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Preamble

This report is intended to document committee work completed by the Ozone Transport Commission

(OTC) and the Midtlantic Northeastern Visibility Union (MANRJ) using a photochemical modeling

platform based on the year 2011. The modeling exercises doctauevithin demonstrate acceptable

performance of the platform as required for State Implementation Plans (SIPs), specifically attainment
demonstrations owed by New Jersey, New York and Connecticut for the 2008 Ozone National Ambient

Air Quality Standard (NAQS) and the 2028 Regional Haze SIPs. Documented exercises are committee
products and are primarily base case runs, with the exception of the MANEoDNtrol case representing

the MANE: !  &! a1 ¢ 'yftSaa 20KSNBAAS AyRpdodepied RS Y2 RSt Ay
conservative assumptions regarding emissions inventories and ozone photochemistry.

This document does not contain every modeling exercise completed by the OTC;\WUAKERd

member states using the OTC/MANE 2011 based modeling platformorSe exploratory screening

analyses, modeling performed outside of committee effpatsd work performed in Maryland using a

GoSaid aO0OASYyOSé LI GF2N)Y FINB y2i AyOfdzZRSR Ay {(KAa
SIP relevant modeling intend ttocument those efforts in their individual SIP supporting

documentation.

This document will be updated as needed to support state SIP submittals in the future.
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Section 1. Introduction

Purpose

The purpose of this report is to technically document thedsiddity modeling efforts undertaken by
OTCand MANEVUfor use in regional ozone and haze planning@r@iNJ Ay Of dzaA 2y Ay I ye@
submittal for either demonstrating ozone attainment or for showing reasonable further progress for

haze.

EPA) a

JdzA Ry OS 2y Yz B tegiohd haFednhllidesirezomMéndaticas for

documentation of the modeling platform that should be included inssitfmissions. EPA recommends
that the following be included in the technical documentation:

eEeege gegegee

€ egege

Overview of the air quayi issue being considered including historical background

List of the planned participants in the analysis and their expected roles

Schedule for completion of key steps in the analysis and final documentation

Description of the conceptual model for thear

Description of periods to be modeled, how they comport with the conceptual model, and why
they are sufficient

Models to be used in the demonstration and why they are appropriate

Description of model inputs and their expected sources (e.g., emissidnsiare

Description of the domain to be modeled (expanse and resolution)

Process for evaluating base year model performance (meteorology, emissions, and air quality)
and demonstrating that the model is an appropriate tool for the intended use

Descriptiorof the future years to be modeled and how projection inputs will be prepared
Description of the attainment test procedures and (if known) planned weight of evidence
Expected diagnostic or supplemental analyses needed to develop weight of evidence analyses
Commitment to specific deliverables fully documenting the completed an@\%iEP2014a)

Document Outline

The remainder of this section will review the items listed above that are not aseldgs other sections
of the document.

T

= =4

= =4 =

Section 4s an assessment of the meteorological model used in the platform in order to
determine if many of the mechanisnfisr predicting ozone formation and regional haze are
fundamentally sound.

Section 3assesses whether an upgrade to a more recent biogenic emissions modelaatedrr
Section 4describes the methods used in processing emissions for use in tige&@ity modeling
platform for the base year.

Section Hescribes the setup of the photochemical model.

Section @assesses the nuel performance for ozone, P4 and regional haze in the base year.
Section Mescribes a methodology for improving performance using nested gridding and
analyzed the results from implementing the methodology.

Section &lescribes the methods used in processing emissions for use in the SIP quality modeling
platform for the future years.

Section Yescribes the development of the emissions inventory for the MANERegional Haze
control case.
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9 Section 1@escribes the method for calculating futureojected ozone design values and
instances where the default method may not be warranted.

1 Section 1Mdescribes the results from future year ozone modeling projections that relied on

CMAQ.

Section 12lescribes the results from future year visibility modeling projections.

Section 13Jlescribes the results from future year ozone modeling projections that relied

CAMx and includes discussion of source apportionment.

1 Section 14escribes the methodology for conducting screening analysis using only ozone
episodes, and evidence for its reasonability.

= =4

History

Clean Air Act

The Clean Air Act was designed to contrppailution in the United States, is administered by the EPA
and its implementing regulations are codified at 40 C.F.R. Subchapter C, Parts 50

The history of national air pollution legislation began with the 1955 Air Pollution Cormur,abut the

first piece of legislation to control air pollution was the Clean Air Act of 1963. The Air Quality Act of 1967
continued the processes of developing legislation to reduce air pollution, but it was in 1970 that the
Clean Air Act in its modernrim was adopted. Amendments were added in 1977 and 1990, which

further expanded the control of emissions.

One of the programs to come out of the 1970 Clean Air Act Amendments was the creation of NAAQS
thresholds of air pollution considered to be the upper limit of healthy air that are based on the best
scientific evidence available that must be met nationé@liean Air Act Amendments of 197INAAQS

were developed for several pollutants, including grodesk! ozone.

The 1970 Clean Air Act also introduced the SIP, which is intended to demonstrate how an area that is
not complying with the NAAQA&ill meet that standard through state programs that become federally
enforceable following approvaf the SIP. The 1990 amendments expanded the requirements for SIPs,
in particular in regards to groudével ozongClean Air Act Amendments of 1990

The 1977 amendments saw the introdigst of provisions to reduce visibility impairment at areas
GSNXYSR a/ftlaa LéE FNBFaAZ gKAOK | NB (Blaad idAEtA O y i
Amendments of 1977 This program was further strengthened in 1990 setting requirements for
regional haze SIPs, including the setting of RPGs.

