-jurisdictional
organizations (MJOs), states, and EPA established 2016 asvhigase year for a national air
guality modeling platforri The group concluded that if only one recent year could be selected,
that 2016 would serve as a good base year becausgafal Q conditions ancaveragewildfire
conditions Following from the base year recommendations from that group, several modeling
centers, including U.S. EPA and LAe@eloped data and capabilities for simulating and
evaluating air quality in 2016.

Following from the selection of 2016 as the base yeamafnational modeling platform,
starting in late 2017, the MJOs, states, and EPA formed the National Emissions Inventory

Collaborative to develop 2016 emissiongwventory andmodeling platform Over 200

7 http://views.cira.colostate.edu/wiki/wiki/10202

8 Base Year Selection Workgroup Final Report
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participants collaborated across 12 workgroupsigvelop base and future year emissions to
support upcoming regulatory modeling applications. This effort was designed to involve a broad
group ofemissions experts in the development ofi@w national emissions modeling platform.
LADCO used the 2016 and23dnventories developed by the Collaborative for the modeling
presented hereSection8 LINB & Sy (i & tificaton fdr Gsing tRe@316v1 emissions data
over the 2016v2 data for the modeling reported in this TSD.

The attainment date for 20154NAAQS moderate NAAs is August 3, 202D CO selected
2023 as the future projedabn yearbecause it aligns with the lasbmpleteOs season that will be

used to determinattainment of these areas

3.3. Air QualityModel Configurationand Data

LADCO basenur CAMxair quality modeling platform for thiapplicationon the
configuration thatwe recentlyused for 2008 @NAAQS attainment demonstration modeling
(LADC(02020 and regional haze modeling for the Regional Haze Rfiienplementation
period (LADCO, 2021)ADCO used CANIX.0 (Ramboll 2020) as the photochemical grid model
for thisapplication CAMx is a thredimensional, Eulerian air quality model that simulates the
chemical transformation and physical transport processes of air pollutants in the phpos. It
includes capabilities to estimate the concentrations of primary and secondary gas and particle
phase air pollutants, and dry and wet deposition, from urban to continental spatial scales. As
CAMXx associates sourtevel air pollution emissions estates with air pollution concentrations,
it can be used to design and assess emissions reduction strategies pursuant to NAAQS
attainment goals.

LADCO selected CAMXx for this study because it is a component of k&de6iO and.S. EPA
modeling platformsdr investigating thealrivers of ground level £In the Great Lakes region and
across thdJ.S As CAMx is a component of U.S. EPA studies with a similar scope to this project,
LADCO was able to leverage the data and software elements that are distribukectoant
U.S. EPA regulatogyr qualitymodeling platforms. Using these elements saved LADCO
significant resources relative to building a modeling platform from scratch.

Figure3-1 shows theLADCO WRHRodeling domais used for this applicationA 12km

uniform grid L2US2 coversall the continental U.S. and includes parts of Southern Canada and
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Northern MexicoA 4-km domain covers all the LADCO member states in their entirety. A 1.33
km domain covers Lake Michigarhevertical modelinglomain has36 layers with a model top

at about 17,550 meters (50 mb). LADCO used the same U.S. E&RAdb2nain for this project
becaue it supported the use of initial and boundary conditialzgathat werereadilyavailable
from U.S. EPA.

Table3-1 summarizes th&€€ AMxscienceconfigurations and options LADQ@edfor the 2016
and 20383 CAMx modeling for this applicatiowe used he Piecewise Parabolic Metho®PMN)
advection solvefor horizontal transportlong with the spatially varying (Smagorinsky
horizontal diffusion approachWe usedK-theory for vertical diffusiorusing the CMA@Qke
vertical diffusivities from WRFCAMKkheCB6b gasphase chemical mechaniswasselected
because it includes the latest chemical kinetic rates and represents yaprents over the
other alternativeCB05 and SAPRC chemical mechanésmeell as active methane chemistry
Additional CAMx inputesere as follows:

Meteorological InputsTheLADCQVRFderived meteorological fieldd. ADCO, 202®&)ere

processedo generateCAMxmeteorological inputs usintpe WRFCAMgprocessor, as described
in Sectior3.3.1
Initial/Boundary ConditionsLADCO used 2016 initial and bdary conditions for CAMXx

generated by the U.S. EPA from a northern hemisphere simulation of the Community Multiscale
Air Quality (CMAQ) model (US EPA, 2019d). EPA generated hounyapmested boundary
conditions (i.e., hemispherscale to regionasale) from a 2016 16&8m x 108km polar
stereographic CMAQ simulation of the northern hemisphere. Following the convention of the
U.S. EPA 2016 regional haze modeling (U.S. EPA, 2019b), LADCO used year 2016 CMAQ bound:
conditions for modeling 2016 and 28 air quality with CAMX.

Photolysis Rated ADCreparad the photolysigate inputs as well as

albedo/haze/ozone/snow inputs for CAMPDayspecific Q column data werddased orthe
Total Ozone Mapping Spectrometer (TOMS) aa¢@sured using the satebibased Ozone
Monitoring Instrument OQMI). Albedo were based on land use data. LADCO useduihe
photolysis ratgprocessolito prepare cleaisky photolysis rates for CAMYK therewere periods

where daily TOMS datsere unavailablen 2016 the TOMS measurements were interpolated
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between the days with valid dataCAMx»vasalso configured to use the-ime TUV to adjust for
cloud coverand account for the effectdhat modeledaerosol loadings have on photolysis rates;
this latter effect on photolysis may be especially important in adjusting the photolysis rates due
to the occurrence of PM concentrations associated with emmssfoom fires.

Landuse LADCQised landuse/landcover data from the U.S. EPA WRF simulation

SpinUp Initialization A minimum of én days of model spin up.Q., December 231, 2015

wasusedfor all modelingdomairs. LADCO ran monthly CAMx simulations, initializing each
month with a D-day spiRup period.
As the focus of this study is o,QADCO used CAMXx to simulate 20460z season.
LADCO simulateipril 1 through October31, 2016 as individual months usin@-day model
spinup periods for each month. LADCO selected a CAMx configuration that was consistent with

previous @modeling applications performed by LAD@020)and U.S. EPA. U.S. EPA (2019).

Table3-1. LADCO 2016 CAMx modeling platform configuration

Science Options

Configuration

Model Codes

CAMxv7.10

Simulation Period

March 2080ctober 31, 2016

Horizontal GridMesh

12km, 396 cos x 246 rows
4 km, 42Ccols x 390 rows
1.33 km, 279 cols x 450 rows

Vertical Grid Mesh

36 layeraup to 50 mb

Grid Interaction

Twoway nested

Initial Conditions

10-day spin up on all grids

Boundary Conditions

12km from hemispheric CMA@.S. EPA 2016ff

Emissions

Baseline Emissions Processing

Sparse Matrix Operator Kernel Emissions
6{ahY9ous 9t! Qa ahi2NJ
Simulator MOVES3014) and Biogenic Emission
Inventory System (BEIS)

Emissions Modeling Platform

U.S. EPA 2016 _16jPlatformwith
ERTAC 18 .betaEGU Point and hourly CEMs

Chemistry
Gas Phase Chemistry CB6b
Aerosol Chemistry CH SOAP

Meteorological Processor

WRFCAMXx_v@.1

Horizontal Diffusion

Spatially varying

Vertical Diffusion

CMAQIike inWRF2CAMXx

Diffusivity Lower Limit

Kz_min=0.1to 1.0%s or 2.0 nd/s

Dry Deposition

Zhang dry deposition scheme (CAMX)

Wet Deposition

CAMxspecific formulation

Gas Phase Chemistry Solver

Euler Backward Iterative (EBiJast Solver

28




LADCO 2015 O3 NAAQS Moderate NAA SIP Attainment Demonstration TSD

Science Options Configuration
VerticalAdvection Scheme Implicit scheme w/ vertical velocity update
(CAMX)
Horizontal Advection Scheme Piecewise Parabolic Method (PPM) scheme
Integration Time Step Wind speed dependent
. CAMXAPCA with region and inventory sector
Source Apportionment tags

50°N

45°N

40°N

35°N

30°N

25°N

120°W 110°W 100°W 90°W 80°W 70°W

Figure3-1. LADCO WRiodeling domairs

3.3.1. Meteorology Data
LADCQ@leveloped2016 WRF data for thiapplication(LADCO, 2032We used version 3.1

of the WRF model, initialized with the kPn North American Model (NAM) from the National
Climatic Data Center (NCDC) to simulate@tgteorology. Complete details of the WRF
simulation,including the input data, physics options, and falimensional data assimilation
(FDDA) configuration are detailed in tbADCeteorology Model Performance for Annual
2016 Simulation reporLADCO, 2022LADCrepared the WRF data for input to CAMstiwi
version 48 of the WRFCAMX software.

3.4. 2016 and 202Emissions Data

LADCO collected 2016 and 2023 emissions data for this study primarily from the U.S. EPA
2016h emissions modeling platform (U.S. EPA, 2021). U.S. EPA and the 2016 Emissions
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Inventory Collaborativégeneratedversion 1 of the 20162016v1) inventoryor use in @
NAAQS and Regional Haze SIRsfirst version of the 2016 inventoriassed 2014 inventory
data; the 2016v1 inventoryully integrated 2016 estimatesf emissions activities, growth and
controls, andhe latest emissions factor§able3-2 lists the 2016 base year inventory
components that LADCO used to simulate 2016 air quality for this application.

LADCO replaced the 2023 EGU emissions in the U.Q0E@Aemissiors modeling
platform with 2023 EGU forecasts estimated with #haegust 2021 version of tiERTAC EGU
Tool version 1@ beta(MARAMA, 2012). LADCO also useersion of the201&h non-EGU
point inventorythat is synchronized with the ERTAC EGU irorgith our 2016 modeling
platform to ensure consistency with the EGU seciidie ERTAC model defines EGUs as power
generating units with Continuous Emissions Monitoring (CEM). The U.S. EPA EGU inventory
encompasseall power generating units, including iastrial facilities such as paper mills and
aluminum foundries. The neBRGU pointnventoryneededto be modified to work with the
ERTAC EGU inventory by including the industrial sources from the U.S EPA EGU point inventory
that are not included in ta ERTAC model.

Figure3-2 through Figure3-7 show 2016 daily total EGU NOx emissions by fuel type for each
of the LADCO states. These figures show that in 2016 the NOx emissions from power generation
in the LADCO region were primarily ited by sources that burn coal, that there is significant
day to day variation in power plant emissions, and that the summer and winter seasons are the
peak periods of EGU NOx emissidwste that vertical axis of these figures \esfrom state to

state.

9 http://views.cira.colostate.edu/wiki/wiki/10202
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Figure3-2. lllinois power generation 2016 daily NOx emissions by fuel type
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Figure3-3. Indiana power generation 2016 daily NOx emissions by fuel type
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Figure3-6. Ohio power generation 2016 daily NOx emissions by fuel type
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Figure3-7. Wisconsin power generation 2016 daily NOx emissions by fuel type

LADCO modified the ERTAC EGP liétainventory forecasts for 2023 to exclude the
emissions fromwo EGU units that announced shutdowns that will occur before 2023. These
announcements came after the ERTAC EGR Hé&aemissions were developed. LADCO zeroed
out the 2023 emissions from these units in our 2di&ed modeling forecasts for 20Zhe two
units removed from the ERTAC EGU 16.2 beta inventory included:

1 ComED Will County, lllinois (ORIS ID: 884)
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1 WEPCO Rock River, Wisconsin (ORH).
SupplementSection S4o this TSDs a table of all of the EGU sources that operated in 2016 but
were removed from the 2023 inventory and LADCO CAMx simulation due to retirement dates
that occurred before the end of 2023.

Table3-2 lists the 2016 base year and 2023 future year inventory components that
LADCO used to simulate 2016 and 2023 air quality for this applicaé@CO processdile
inventoriesinto CAMx binary formatvith SMOKE to estimate hourly emissions on three nested
modeling domains (12/4/1.33 km) for March 20, 2016 through Oct@ieR2016.

Table3-2. LADCO 2016 emissions modeling platform inventory components

Future Year Data

Sector Abbreviation | Base Year Data Sourc
Source

Agriculture ag U.S. EPA 2016fh U.S. EPA 2023fh
Fugitive Dust afdust U.S.EPA 201éh U.S. EPA 2023fh
Airports airports U.S. EPA 2018 U.S. EPA 2023fh
Biogenic BEIS3 U.S. EPA 2016 U.S. EPA 2013fh
C1/C2 Commercial Maringl cmv_clc2 U.S. EPA 20116 U.S. EPA 2023fh
C3 Commercial Marine cmv_c2 U.S. EPA 2016fh U.SEPA 2023fh
Nonpoint nonpt U.S. EPA 2016fh U.S. EPA 2023fh
Offroad Mobile nonroad U.S. EPA 20116 U.S. EPA 2023fh
Nonpoint Oil & Gas np_oilgas U.S. EPA 2016fh U.S. EPA 2023fh
Onroad Mobile onroad U.S. EPA 2016fh U.S. EPA 2023fh
Point Oil & Gas pt_oilgas U.S. EPA 2016fh U.S. EPA 2023fh
Electricity Generation ptertac ERTAC 16.1 ERTAC 1Bmodified

ptnonertac U.S. EPA 2016fh U.S. EPA 2023fh

Industrial Point

modified

Minnesota Taconite

ptmntaconite

Provided by MPCA

Provided by MPCA

Rail rail U.S. EPA 2016fh U.S. EPA 2023fh
Residential Wood rwc U.S. EPA 2016fh U.S. EPA 2023fh
Combustion