The following is an overview of some of the more recent NAWQSare applicable to this document, as
well as an overview of the regional haze program.

1997 8hour Ozone NAAQS

In 1997 the primary and secondary NAA@Se set to 0.08 ppm for the three year average of tfe 4
highest 8hour average ozone concentration, which due to rounding conventions is equivalent to 84 ppb
(US EPA997) This standard was revoked asigiil 6, 2015and will no longer be considered in this
document(US EPA 2015a)

1-2
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2008 8hour Ozone NAAQS

In 2008 the primary and secondary NAA@Se set to 0.075 pprfor the three year average of thé"4

highest 8hour average ozone concentration, which is equivalent to 75(h/$EPR008) After some

delays in timeframes outlined in the Clean Air Act, areas were designated for the 2008 NAAQS as seen in
Figurel-1 andTablel-1 (US EPA 2012)

Following the designation of an area as nonamtaént for a criteria pollutant, the Clean Air Act requires
submission of a SIB demonstrate how that area will meet the pollutant standard (NAAQ$he time
period established by the Act. Areas designated as marginalreeqo air quality modelinUS EPA
2015a) One nonattaiment areaBaltimore, MD, was designated moderate, and was expected to
require the submission of an attainment demonstration using photochemical modeling, with the
attainment demonstration being based on 2018 design va{U&EP2012) However, following the

DC Circuit decision in NR&C EPA oBecembe 23, 2014 the attainment deadline was advanced from
December 31, 2018 to July 20, 2018, so that the states now needed to demonstrate attainment using
2017 design valug®C Circuit 2014)

The New York City, NNJCT nonattainment area, which was originally deatgd marginal in 2012 was
reclassified to moderate effective June 3, 2016 given its continued monitoring of nonattaifo®EPA
2016)

2015 8hour Ozone NAAQS

In 2015 the primary andecondary NAAQ®ere set to 0.070 ppm for the three year average of tffe 4
highest 8hour average ozone concentration, which is equivalent to 70(hi$EPR015H. Areas were
designated for the 2015 NAAQS as sedrigurel-2 and Tablel-1 (US EPA 2018)

Tablel-1: Nomattainment areas and classifications in the OTd® 2008 and 2015 Ozone NAAQS

Area Name State No. 2008 NAAQS 2015 NAAQS
Counties | 2012 DVgppm)  Classification 2016 DVs(ppm)  Classificatio
Baltimore, MD MD 6 0.089 Moderate 0.073 Marginal
Greater Connecticut, CT CT 5 0.079 Marginal 0.074 Marginal
NYGN. NJLong Island, N\WJCT CT 3 0.084 Marginal 0.083 Moderate
NJ 12 0.084 Marginal 0.083 Moderate
NY 9 0.084 Marginal 0.083 Moderate
Allentown-BethlehemEaston, PA PA 3 0.076 Marginal n/a
Dukes County, MA MA 1 0.076 Marginal n/a
Jamestown, NY NY 1 0.077 Marginal n/a
Lancaster, PA PA 1 0.077 Marginal n/a
Phila-Wilm.-Atl. City, PANJMD-DE | NJ 9 0.083 Marginal 0.077 Marginal
DE 1 0.083 Marginal 0.077 Marginal
MD 1 0.083 Marginal 0.077 Marginal
PA 5 0.083 Marginal 0.077 Marginal
Pittsburgh-Beaver Valley, PA PA 7 0.080 Marginal n/a
Reading, PA PA 1 0.077 Marginal n/a
Seaford, DE DE 1 0.077 Marginal n/a
Washington, DEMD-VA DC 1 0.081 Marginal 0.072 Marginal
MD 5 0.081 Marginal 0.072 Marginal
VA 9 0.081 Marginal 0.072 Marginal




Figurel-1: 2008 Ozone NAAQS Designations in the OT&igmally  Figurel-2: 2015 Ozone NAAQS Designations in the OTR as origini
designated in 2012 designated in 2016
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Regional Haze

EPA i@gional haze regulations require regional hazes &Me updated for the second planning period

by July 31, 2018. This SIP requires modeling to demonstrate reasonable further progress towards
background visibility conditions at Classdas and to set 2028 RB@sing estimates of visibility

following controls anticipated as the result of the consultation process between the states arsd FLM

CKS O2yiNRBfa ogAff o Steringtaegzind Geened to Belrdadonabldifblland@a 2 v
four-factor analysis. Effective January 10, 2017, the deadline for haze SIP submittals was extended to

July 31, 2021US EPA 201, Mowever MANE/U states have agreed to meet the 2018 deadline in order

to take advantage of the current 2011 modeling platform (which is the subject of this TSD). A list of the

Class | @as in MANE/Uis inTablel-2.

Tablel-2: List of Class | Areas in MANEE (40 CR 81)

State  Area Name Acreage FLM Monitored?