Agricultural Fires ptagfire U.S. EPA 2016fh U.S. EPA 2023fh
Wild and Prescribed Fires | ptfire U.S. EPA 2016fh U.S. EPR023fh
Mexico Anthropogenic othar/othpt/ | U.S. EPA 2016fh U.S. EPA 2023fh
Canada Anthropogenic othar/othpt | U.S. EPA 2016fh U.S. EPA 2023fh

3.4.1. Spatial Surrogates and Emissions Grids

[ ' 5/ hQ& wHnamc I ANJ |j deesthred destatanadeling ofids thatfotusioh 2 NI
the Great Lakes regiollVe processed th&016h emissionn the LADCO modeling gridsing

U.S. EPA 1m and 4km spatial surrogates. LADCO used $atial Allocator Surrogate Tool
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with the GIS shapefiles that U.S. EPA used fodfhlem and 4km spatial surrogateso generate
surrogates for the. ADCQ..33km grid. We processed theoint source emissions inventory

modeling filesfor CAMXx

3.5. Source ApportionmetModeling
LADCO used the CAMx Anthropogenic Precursor Culpability AssessmenttQaPIGA)

calculate emissions tracers for identifying upwind sources of ozone precatsdosvnwind
monitoring sites. We used APCA to quantify the impacts of inventorgisect geographic
source regions on ozone concentrations at receptors. LADCO simulated 2016 meteorology and

emissionon the 12km modeling domairfior the APCA simulations used for this application.

3.5.1. 2016 Inventory Sector Source Apportionme@obnfiguration
LADCO used CAMPCAo track the contributions oémissions sources on model€y

concentrationsWe configured the201&h emissions modeling platform to track thefluence of
emissions from key inventory sectors @aconcentrations in the region. We split the nonpoint,
onroad mobile, and offroad mobile (nonroad) into subsectors to better distinguish the sources
of Oz pollution from these sectors. For example, LADCO split the two mobile sectors into diesel
and nondiesel (gasoline, natural gas, and other) to resolve the impacts of diesel andiessi
engines or0Dz in the region.Table3-3 lists theAPCAags used for th&. ABCO2016 CAMx APCA

G a S O sirguldios.
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Table3-3.LADCGi nmc /! aE ! tags! aaSO02NE

Tag | Description Tag| Description
1 Biogenic 12 | OffroadMobile - diesel
2 Agriculture 13 | Offroad Mobileg non-diesel
Nonpoint¢ industrial 14 | Rail
3 combustion
Nonpointg other combustion, 15 | Onroad Mobileg Californiaonly’
including residential wood
4 combustion
5 Nonpoint¢ non-combustion 16 | Commercial Marine (C2/C3)
6 Nonpoint¢ solvents 17 | Point- agricultural fires
7 Nonpointg waste 18 | Point¢ electricity generation
8 Oil and gas 19 | Point¢ wildfires
9 Onroad Mobile- diesel 20 | Pointg non-electricity generation
10 Onroad Mobileg non-diesel 21 | Pointcg airports
11 Canada and Mexico
* Emissions for this sector are for sources in California only and were gedewith the
EMFAC model

3.5.2. 2016 Geographic Source Apportionment Configuration
LADCO used CAMPCA to track the contributions of geographic source regions on modeled

Oz concentrationsFor the 2016APCAsimulation LADCO used the CAMx point source override
option to tagemissions from geographsource groupsEmissions from all sectors, postd
non-point, used the point source override option to better identify the locations of the source
emissions. LADCO prepared the emissions through SMOKE by including state/cousigszatie
geographic tags in each inventory sector processing streamppostithe point source override
option. This option is an improvement over the spatial masks traditionally used to tag emissions
by source region because it does not suffer from the border errors in which a model grid cell can
only be associated with oneeggraphic regionTable3-4 lists theAPCA geographtags used for
the LADCQ016 CAMx simulation.

For the states that have both state and county tags (IL, IN, MJI\V@) the state tag includes
emissions from thareasof the stateoutside ofthe explicitlytagged counties. For example, the
tracer for WI sources @f = 6) includes the emissions frathareas of the state except for the

counties included in Tag® and 21
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Table3-4.[ ! 5/ h wamc /!laE !t/ ! &@38523INI LKA
Tag| Description Tag | Description
14 | West: NM, AZ, CO, UT, WY, MT, ID, WA, OR
1 Biogenic NV, ND, SD
Miscellaneous 15 | Northeast: ME, NH, VT, MA, RI, CT, NY, NJ,
2 DE, MD, DC
IL 16 | Chicago IL Metro Counties: Cook, Du Page,
3 Kane, Lake, Mc Henry, Will,
17 | Chicago IL Exurb Counties: Boone, De Kalb,
IN Ford, Grundy, Iroquois, Kankakee, Kendall, L
Salle, Lee, Livingston, Ogle, Stephenson,
4 Winnebago
18 | East St. Louis IL Counties: Madison, Monroe
M :
5 Clair
19 | Northern IN Counties: De Kalb, Elkhart, Fultg
Wi Jasper, Kosciusko, Lagrange, La Porte, Mars
Newton, Noble, Polaski, St. Joesph, Starke,
6 Steuben, Porter, Lake
MN 20 | Southeast WI Counties: Kenosha, Racine,
7 Milwaukee, Ozaukee, WashingtdWaukesha
21 | Central Coast WI: Kewaunddanitowoc
OH
8 Sheboygan
22 | Detroit Ml Counties: Livingston, Macomb,
MO Monroe, Oakland, St. Claire, Washtenaw,
9 Wayne
10 | KY 23 | Berrien County, Ml
11 | TX 24 | Allegan County, Mi
Southeast: WV, VA, NC, SC, TN,| | 25 | Muskegon County, MI
12 | AL, FL, MS
Great Plains: AR, KS, NE, OK 26 | Cincinnati OH Counties: Butler, Clermont,
13 Hamilton, Warren
27 | Cleveland OH Counties: Cuyahoga, Geauga,
Lake, Lorain, Medina, Portage, Summit

37



LADCO 2015 O3 NAAQS Moderate NAA SIP Attainment Demonstration TSD

3.6. LADCO Modeling Platform Summary

Table3-5 summarizes the LADCO 2016 air quality modeling platform elements.