ME Acadia National Park 37,503 NPS Yes
Moosehorn Wilderness Area 7,501 FWS Yes

NH Great Gulf Wilderness Area 5,552 FS Yes
Presidential RangBry River Wilderness Are 20,000 FS No

NJ Brigantine Wilderness Area 6,603 FWS Yes

VT Lye Brook Wilderness 12,430 FS Yes

ME & Roosevelt Campobello International Park 2,721 Chairman, RCIF No

NB, CA Commission

Geographic Definitions

Throughout this document, several geographic definitions will be used that are based on the boundaries
of Regional Planning OrganizatioRP0Os) Tablel-3 shows he RPOs and their member states, though
in some cases figures are limited to what is within the @bGeling domain.
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Tablel-3: List of states in geographic areas based on RPOs

oTC MANEVU SESARM LADCO Cen3RA
Connecticut Connecticut Alabama lllinois Arkansas
District of Columbia District of Columbia Florida Indiana lowa
Delaware Delaware Georgia Michigan Kansas
Massachusetts Massachusetts Kentucky Minnesota Louisiana
Maryland Maryland Mississippi Ohio Missouri
Maine Maine North Carolina Wisconsin Nebraska
New Hampshire New Hampshire South Carolina Oklahoma
New Jersey New Jersey Tennessee Texas
New York New York Virginia

Pennsylvania Pennsylvania West Virginia

Rhode Island Rhode Island

Virginia Vermont

Vermont

Participants

OTCAIr Directors

OTCAIr Directors serve asverseers of the work products developed by the OTC Modeling Committee
TheOTCAIr Directors oversee the designafonecontrol strategies for the OTa&hd make decisions
surrounding modeling of the air quality impacts of policiése Air Directors review all OTC @lRlity
modelingplatform documertiation before it isfinalized The state members of the OTC Modeling
Committee keep Air Directors informed of the developmehthe OTC SIP qualityoakelingplatform.

OTModeling Committee

TheOTModeling Committeenembersserve adirst tier reviewers of the work products developed for

the SIRyuality modeling platformTheOTOModeling Committee approves technical approaches used in
the modeling platform, reviews results, and approves products for reviethidir DirectorsSince
members of the three EP#&gions are members of the OTC Modeling Committee, they provide insights
into any issues that may occur involving the acceptability of the OTC SIP quality modeling platform in a
SIP so thatqblems can be corrected at the regional level.

OTQModeling Planning Group

The OT®lodeling Planning Group is made up of members of the modeling centers and the OTC
Modeling Committee leadership. The workgroup reviews technical decisions to bring recommendations
on approaches to the OTC Modeling Committee.

OTCTechnicaSupport Document Workgroup

The OTA SD Workgroup is responsible for compiling drafts of the technical documentation for review
by the OTC Modeling Planning Group.
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OTQModeling Centers

The OT®lodeling Centes are the state staff and academics that perform modeling and conduct
analyses of modeling results. They include NYSRHEIEPYADEQUMD via MDEand OR@t Rutgers
via NJDEP.

MANEVU Technical Support Coritiee

The MANEYU Technical Support Committeeembersserve adirst tier reviewers of the work products
developed for the Slguality modeling platform with a focus on regional haze iss8eéxe members of

the three EPAegions and the FLMs are members of the TSC, they provide insights into any issues that
may occur involving the acceptability of the C3I€ quality modeling platform in a SIP so that problems
can be corrected at the regional level.

MARAMAEmission Inventory Leads Committee

The MARAMAmission Inventory Leads Committee is made up of state staff that makes technical
recommendations involving theulti-pollutant emissions inventorgnd assurethe inventories.

Schedule

Tablel-4 provides an overview schedule intended as a guideline for finalization of the modeling in the
document, though given that the Séf@ality modeling platform is being used for planning that runs on
different timelines some revisions may occur

Table1-4: Multi-pollutant modeling schedule using 2011 platform

PROCESS POINT TIMEFRAME
2011 Alpha 2 Inventory for Regional Haze June 2015
2011 Base Case Modeling for Regional Haze August 2015
2018/2028Alpha 2 Inventory for Regional Haze December 2015
2011 Base Case Modeling for Ozone June 2016
Draft TSD (excepting Future results) August 2016
2017 Beta Inventory for Ozone August 2016
OTCstakeholder Meeting September 2016
2028 FutureCase Modeling for Regional Haze October 2016
2017 Future Case Modeling for Ozone October 2016
Final TSD {1Revision) November 2016
NYC and Greater CT Attainment Bie(US EP2016a) January 1, 2017
2011 Gamma Inventory and Modeling October 2017
2011 Gamma 2 Inventory and Modeling December 2017
2023 Gamma 2 Inventory and Contributistodeling December 2017
2020 Gamma Inventory and Modeling Early 2018
2028 Gamma Inventory (Base/Control) and Modelin¢ Early 2018
Good Neighbor SIPs Due for 2015 NAAQS October 1, 2018

Serious 2008 NAAQS Bump Up Attainment SIPs Du TBD
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Conceptual Model

Ozone

The interaction of meteorology, chemistry, and topography lead to a complex process of ozone
formation and transport. Ozone episodediie OTRoften begin with an areaf highpressure setting

up over the southeast United States. As the air maresind the area of high pressure in a clockwise
direction, pollution is transported from the Midwest into the OTHhis pollution is a result of power

plants, other stationary sources and mobile sources emissions. This summer tinprdsghre system

can stay in place for days or weeks. This scenario allows for stagnant conditions at the surface in the
OTR to form, and #urn the transported pollution mixes with the local pollution in the late morning

hours as the nocturnal inversidireaks down. With this high pressures system in plaeairmass,

which is characterized by generally sunny and warm conditions, exacerbates ozone concentrations. This
meteorological setup promotes ozone formation, as sunlight, warm temperature®zmme precursors