Table3-5. Listing of the LADCO 2016 air quality modeling platform components

Platform Element Configuration Reference Data source

Meteorology Data WRFv3®.1 LADCO, 2022 | LADCO

Initial and Boundary | 2016Hemispheric CMAQ U.S. EPA, 2019| U.S. EPA

Conditions

2016 Emissions Data Inventory Collaborative Inventory Collaborative
2016v1ERTAC16.1 EGU and ERTAC
Pointand hourly CEMs

2023 Emissions Data| Inventory Collaborative LADCO anBRTAC
2016v1
ERTAC16.1 EGU Point

Emissions Modeling | U.S. EPA 2016fh_16j U.S. EPA

Platform

Photochemical Grid | CAMxv710 Ramboll, 20 | LADCO

Model

3.7. 2016 CAMx Model Performance Evaluatibfethods
LADCGimulated 2016 air quality with CAMx usithgta derived fronthe U.S. EP2016h

emissiongnodeling platformThe CAMx model performance evaluation (MPE) presented here
focuses orOz at surface monitors in theADCGtateswith 2015 Q NAAQS NAAs, including
lllinois (IL), Indiana (INjJichigan (MI), Olo (OH), andVisconsin (WI)These statewill usethe
information in thisTSDas weight of evidence isupportof the moderate ared&NAA SIP$£ADCO
used the Atmospheric Model Evaluation Tool (AMET) versito Jair the model results and
surface obserations in space and time, generateairiate statistics of model performance, and
to produce MPE plots.

LADCO evaluated ti@AMx 201@nodeledOs concentrationsagainst concurrent measured
surfaceambientOs concentrations using graphical displays of model performance and statistical
model performance measure®/e comparedhe statistical measuresgainst established model
performance goals and criter{&mery et al., 2017) arfdllowingthe procedures recomended in
EPA @hotochemical modeling guidance documedSEPA, 208).
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3.7.1. Available Aerometric Data for théodel Evaluation
LADCO usdihe followingroutine air quality measurementatanetworks operating in in

2016to asses€AMx @model performance
EPA AQS Surface Air Quality Dafata files containing hourdgiveraged concentration
measurements at a wide variety of state and EPA monitoring networks are available in
the Air Quality SystemAQ3J database throughout the U.$he AQS consists of many
sites that tend to be mainly located in and near major cities. There are several types of
networks within AQS that measure different species. The standard hourh ARRES
monitoring stationgypically measurénourly G, NG, NGcand CQroncentration and
there are thousands of sites across the UF§jure3-8 shows the locations of AQS

surface monitors in the ADCQegion.

. o ! -
M',r ) , ' , Owen Sound
? %
9 ¢ "
?o?
’ Ma,s!' \ 8 kee Gia _!pujg " SdPia London “
? ? 4 s 0
¢ "9 ¢ g} v Joli
l'., 0‘ A
Desbomes , , @i ) ’
v Q 9 9 )
¢ A 4 g7
\ ' ' In lis \ x&# ,
% % Q

4 Jefz%On ,i’/ ? ! I 2 9 '
Ity ' ' 5 v\‘ prank . \' Char*ston
? ? Y Q 0 ?
S ?
¥ ' ) e 9 .' v = ?

Figure3-8. Locations 6 AQS monitors in the LADCO regior i@onitors are pink and N@
monitors are blue; source: U.S. EPA AirData
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CASTNet Monitoring NetworkThe Clean Air Status and Trends Netw@RE TNt

operates approximately 80 monitoring sites in mainly rural areas across the U.S. CASTNet
sites typically collect hourl@s, temperature, wind speed and directiathe standard

deviation of thke wind direction solar radiation, relative humidity, precipitation and surface
wetness. CASTNet also collects weekly (Tuesday to Tuesday) samples of spegiated PM
sulfate, nitrate, ammonium and other relevant ions and weekly gaseogar&nitric acid

(HNQ). Figure3-9 displays the locations of the approximately 80 CASTNet sites across the
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Figure3-9. Locations of CASTNet monitoring sites; sourcips://www.epa.gov/castnet

3.7.2. Model Performance Statistics, Goals and Criteria
U.S EPA2018)recommendecdh 60 ppb observed §xut-off threshold when calculatingz0
model performance statisticEmery et al., (2017) conducted a metaalysis of 38 peerviewed
articles from 2005 through 2015 on photochemical grid modeling applications to update the MPE
benchmarks fof0; and particulate matter modeling.able3-6 lists their recommended MPE goals
and criteria, and cutoff concentrations. In addition, Emery et al., recommended that MPE statistics

for Oz should be calculated for time periods of roughly 1 wéepisodic) and not to exceed 1 month.
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Table3-6. Ozone model performancbenchmarks by Emery, et al. (2017)
Metric Goal Criteria Cutoff
Normalized Mean Bias (NMB) 40 ppb for thour &, no
5% o 15% cutoff for MDA8 Q
40 ppb for thour G, no
cutoff for MDA8 Q@
Correlation Coefficient (r) > 0.75 >05 No cutoff

Normalized Mean Error (NME] < 15% < 5%

The model performance goalsy US EPA and Emery et ake not used to assign passing or
failing grades to model performance, but rather to help interpret the model performance and
intercompare across locations, species, time periods and model applications. The model inputs to
CAMvary hourly, but tend to represent average conditions that do not account for unusual or
extreme conditionsfFor example, an accident or large event could cause significant increases in
congestion and motor vehicle emissions that are not accounteafitrel average emissions inputs
used in the model.

U.S EPA compiled and interpreted the model performance fronai8gualitymodeling studies
in the peerreviewed literature between 2006 and March 2012 and developed recommendations on
what should be repded in a model performance evaluation (Simehal, 2012).Included in the
most recentEPA guidanc@).S. EPA, 2018hey are usefuhndwere used by LADCO in amodel

performance evaluation:

1 Photochemical modelin§IPE studies should at a minimum report the Mdaas (MB)
and Error (ME or RMSE), and Normalized Mean Bias (NMB) and Error (NME) and/or
Fractional Bias (FB) and Error (FEe NMB and NMEare unboundedon the positive
end (+ @) but bounded at100% for bias and 0% for error, whit&is boundedin 0-200%
and FB idoundedin -200%to +200%

1 The model evaluation statistics should be calculated for the highest temporal resolution

available and for important regulatory averagingés (e.g., daily maximumi&ur Os).
1 Itis important to report processing steps in the model evaluation and how the predicted

and observed data were paired and whether data are spatially/temporally averaged

before the statistics are calculated.
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1 Predictedvalues should be taken from the grid cell that contains the monitoring site,
although bilinear interpolation to the monitoring site point can be used for higher

resolution modeling (< 12 km).

1 Evaluation should be performed for subsets of the data inclydiigh observed
concentrations (e.gQ®z > 60 ppb), by subregions and by season or month.

f Evaluation should include more than judand PM s, such as SONQG and CO.

1 Spatial displays should be used in the model evaluation to evaluate model predictions
away from the monitoring sites. Time series of predicted and observed concentrations at
a monitoring site should also be used.

f Itis necessary to understand measurement artifacts to make meaningful interpretation

of the model performance evaluation.

We ncorporatal the recommendations df).S. EPA (2018hd Emery et al., (201ifjto the
LADCO CAMx model performance evaluation. The LADCO evaluation products include qualitative

and guantitative evaluation faviDA8 @Q with and withouta 60 ppb threshold
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Table3-7. Definition of model performance evaluation statistical measures used to evaluate

CAMX.
StatisticalMeasure Mathematical Expression Notes
Normalized Mean Error (NMB N Reported as %
alr-Qql
i=1
N
ao
i=1
Normalized Mean Bias (NMB| N Reported as %
a (R-0)
i=1
N
ao,
i=1
Correlation Coefficient (r) - B Unitless,m XK NJ K
—Z [(P’ P)X(O’ 0)] r =1 is perfectly correlated
/ 5 (pj_p)z > (q—o)2 r = 0 is totally uncorrelatec

3.7.3. Subregional Evaluation of Model Performance
The evaluation of theADCQ016CAMx simulatiosfocuses on monthly and Oz seasormodel

performance at monitors itL, INMI, OHand WI We also examirgessummer season highsO
episodes irthe 2015 QNAAQS NAAs in the LADCO retpatetermine how well the model

performs on Qexceedance days policy relevantocations.
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4. 2016 and 202EmissionsSummary

In this section we summarize the base and future year emissions modeling results used to
forecastgroundlevel Oz concentrationan 2023. The emissions projections from @@&L6base
year to 2023 are the foundation dfé air quality model forecasts of future year air quality. The
emissions plots and tables in this section illustrate and quantify how the U.S. emissions modeling
community, including LADCO, U.S. EPA, and state air quality planning agencies forecasted air
pollution emissions fothe current round 02015 Q NAAQS attainment demonstrations
As described in Secti¢h4, LADCO based the 2016 and 2@issions data fothis application
on the U.S. EPA 20fhéemissions modeling platform (US EPA,BORADCO replaced the EGU
emissions in the U.S. ERB1&h platform with 2028 EGU forecasts estimated with a modified
version of the ERTAC EGU Tool versioh iéta(MARAMA, 2012)able3-2 lists the 2016 base
year and 2@3future year inventoy components that LADCO used to simulate 2016 an@ 202
air quality for this application.

The following sections summarize the 2016 and®@aissions used by LADCO for
simulatingOsz and Os precursors during these yearBabulated ozone seasont&d emissions by
state, county, and sector for the data used by LADCO for this TSD are includsupytbeting
materials to this TSD

2016 and 2023 State, County, and Sector Emissions Suni¥iz8¥; 41 Mb)

4.1. 2016 Emissions Summary

The tables and figures this section summarize the emissions used in the LADCO 2016
CAMx simulationTable4-1 shows the LADCO sta2816averageOs season larch¢ Octobel
dayemissiongOSDHEjpr CO, NOx, and VA& all sectorsincluding natural sources like

biogenics and firesThecalculationfor average OSDE shownin Equation 41.
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o B B h hh
0) MOH (Equation 41)

WhereE= monthly total emissionsg = state,p = pollutant,m = month,y = inventory sectorn =
number of invemory sectors note that244is the number of days iMarch- October2016

Figure4-1 throughFigure4-9 are tile plots of the 1Z&m, 4-km, and 1.3%m gridded,July
2016total CO,NOx andVVOC surface lay@missions, respectively. TI@&O andNOx plos
illustrates that the highest emissions occur in proximity to urban areas and roadwaygORbe
plot showshigh emissions around urban areas and a diffuse emissions signal from biogenic
sources Table4-2 through Table4-4 show the 201Gverage OSDiar CONOx and VOC
respectivelypy LADCO member state and inventeggctor.

Table4-1. 2016averageozone seasomlay emissiong OSDEDy state (tong day)

State CcoO NOX VOC
lllinois 4,421 1,082 2,703
Indiana 3,578 876 1,789
Michigan 4,123 805 3,152
Minnesota 4,355 652 2,838
Ohio 4,776 946 2,371
Wisconsin 2,636 533 2,399
Grid: 12US2 - Simulation: LADCO_2016vlc
Inventory Sector: mrglow
241 1000.00
217 900.00
st 800.00 155
169 - 700.00
S 600.00
145 o
£ 500.00
121 @
= ) 400.00
- 300.00
73 200.00 T
4g 100.00
25 1 £ S 50.00
- , — ! , , 0.00
1 67 133 189 265 331

Figure4-1. July 2016 total 1zkm gridded CO surface layer emissions (tons/month)
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Grid: 12US2 - Simulation: LADCO_2016vlc
Inventory Sector: mrglow
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Figure4-2. July 2016 total 1&xm gridded NOx surface layer emissions (tons/month)

Grid: 12US2 - Simulation: LADCO_2016vlc
Inventory Sector: mrglow
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Figure4-3. July 2016 total 1xm gridded VOC surface layer emissions @&month)
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Grid: LADCO4 - Simulation: LADCO_2016vlc
Inventory Sector: mrglow
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Figure4-4. July 2016 4«m gridded CO surface layer emissions (tons/month)
Grid: LADCO4 - Simulation: LADCO_2016vlc
Inventory Sector: mrglow
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Figure4-5. July 2016 4«m gridded NOXx surface layer emissiottens/month)
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Grid: LADCO4 - Simulation: LADCO_2016vlc
Inventory Sector: mrglow
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Figure4-6. July 2016 4«m gridded VOC surface layer emissions (tons/month)

Grid: LADCOL - Simulation: LADCO_2016vlc
Inventory Sector: mrglow
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Figure4-7. July 2016 1.3&m gridded CO surface layer emissiofisns/month)
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Grid: LADCOL1 - Simulation: LADCO_2016vlc
Inventory Sector: mrglow
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Figure4-8. July 2016 1.3&m gridded NOx surface layer emissions (tons/month)
Grid: LADCOL - Simulation: LADCO_2016vlc
Inventory Sector: mrglow
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Figure4-9. July 2016 1.3&m gridded VOC surface layer emissions (tons/month)
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Table4-2. 2016 average ozone season day CO emissionaugntory sector(tons/day)