(NOx and VOCs) interact chemically to form ozone. In addition, ozone precursors and ozone are
transported into the OTR during the lat@ht and or early morning hours from the areas to the

southeast of the OTR by way of the nocturnal low level jet (NLLJ), a fast moving river of air that resides
approximately 1,000 meters above the surface. All this local and transported pollutech air ame
instances accumulate along the coastal OTR areas as the air is kept in plécdayend sea breezes

Some ozone is natural, or transported internationally, leading to ozone that is not considered relatable
to human activity. This US Backgndwzone in the Eastern United States is in the range of 30 to 35 ppb
though it can be as high as 50 ppb in the Intermountain WeStEP2014b)

Another complexity involves the nonlinear relationship betweenBi@ VO@oncentrations and ozone
formation. Areas such as the majority of the landscape in thetdtfhave etensive forests that
produce high levels of isoprene and other VOCs during the summer month achieve the best ozone
reduction through reductions in regional N®ut dense urban areas such as New York City that lack
natural VOC production can be V@gited, and in some cases Nf@ductions increase ozone levels due
to less NQbeing available to destroy already formed ozone through titration.

To address the complexity of ozone formation and transport into the OTR that occurs, the modeling
exercisss Aff 0SS oFaSR 2y GKS 02y OSLJidzZt Y2RSt a RSaoN
Problem in the Ozone Transport Region: A Conceptual Descr{ptiason et al. October 2008%

Visibilty

Under natural atmospheric conditions, the view in the eastern United States veatdthd about 60 to

80 miles, whereas in the western United States this can extend from 110 to 115 kidlks May 1999)
Current visibility conditions result in less distance that can be viewed due &cispf anthropogenic
pollution. However, the current conditions in the Eastern US are remarkably improved from the early
HAnnQa ¢gKSy GKS NBIA2Yylf KIFITS LINRPINFXYY o0S3tyo

Anthropogenic visibility impairment in the eastern United States is largely due forésence of light
absorbing and lighscattering PMof which the impact can be estimated through the IMPROVE
algorithm. This impact is sensitive to the chemical composition of the parittlelved, and also

depends strongly on ambient relative humidity. Secondary particles (e.g., ammonium sulfate,
ammonium nitrate), which form in the atmosphere through chemical reactions, tend to fall within a size
range that is most effective at scattegvisible ligh{NARSTO February 2003 great level of
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complexity occurs when evaluating the conceptual model of ikgs. We will be basing the modeling
SESNODAAS 2y (GKS 02y OSLJidzrf Y2RSft F2dzyR Ay a¢KS
Quality Problems in the MANBJRegion: A Conceptual Descripti@owns et al. 10 August 20 ¢

Base Year Selection

Analyses of monitored data and meteorological dataatoded that fothe OTR2010, 2011 and 2012

are the candidate base years to model for future ozone NABI@®ing and2011 is the best basgear

for future Regional Haze and annid, s NAAQS planningransport patterns of 201bzone events in

the OTR confirnthat using2011 would beappropriate Whenother factorswere consideredncluding
availability of a nationamission inventory,asearch data availabilityanddecisions on base years by
nearbyRP@and EPAnore weightwas giverto using 2011 as a base yeAs a result2011was

determined to bethe best candidate base year ftivis multi-pollutant platform (Ozone, Regional Haze
andPM,s). a2 NB RSOl Afa O y o0 FutFevimelhg RafforniBase Yeag Odzy Sy (i
Determinatiod  LINE R dzO S R -V Bechii¢alSupmdrt IC8Mmitté®ANEVU Technical Support
Committee 9 October 2013)

Future Year Selection

Since a 2018 inventory was ras=l for Baltimore to demonstrate attainment, O@€veloped

inventories for that year. However, following the DC Circuit decision discussed earlier, developing a
2017 inventory became necessary. As such the 2018 inventory was no longedrseean ozone
modeling inventory.

To conserve resources through mggbllutant planning, the region also developed a 2028 inventory
required for the submission of regional hazesSIP

As a result we began our modeling platform using 2848 2028 future years, and later migrated 2018
to 2017.
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Section 2. Evaluation oMeteorologicaModeling using WRF

Overview

The OT®lodeling Committee extracted the meteorological data from BBA H 1 M M
photochemical modeling of the CONUS. That modeling W4RH v.3.4 to deVep

meteorological data. The OTC modeling used only a subset of the EPA modeling domain as
illustrated inFigure2-1 (US EPA 2014)The meteorological data for the OTC domain was
extracted from the EPEONUS domain modeling using M@Re and Pleim 2010)The OTC
retained the same 12 km square grid size and 35 layer column depth as was used by EPA.

Figure2-1: Extent of EPACONUSlomain with the OTRModeling Domainin grey and the OTR states in blue

(-

Parameters

Table2-1 shows the parameters used by WRF v. 3.4 adole2-2 shows more details of the
layers.