Sector IL IN Ml MN OH Wi
Airports 91 27 44 37 45 25
Biogenic 344 220 391 424 247 313
C1/C2 Commercial Marin 2 1 2 0 1 1
C3 Commercial Marine 0 0 2 0 0 0
Nonpoint 164 112 202 118 265 157
Offroad Mobile 1,379 749 | 1,010 828 | 1,315 730
Nonpoint Oil & Gas 58 14 48 4

Onroad Mobile 1,926 1,624 1,870 1,191 2,253 | 1,020
Point Oil & Gas 7 4 11 1 7 0
Agricultural Fires 1 0 1 6 0 1
Electricity Generation 29 25 30 21 40 27
Wild and Prescribed Fireg 236 141 132 1,091 79 152
Industrial Point 80 543 149 38 360 56
Rail 17 8 2 7 12 5
RWC 87 109 229 591 147 148
Total 4,421 | 3,578 4,123 4,355 | 4,776 | 2,636

*RWC = Radential Wood Combustion

Table4-3. 2016averageozone seasomay NOx emissions binventory sector(tons/ day)

Sector IL IN Ml MN OH Wi
Airports 27 5 10 9 6 3
Biogenic 141 77 51 104 64 59
C1/C2 Commercial Marin 16 4 13 2 7 5
C3 Commercial Marine 0 1 17 2 2 2
Nonpoint 98 24 78 47 72 42
Offroad Mobile 157 116 78 134 130 71
Nonpoint Oil & Gas 39 10 34 4

Onroad Mobile 323 288 270 182 340 221
Point Oil & Gas 24 14 29 8 31 1
Agricultural Fires 0 0 0 0 0 0
Electricity Generation 76 182 100 46 132 41
Wild and Prescribed Fireg 4 2 2 9 1 2
Industrial Point 83 110 107 62 90 55
Rail 91 43 13 38 65 28
RWC 1 1 3 7 2 2
Total 1,082 876 805 652 946 533
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Table4-4. 2016averageozone seasomay VOC emissions byventory sector(tons/ day)

Sector IL IN Ml MN OH WI
Agriculture 21 21 9 39 19 15
Airports 9 2 4 3 3 2
Biogenic 1,689 | 1,118 2,328 2,016 | 1,440 | 1,922
C1/C2 Commercial Marin 1 0 0 0 0 0
C3 Commercial Marine 0 0 1 0 0 0
Nonpoint 372 262 352 184 419 178
Offroad Mobile 106 59 100 94 120 80
Nonpoint Oil & Gas 161 44 62 43

Onroad Mobile 173 150 169 105 205 90
Point Oil & Gas 4 1 4 0 5 1
Agricultural Fires 0 0 0 0 0 0
Electricity Generation 3 3 2 1 3 2
Wild and Prescribed Fires 56 33 31 256 19 36
Industrial Point 88 75 55 44 69 51
Rail 4 2 1 2 3 1
RWC 15 18 35 93 24 22
Total 2,703 | 1,789 3,152 2,838 | 2,371 | 2,399
4.2. 2023,016 Emissions Summary

The tables and figures in this section summarize the emissions used in the LADEO 2016
based 2032 CAMx simulationTable4-5 showsthe LADCO stat2023averageOSDE for CO, NOX,
and VOC for all sectors, including natural sources lb@enics and firesTable4-6 shows the
percent difference in average OSDE between 2023 and 2athk4-7 through Table4-12 Figure
4-10throughFigure4-24 are tile plots of the 1xm, 4km, and 1.3&m gridded, July 2023 total
CONNOx and VOC surface layer emissions, and emissions differences between 2023 and 2016.
The difference plotshow the locations where emissions are projected to change i 202
relative to 2016. The emissions differences indicate widespreddctionsacross thaegion
The largesCO andNOx emissions reductions will occur along roadways and in urban areas;
emissions increases are projected in oil and gas development regions, in Mexico, and in
Canadian offshore sources in the Great Lak€Cemissions reductiosare projected to occur

in urban areasincreasing VOC emissions are expected in oil and gas development areas
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Table4-5. 2023016 averageozoneseasonday emissions (OSDBY state (tong day)

State (6{0) NOXx VOC

lllinois 3,799 798 2,609
Indiana 3,093 590 1,719
Michigan 3,528 578 3,049
Minnesota 3,996 493 2,772
Ohio 4,054 663 2,266
Wisconsin 2,308 367 2,339

Table4-6. 20232016 percent difference in average OSDE by state

State CcoO NOx VOC

lllinois - 14% - 26% -3%
Indiana -14% -33% -4%
Michigan -14% - 28% -3%
Minnesota -8% - 24% -2%
Ohio - 15% - 30% - 4%
Wisconsin -12% -31% -3%
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Grid: 12US2 - Simulation: LADCO_2016vlc_2023
Inventory Sector: mrglow
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Figure4-10. July 2023 total 1zkm gridded CO surface layer emissions (tons/month).

Grid: 12US2 - Difference: 2016_ladco_23v1c-2016_|ladco_vlc
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Figure4-11. Difference (2023016) in July 1km gridded CO surface layemissions
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Grid: 12US2 - Simulation: LADCO_2016vlc_2023
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Figure4-12. July 2023 total 1zkm gridded NOx surface layer emissions (tons/month).

Grid: 12US2 - Difference: 2016_ladco_23v1c-2016_ladco_vlc
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Figure4-13. Difference (20222016) in July 1:km gridded NOx surface layer emissions
(tons/month)
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Figure4-14. July 2023 total 1zkm gridded VOC surface layer emissions (tons/month).
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Figure4-15. Difference (2023016) in July 1km gridded VOC surface layer emissions

(tons/month)
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Grid: LADCO4 - Simulation: LADCO_2016vlc_2023
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Figure4-16. July 2023 total «m gridded CO surface layer emissions (tons/month).
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Figure4-17. Difference (2023016) in July «m gridded CO surface layer emissions
(tons/month)
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Grid: LADCO4 - Simulation: LADCO_2016vlc_2023
Inventory Sector: mrglow
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Figure4-18. July 2023 total 4«m gridded NO»surface layer emissions (tons/month).
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Figure4-19. Difference (2022016) in July 1km gridded NOx surface layer emissions
(tons/month).
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Grid: LADCO4 - Simulation: LADCO_2016vlc_2023
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Figure4-20. July 2023 total «m gridded VOC surface layer emissions (tons/month).
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Figure4-21. Difference (20222016) in July «m gridded VOC surface layer emissions
(tons/month)
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Figure4-22. July 2023 total (left) and difference (202316) [right] in 2km gridded CO surface
layer emissions (tons/month).
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Figure4-23. July 2023 tota(left) and difference (2022016) [right] in1-km gridded NOXx
surface layer emissions (tons/month).
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Grid: LADCO1 - Simulation: LADCO_2016vlc_2023 LADCO1 - Difference: 2016_ladco_23v1c-2016_ladco_vlc
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Figure4-24. July 2023 total (left) andlifference (20232016) [right] in 2km gridded VOC
surface layer emissions (tons/month).