Table2-1: Parameters used by WRF v. 3.4

VARIABLE PARAMETER
Horizontal Resolution 36 &12km

Vertical Resolution 35 layers up t&0 mb
Initialization NAM 12km
LandUseData NLCD 2006

Land Surface Model PleimXiu

Planetary Boundary Layer ACM2
Cumulus Parameterization KainFritsch (trigger 2)

Microphysics Morrison 2moment
Radiation RRTMG (LW & SW)
Nudging T, Q and winds aboweBL



Table2-2: Layers used in WRF v 3.4

Layer# SigmaP Pressure (mb) Approximate Height (m AGL)
35 0.00 50.00 17,556
34 0.05 97.50 14,780
33 0.10 145.00 12,822
32 0.15 192.50 11,282
31 0.20 240.00 10,002
30 0.25 287.50 8,901
29 0.30 335.00 7,932
28 0.35 382.50 7,064
27 0.40 430.00 6,275
26 0.45 477.50 5,553
25 0.50 525.00 4,885
24 0.55 572.50 4,264
23 0.60 620.00 3,683
22 0.65 667.50 3,136
21 0.70 715.00 2,619
20 0.74 753.00 2,226
19 0.77 781.50 1,941
18 0.80 810.00 1,665
17 0.82 829.00 1,485
16 0.84 848.00 1,308
15 0.86 867.00 1,134
14 0.88 886.00 964
13 0.90 905.00 797
12 0.91 914.50 714
11 0.92 924.00 632
10 0.93 933.50 551

9 0.94 943.00 470

8 0.95 952.50 390

7 0.96 962.00 311

6 0.97 971.50 232

5 0.98 981.00 154

4 0.99 985.75 115

3 0.99 990.50 77

2 1.00 995.25 38

1 1.00 997.63 19
Assessment

Certain critical parameters of the model were assessed for their ability to characterize actual
conditions occurring ovahe base year. ER#ovides the following guidance concerning
evaluation of meteorological models in section 2.6.3.

While the air quality models used in attainment demonstrations have consistently been
subjected to a rigorous performancesassment, in many cases the meteorological
inputs to these models have received less rigorous evaluation, even though this
component of the modeling is quite complex and has the potential to substantially affect
air quality predictions (Tesche, 2002). EEZommends that air agencies devote
appropriate efforsto the process of evaluating the meteorological inputs to the air
guality model as we believe good meteorological model performance will yield more
confidence in predictions from the guality model. One of the objectives of this
evaluation should be to determine if the meteorological model output fields represent a
reasonable approximation of the actual meteorology that occurred during the modeling
period. Further, because it will renbe possible to exactly simulate the actual
meteorological fields at all points in space/time, a second objective of the evaluation
should be to identify and quantify the existing biases and errors in the meteorological
predictions in order to allow f@a downstream assessment of how the air quality
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modeling results are affected by issues associated with the meteorological data. To
address both objectives, it will be necessary to complete both an operational evaluation
(i.e., quantitative, statistical, ahgraphical comparisons) as well as a more
phenomenological assessment (i.e., generally qualitative comparisons of observed
features vs. their depiction in the model data).

For our assessment, 2011 WiRbdeled data were compared to data fibre year. For several
factorswereliedonERAa 2 gy | AaSaayYSydas gKAES t221Ay3 Y2NEF
We also expandedon ERA g2 NJ o0& f 2 2 {nogeRd temperaivk Sixidgl @ & 2 wC

ratio, and the PBheight. Details of the assessment follow.

Model Performance Analyzed by EPA

Wind Speed

EPAfound that WRR. 3.4 slightly ovepredicts wind speed in the Easternité States with

the bias being highest during the midday hours. EPA also found that the error in wind
displacement tends to be about 5 km, which, being less than the size of a grid cell, should be
negligible in affecting position of air masses temporalig spatiallyEyth and Vukovich 2015)

Precipitation comparison

EPAound thatWRFv. 3.4 performs adequately in terms of spatial pattercognitionand
predicting the amounbf precipitation throughout the yeawhen compared to the PRISM
climate data. The results compared walthe OTRincluding the forecast of a high band of
coastal precipitation that occurred during the month of August, although the precipitation in
March and September appears to be respectively overestimated and underestimated
throughout the OTRUS EPA 2014)

Solar Radiation

Photosyntheticallyactivated radiation is important in estimating isoprene, which plays an
important role in the formation of ozone and secondary organic aerosols in the heavily forested
OTRCarlton and Baker 2011 EPAevaluated theperformanceof solar radiation using

SURFRAD and ISIS network monitors and found little bias during the fall and winter months, but
ANRPGAYI O0AlL A& RdAdINAYy3I GKS ALINAY3I GgAGK- F LISI] Ay (°F
predictions temis to be less than 100 W/on average, with a median bias close to zgJi§ EPA
2014yp¢  aldowe@ds to ovepredict from about 7 AM to Noon, while underedicting from
1PMto5PM! RRAGA 2y f f & adiftion perfarinande ®\Rlualick Blsb gidedlan
indirect asessment of how well the model captures cldodmation during daylight hougsso

cloud cover would be expected to be ungmedicted in the morning and ovearedicted in the

late afternoon.

Model Performance Analyzed by OTC

Temperature andVixing Ratio

NYSDEEbnducted the review of temperature and mixing ratios for the ®ddeling
Committee. NYSDEC relied on RTa®mponent of the NW3nalysis of Record projeahd
produced byNOAANCEP



RTMAprovides &high-spatial and temporal resolution analysis/assimilation system for-near
surface weather conditiond®RTMAproduces hourly analyses at 5 km and 2.5dad resolution
for the CONUS NDFD grithe paramegrs in RTMA includeressure heighind air pressure at
the surface, air temperatre, dew point temperatureand specific humidityat 2m,U- and \
componentsof wind momentumat 10m,along withcloud cover and precipitation.
Observational data from thRTMA 2.5
(http://www.nco.ncep.noaa.gov/pmb/products/rima/#RTMA2pEs used in thigvduation and
interpolated tothe 12km WRIgrid.