Table4-7 through Table4-12 show the LADCO state ZB2:saverage OSDEONOx and VOC
emissionsand comparethe future and base year OSDE values by state and inventory sector
Negative numbers in these tablaslicate percent emissions reductions in 302lative to 2016.
Comparisons of the EGU and industrial point source emissions changes between 20163&and 202
is confounded by the different methods used by the U.S EPA and ERTAC EGU projection models
for distinguishing EGU from neBGU industrial point sources. ERTAC famcasts emissions
for sources with CEM data while EPA does economic projections of all units that sell power to
the grid including facilities with egeneration units like paper mills arduminum foundries. For
the LADCO modeling that used ERTAC to project power plant emissions, we used theEPA 202

inventory projections for those sources that generate power but do not have CEMs.

LADCO projects that over&@lld NOx, andVOCemissions will decrease in 282elative to
2016 ineachof the LADCO states. Ttwtal NOx reductionsange from-24%to -33%across the
LADCO stateslriven primarily by redumons inEGU pointpnroadmobile,and offroad mobile
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source emissions. We project that thatal VOCemissions reductions witingefrom -2%to -4%
acrosshe LADCO states. These reductionsdiieen by changes to onroad and offroasbbile

sources
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Table4-7. 2023 average ozone season day CO emissions by inventory sector (tons/day)

Sector IL IN M MN OH Wi
Airports 101 26 47 40 45 27
Biogenic 344 220 391 424 247 313
C1/C2 Commercial Marin 2 1 2 0 1 1
C3 Commercial Marine 0 0 2 0 0 0
Nonpoint 163 112 201 119 265 157
Offroad Mobile 1,355 747 975 810 | 1,283 699
Nonpoint Oil & Gas 95 13 43 6

Onroad Mobile 1,339 1,141 1,322 858 | 1,572 723
Point Oil & Gas 9 5 12 1 10 0
Agricultural Fires 1 0 1 6 0 1
Electricity Generation 17 27 22 14 28 27
Wild and Prescribed Fireg 236 141 132 1,091 79 152
Industrial Point 81 545 150 40 362 56
Rail 17 8 2 7 12 5
RWC 81 106 227 586 143 147
Total 3,799 3,093 3,528 3,996 4,054 2,308

Table4-8. Percent difference between base and future year (202316)averageozone season
day CO emissions

Sector IL IN M MN OH Wi
Airports 11% - 3% 7% 6% 0% 6%
Biogenic 0% 0% 0% 0% 0% 0%
C1/C2 Commercial Marin -1% -1% -1% -1% -1% -1%
C3 Commercial Marine 15% 15% 15% 15% 15% 15%
Nonpoint -1% 0% 0% 0% 0% 0%
Offroad Mobile -2% 0% -4% - 2% - 2% -4%
Nonpoint Oil & Gas - 4% - 4% -11% 74%

Onroad Mobile -31% - 30% -29% - 28% - 30% -29%
Point Oil & Gas 25% 36% 1% 0% 32% 41%
Agricultural Fires 0% 0% 0% 0% 0% 0%
Electricity Generation - 43% 6% - 26% - 34% -31% 0%
Wild and Prescribed Fires 0% 0% 0% 0% 0% 0%
Industrial Point 1% 0% 0% 4% 1% 0%
Rail 1% 2% 0% 1% 1% 1%
RWC -7% - 3% -1% -1% - 3% -1%
Total -14% - 14% -14% -8% - 15% -12%
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Table4-9. 2023averageozone seasomay NOx emissions by inventorgectors (tongday)

Sector IL IN M MN OH Wi
Airports 34 6 13 11 7 4
Biogenic 141 77 51 104 64 59
C1/C2 Commercial Marin 11 3 9 2 5 4
C3 Commercial Marine 0 1 19 2 2 2
Nonpoint 94 23 75 47 70 41
Offroad Mobile 99 72 55 90 86 48
Nonpoint Oil & Gas 37 9 30 7

Onroad Mobile 157 140 125 86 157 98
Point Oil & Gas 27 20 31 8 36 2
Agricultural Fires 0 0 0 0 0 0
Electricity Generation 34 88 53 29 83 27
Wild and Prescribed Fireg 4 2 2 9 1 2
Industrial Point 82 112 101 67 87 54
Rail 77 36 11 32 55 24
RWC 1 1 3 7 2 2
Total 798 590 578 493 663 367

Table4-10. Percent difference between base and future year (262316) average ozone
season day NOx emissions

Sector IL IN M MN OH Wi
Airports 24% 19% 25% 17% 13% 27%
Biogenic 0% 0% 0% 0% 0% 0%
C1/C2 Commercial Marin{ - 29% - 29% -29% - 29% - 29% -29%
C3 Commercial Marine 9% 9% 9% 9% 9% 9%
Nonpoint -4% - 2% -4% -1% - 4% -3%
Offroad Mobile -37% - 38% - 29% - 33% -33% -32%
Nonpoint Oil & Gas - 4% - 5% -12% 68%

Onroad Mobile -51% -51% - 54% - 53% - 54% - 56%
Point Oil & Gas 12% 42% 5% - 3% 16% 20%
Agricultural Fires 0% 0% 0% 0% 0% 0%
Electricity Generation - 56% - 52% -47% -37% - 38% - 34%
Wild and Prescribed Fires 0% 0% 0% 0% 0% 0%
Industrial Point -2% 1% -6% 7% -3% -2%
Rail - 15% - 15% -11% -16% -16% -16%
RWC - 3% 1% 3% 2% 2% 3%
Total - 26% - 33% - 28% - 24% - 30% -31%
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Table4-11. 2023 average ozone season day VOC emissions by inventory s€ttossday)

Sector IL IN MI MN OH Wi
Agriculture 23 23 10 42 21 15
Airports 10 2 4 4 3 2
Biogenic 1,689 1,118 2,328 2,016 1,440 1,922
C1/C2 Commercial Marine 1 0 0 0 0 0
C3 Commercial Marine 0 0 1 0 0 0
Nonpoint 377 265 352 188 424 180
OffroadMobile 82 48 70 64 89 54
Nonpoint Oil & Gas 157 44 59 48