NYSDEEompared the modeledlVRRemperature and mixing ratio values with the real world
data from RTMA NYSDEC found that Wi peraturehada low biasin winter monttrs anda
highbiasin summer montls Figure2-2) and theWRF mixing ratibad ahighbiasin winter
monthsanda low biasn summer montls Figure2-3). When NYSDEC examined the absolute
error, they found that WRF had a low absolute error for temperature and a large absolute error
for mixing ratios in th summer Figure2-4 andHgure2-5). Additionally, everal low correlation
coefficienswere observedn July and Augusin grid cells along the coastlingigure2-6 and

Figue 2-7).

NYSDE@ext compared the diurnal modeled WRimperature and mixing ratio values during

the months of February (winter) and August (summer). In February WRF temperature bias was
minimal at all times of dayF{gure2-8) and the mixing ratio was biased high throughout the 24
hours Figure2-9). In August WRF temperature bias was high in tbening hours and low in

the afternoon Figure2-10). Mixing ratiofor Augustwas biased low in the eveningi§ure2-11).

In February the temperature mean absolute error varied between and 1 arfiF Fgure2-12).

The mean absolute error fahe mixing ratioin Februarywashighestin the evening with

means around 5 g/kd~{gure2-13). In August the temperature mean absolute error was
typically around PF at all times of the day{gure2-14) and wadighestin the evening, buhad

a meanabsolute error for the mixing rations that wakser to 1.5 g/kgRigure2-15).

Correlation coefficients were much closer to 1 in Febrdaryoth temperature and mixing

ratio than in August, when in some cases during the early evening hours zero correlation was
found (Figure2-16-Figure2-19).
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Figure2-2: Monthly average Bas(RMTAC WRH for Temp?

Figure2-3: Monthly average Bas(RMTAC WRH for Mixing Ratid
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Figure2-8: Diurnal BIAS (RMTAWRP for temp. in Feb® Figure2-9: Diurnal BIAS (RMTAWRF for mixing ratio in Fet

February 2011 x10° February, 2011
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Figure2-14: Diurnal absolute error fotemp. in Aug?*
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Planetary Boundary Layer
The CALIPSgatelite began operation in 2006 witihree instuments, the Cloudherosol Lidar

with Orthogonal Polarization (CALIOP), the Imaging Infrared Radiometer (lIR), and the Wide

Field Camera (WFC). Its repetition cycle is 16 dayd.IOP is a twwavelergth polarization
sensitive Lidaf532 nm and 1064 nm)At 532 nm, it has horizontal drvertical resolutions of

333 m and 30 m (up to 8 km), respectivelyhe CALIPSO aerosol layer proguovides data for

PBLheight covering vast areas on a regular basis.
The NYSDHierived PBlheight fromthe CALIPSCevellB-attenuated aerosol backscatter

profile using the wavelet transform technique, which assumes a structure from the backscatter
profile at the height of thair columnwhere the scattering has a strong increase jusiemhe
PBL and a strong negative gradient of the backscaftbey aeragel the raw signal over 40km
to improve signato-noiseratio, and dscarced low-cloud data. Then they extracted angefined

the CALIPSO Lexherosollayertop in the lower atmoghere for PBlheightby choosing:

1.

1Y

X -20, vtblerejécting

3.
4. the layer with cloueaerosoldiscrimination score-m 5 n
clouds an low-confidence feature layers; and
5. only daytime datato avoid detectbn of nighttime residual layers
Figure2-20: Seasonal Frequency of CALIFERheight
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Figure 220 showed the frequency distribution of CALIF®&)Yheight. The PBL is, on average,
lower during the winter at 50Q 1000 meterrangeand highest during the summer at 1500
2000 meter range. WRhderestimated daytime PBL height compared to IRADparticularly
over waterand more so during the summefigure2-21 and Figure2-22). WRAPBL kight
showed significantly larger landater contast than the CALIPSO data, with the
underestimation beindarger in summer than in wintgfFigure2-23 - Figure2-26).

Figure2-21: CALIPS@ WRHPBLheight ratio) Winter (D/J/F)  Figure2-22 CALIPS@® WRHPBLheight ratio) Summer (J/J/A)
2011(blue and red dots over land and water 2011 (blue and red dots over land and veat
respectively) respectively)
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Figure2-23: CALIPS@® WRHPBLheight ratio) Winter (D/J/F)  Figure2-24: CALIPS@ WRHFPBLheight ratio) Summer (J/J/A)
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Figure2-25: CALIPS@® WRHPBLheight ratio) Spring (M/A/M)  Figure2-26: CALIPS® WRHPBLheight ratio) Fall (S/O/N)
2011 2011
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One area of uncertainty involves Piight estimates over bodies of water. CALIRI&@ lacks
the information necessary to properly evaluate PBL over water.