Onroad Mobile 102 86 98 61 119 53
Point Oil & Gas 5 1 4 1 7 1
Agricultural Fires 0 0 0 0 0 0
Electricity Generation 2 3 2 1 2 1
Wild and Prescribed Fires 56 33 31 256 19 36
Industrial Point 89 76 54 45 68 52
Rail 3 2 1 1 2 1
RWC 14 18 34 93 24 22
Total 2,609 1,719 3,049 2,772 2,266 2,339

Table4-12. Percent difference between base and future year (202316) averag®zone
season day VOC emissions

Sector 1L IN Ml MN OH Wi
Agriculture 10% 8% 6% 8% 8% 2%
Airports 10% 3% 6% 5% -2% 5%
Biogenic 0% 0% 0% 0% 0% 0%
C1/C2 Commercial Marine -32% -31% -32% -32% -32% -32%
C3 Commercial Marine 15% 15% 15% 15% 15% 15%
Nonpoint 1% 1% 0% 2% 1% 1%
Offroad Mobile - 23% -19% - 29% - 32% - 26% - 32%
Nonpoint Oil & Gas - 2% 0% -5% 12%

Onroad Mobile -41% - 43% - 42% -41% -42% -41%
Point Oil & Gas 40% 50% 6% 10% 56% 45%
Agricultural Fires 0% 0% 0% 0% 0% 0%
ElectricityGeneration - 49% - 8% -1% -27% - 24% - 18%
Wild and Prescribed Fires 0% 0% 0% 0% 0% 0%
Industrial Point 1% 2% 0% 3% -1% 0%
Rail -21% - 20% -13% -22% - 22% -22%
RWC - 4% - 2% - 1% - 1% - 2% -1%
Total - 3% - 4% -3% - 2% - 4% -3%
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4.2.1. LADCQ023 Electricty Generating Unit Emissions
The ERTAC EGU modek developedising EGlactivity pattern matching algorithms

designed to provide hourly EGU emissions data for air quality planning. The original goal of the
model was to create lowost software that air quality planning agencies could use for
developing EGU emissions projecsoistates needed a transparent model that was numerically
stable and did not produce dramatic changes to the emissions forecasts with small changes in
inputs. A key feature of the model includes data transparency; all the inputs to the model are
publicly available. The code is also operationally transparent and includes extensive
documentation, open source code, and a diverse user community to support new users of the
software.

Operation of he ERTAC E®Ghbdel is straightforward given the complexitytbe projection
calculations and inputs. The model imports base ygaMdata from U.S. EPA and sorts the data
from the peak to the lowest generation hour. It applies hgpecific growth rates that include
peak and offpeak rates. The model then balances the system for all units and hours that exceed
physical or regulatory limits. ERTAC EGU applies future year controls to the emissions estimates
and tests for reserve capacity, generates quality assurance reports, andrt®the outputs to
SMOKEeady modeling files.

ERTAC EGU has distinct advantages over &iBGegrowth methodologies becausedan
generatehourly future year estimatethat are key to understanding{&pisodes. The model
does not shutdown or mothball existing units because economics algorithms suggest they are
not economically viable. Additionally, alternate control scenarios are easy to simulate with the
model. In recent years significant effort hasem put into the model to help users to prevent the
generation of new coal plants to fit demand. The maaéws portability of generation to
different fuels like renewables and natural gas to prevent this.

Differences between the U.S. EPA and EREHAIC emissions forecasts arise from alternative
forecast algorithms and from the data used to inform the model predictions. The U.S. EPA based
the EGU emissions forecast in the@d1&h modeling platform on comments from states and
stakeholders regived throughSpring 2020 ERTAC EGU 26etaused CEM data from 2016 and
state-reported changes to EGUs received throudgly 2021 The ERTAC EGUZ2LBetaemissions
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used for this modeling application represedithe best available information on EGUdoasts

for the Midwest and Eastern U.tBat wasavailablein September 2021

4.3. Emissions Summaries by Nonattainment Area

Table4-13 presents average OSDE for CO, NOx, and VOC in 2016 arfdrz&&$ ofthe 2015
Oz NAAQS NAAs in the LADCO region. These emissions include all sotincegpgenic and

natural, in theentirety of thecounties contained in each NAFhe emissions in this table include

the total county emissions and do not reflect partial county totals for those NAAs that have

partialcounty designations.

Table4-13. Average ozone season day emissions by nonattainment area (tons/day)

CoO NOX VOC

State and NAA 2016 | 2023 | 2016 | 2023 | 2016 | 2023
[llinois

Chicago, IL 2,130 1,845 393 283 503 467
Indiana

Chicago, IN 668 635 93 77 72 68
Kentucky

Cincinnati, OKKY 123 108 31 24 55 53
Michigan

Allegan, Ml 59 49 11 8 46 44

Berrien, Ml 69 56 12 8 30 28

Muskegon, Ml 66 54 9 6 40 37
Missouri

St. Louis, MaL 759 650 156 113 340 326
Ohio

Cleveland, OH 892 750 131 91 267 249
Wisconsin

Chicago, WI 43 36 13 6 16 15

Milwaukee/Ozaukee, WI 458 406 82 60 130 123

Sheboygan, WI 41 35 10 5 19 18
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5. Model Performance Evaluation

5.1. WRF 2016 Meteorology Modelingerformance Evaluation
LADCO used the WRF version 3.9.1.1 model (Advanced Research WRF dynamic-core WRF

ARW) to simulate meteorology on-k2n, 4km, and 1.3&km domains focused on the Great
Lakes Basin for the year 2016. The physics options for the LAIREGiWulation were based on
the best performing configuration identified through a collaboration with University of
Wisconsin researchers through a NASA Health and Air Quality (HAQ) prografugasat
project.

LADCO conducted qualitative and quantitatarelysis to assess operational performance of
the 2016 WRF modelingocusof this analysis is on the LADCO region. For tken4lomains,
LADCO evaluatatie WRF performance by state; and for the 1.33 domailBCO evaluatatie
performanceacross all moitors inthe entire domain. LADCO compared modeled surface
pressure, precipitation, and wind vectors against observations by season and for high
concentration ozone episodic events. We also performed a detailed analysis of the model during
lake breeze evds at the shoreline monitors of Lake Michigan and Lake Erie.

LADCO found that the Imn and 4km WRF simulations adequately captured the observed
mesac and synoptiescale processes during higbncentration ozone periods. The LADCO WRF
2016 output fields epresent a reasonable approximation of the actual meteorology that
occurred in 2016While the WRF performance statistics for thekir grid resolution simulation
are within the acceptable performance benchmarks, the simulation has a cold and dry thas in t
summer across much of the Eastern U.S. For tkmAVRF simulatioall the summer season
metrics,except forwind direction error, fall within the simple terrain model performance

benchmarks; the wind direction error falls within the complex terrain benchr(iBakle5-1).
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