Summary

EPAhas developed a significant look at the VWRE-4 model runs that OTBANEVUis

employing in its modeling platform and they have found the model to be quite acceptable for

dzaS Ay OGKSANI Yyl GAZ2YyIFf NBIdzZA Fi2NE LINRPOSaasSao h¢/
v.3.4 modeled the Eastern UBpmopriately with regards to the factors EPA analyzed. NYSDEC

went further to examine how WRF v.3.4 modeled temperature, mixing ratios, and PBL

compared to monitored data and also found the results to be reasonable apmatinns. The

RFGlI LINBaSydiSR Ay 9t! Qd R20dzySyidladAz2y |a ¢Sttt |
needing further scrutiny (e.g., PBL height over bodies of water). OTC Modeling Committee

expects that the 12 km WRF v.3.4 model results will leagtientifically sound air quality

modeling.

Y
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Section 3. Evaluation of Biogenic Model Versions

Overview

The modeling platform made available by E/46.2, elied onBEIS v. 3.6 for biogenic emissi¢Bgth

and Vukovich 2015, p.2More recenthBEIS v. 3.6.1 was produced which came with more recent land
use data which was expected to lead to more accurate results. eQiects that in future modeling EPA
will upgrade to the more recent version of BEIS, but since that has not getred OTC determined

that a brief evaluation of BEIS v. 3.6.1 was warranted.

Assessment

NYSDEE€bnducted an evaluation of two versions (3.6 and 3.6f1he biogenic model BEiSorder to
determine which version produdamore accuratébase year modelingesults. The major dérence
between the two versiogsof BEIS ithe landuse dataeemployed by the model: \3.6 uses NCLEZD06

and v3.6.1 uses NCLD 2Q1http://www.mrlc.gov/). The land use data in v. 3.6.1 shows much higher
levels of isoprene than v. 3(Bash, Baker and Beaver 201%)was expected that v. 3.6.1 would

produce the more accurate results given that it marccurately reflects the state of land use in the base
year and also due to the improvements in isoprene production in the newer version.

In order to test the accuracy of the two biogenic model versions, two base year photochemical modeling
runs were conpleted usingCMAQ. The details on how CMAQ was configured for these model runs are
in a later section (seBection . The model runs were completed using the 2011 Alpha 2 inventory (see
Section 3.

Overall the difference between using v. 3.6.1 and vdiiéhot change the overall bias and error in the
modeled results in the OT& seen iFigure3-1 (MFB, Figure3-2 (MFB, andFigure3-3 (MAGH, but
the improvements in the response at the high ozone monitors warrant upgrading tosBEBS].

Figure3-1: MFE% for OTRnonitors for CMAQmodel runs Figure3-2: MFB% forOTRmonitors for CMAQmodel runs
conducted using BEIE61 (left axis) and BEIS 3.6 (bottom axis) conducted using BEI&61 (left axis) and BEIS 3.6 (bottom axis)
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Figure3-3: MAGEppb) for OTRmonitors for CMAQmodel runs
conducted using BEI&61 (left axis) and BEIS 3.6 (bottom axis)
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In order to test the impact of design value projections between the two biogenic model versions, two
future year photochemical modeling runs were completed using CMAlG@ details on how CMAQ was
configured for these model runs are in a later section Seetion $. The model runs were completed
using the 2018 Alpha 2 inventory (s8ection §.

NYSDEfund that using BEN 3.6.1 resulted in a greater response to reductions i &@any higher
valued montors as seen iifable3-1. One exception to this rule was Sherwood Island, CT (Monitor ID
#090019003), which saw increases in 0zone in both photochemical model runs.

Four monitors, including Sherwood Island, sawchange in projected ozone when v. 3.6.1 was used,
and this is likely due to their proximity to the lamdater interface. The highest value in the 9x9 grid
surrounding the monitor is used in calculating the projected ozone at a monitor. The highest aglue
the nearby grid cells to these monitors are likely over water, which means those grid cells, are not
impacted by changes in biogenic emissions. As a result we would expect to see little to no change in
projected ozone at monitors near to the lamehter interface. More details on the issues surrounding
projected ozone calculations for monitors near the lamater interface are irsection 10

Table3-1: Modeled 2018 DVFs for 12 high ozone monitors in the @@Rparing BEIS. 3.6 and BEIS v. 3.6.1

AQSCode  Site DVvC2011 DVFBEIS/. 3.6 DVFBEIS/.3.6.1
090019003 Sherwood Island 83.7 84 84
240251001 Edgewood 90 82 81
361030002 Babylon 83.3 82 77
090010017 Greenwich Point Park 80.3 80 77
090013007 Fairfield 84.3 78 78
360810124 Queens College 78 78 74
361192004 White Plains 75.3 78 74
090099002 Hammonasset State Park 85.7 77 77
360850067 Susan WagnefS 81.3 77 77
340150002 Clarksboro 84.3 75 75
360050133 Pfizer Lab Site 74 75 72
421010024 North East Airport (NEA) 83.3 75 74
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Due to the increasedccuracy associated with BEIS v. 3.6.1, this version was used in the OTG/MANE
modeling.

References
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Section 4. Emissions Inventories and Processing for 2011 12km Base Year
Simulation

Overviews

ERTAC EGU

The majority of the tools that OTC/MANRJ are currently using to develop emissions inventories have

already become standards in the field including MOVES for dreoassions, NONROAD for nonroad
SYyrAaairzyazr 9t! Qa w2/ (G22f FT2NJ NSaARSyidAlfor 622R 02
growinginventories forother sectors. However, the ERTAC EGU projection tool is not as well known.

The ERTAC EGU toaktbeen developed through the ERTAC collaborative process for use in projecting

future year EGU emissionblowever, some unitare partial year reporters odo not hawe to report SQ

emissions to CAMBue to only being in th&lO Budget Trading ProgranTo resolve these issues the

ERTAC EGU grorgn ERTAC EGU projecting the CAMD data to the base year with no grbisttun,

Ot tSR .1aS ,SINIO9ljdzZt £ & CdzidzNB |, SFNJ2NJ &a. , I'C, £€3 |
smoothing out erratic data #i is often created when missing data are replaced with maximum

possible valuegMcDillet al. 2015)

Alpha

The Alpha version of the inventory was used to generate CkéaQy emissions for initial modeling.

9t ! Qa Hnmm SYA&aaA2ya RIGEFE FNRY ySIENIe SOSNER asSoiz
processing since these data weretadtered in any way. The inventories were based on v. 6.2 of the

9t! Y2RStAy3 AyOSyi2NE o6Ffaz OFrffSR Od aSKEXZ GKAO
processed through SMOKE v. 3.&4th etal. 2015) Although OTC/MANEU did not process most of

the emissions using SMOKE, the SMOKE input files are available on the MARAMA EMF system.

The exceptions that NYSDEC did process using SMOKE are the ERTAC EGU, Small EGGland Non
Point sectos. ERTAC v. 2.3 was used in the Alpha inventory. These were all processed using SMOKE v.
3.6.

Alpha 2

The Alpha 2 version of the inventory was primarily done to correct the C3 Marine sector to rectify

double counting that occurred in the inventories dse the Alpha inventoryMcDill et al. 2015) In

addition, a few other minor correiins were made. This was originally intended to be used in 2018
wSAA2y It 1+FTS {Ltax odzi aA3ayAFTFAOLY(d AYLNROSYSyia
2011 emissions data from nearly every sector were included directly into CMAQ without SMOKE

processing since these data were not altered in any way. EPA had processed their inventories using
SMOKE v. 3.5(Eyth et al. 2015)

Beta/Beta 2

The Beta 2 version of the inventory is intended to kediin 2008 Ozone SIPs. For the base year there

are no differences between Beta and Beta 2, they exist only in the future year work. The Beta 2

inventory uses some of theamefiles used in Alpha and Alpha 2 inventories that were provided by EPA,

butitk £ a2 NBtASa 2y FAfSa GKIFG ¢SNB dzZARIFGSR Ay 9t! Qa3
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al!w!a!s gKAOK AyOfdzRRSa aidliasSaqQ FSSRol O1 @ ¢tKS asSo
required SMOKE processing using v. 3.7, and in the case of onotelé minning SMOKEIOVES v. 3.7.

ERTAC v. 2.3 was upgraded to v. 2.5 for the Beta/Beta 2 inventory, which includes updated stack

parameters and the addition of $@missions for NQonly reporters. Full descriptions of where each

inventory sector was teen from are shown ifable4-1. The following sectors were reprocessed

through SMOKE for the Beta/Beta 2 inventory:

Agriculture

ERTAC EGU

Ethanol

NonEGU Point
NonERTAC IPM EGUs
Non-point Source
Nonroad

Point Oil & Gas

. Refueling

0. Residential Wood Combustion
1. Wild Fires

RBPOXXNOOA~MWONE

Gamma

The Gamma version of the inventory is intended to be used as the base year inventory for Regional Haze
SIPs and any attainment demonstratfoneeded for areas that are reclassified to serious for the 2008

Ozone NAAQS. The Gamma inventory is based on files developed by MARAMA, the ERTAC EGU
Workgroup, and EPA. Details on how the sectors that were updated for the Gamma inventory by

MARAMA wee developed are available in a separate T®8EDIll et al. 2018) Files taken from EPA
primarilyusethed St ¢ @GSNBRA2Y 2F 9t! Ua AYy@SYyiuz2NESX gKAOK AyO
and MARAMAEyth et al. 2015However, improvements found in the oil & gas, marine and nonroad

AY @Sy 2 NA Sere ifElNIRAUS EFAV2@17)Full descriptions of where each inventory sector

was taken from are shown ifiable4-1. Sectors taken from EPA inventories needed to bgridded in

order to match the size of the OTC domain.

Table4-1: Inventories used at each stage of OTC 2011 base year modeling

SECTOR Alpha/Alpha 2 BetaBeta2 Gamma
Agricultural Fugitive Dust | EPA/6.2 eh EPA/6.2 eh EPA/6.2 eh
Agricultural EPA/6.2 eh EPA/6.3 ek EPA/6.3 ek
Agricultural Fire EPA/6.2 eh EPA/6.3 ek EPA/6.3 ek
Biogenics EPA/6.2 eh EPA/6.3 ek EPA/6.3 ek
CLC2 Marine EPA/6.2 eh EPA/6.2 eh EPA/6.3 en
C3 Marine EPA6.2eh (), EPA6.3ej(l 2) EPA6.3ek EPA6.3en
ERTAEGU ERTA®2.3 ERTA@2.5L ERTA@2.5L
Ethanol MARAMA a! w! al! MARAMA
Non-EGU Point MARAMA MARAMA MARAMA!
Point source offsets for DE| n/a MARAMA MARAMA!
Non-ERTAC IPM EGUs MARAMA MARAMA MARAMA
Non-Point MARAMA MARAMA MARAMA!
Non-point Oil & Gas EPA/6.2 eh MARAMA MARAMA!
Nonroad EPA/6.2 eh EPA/6.3 ek EPA/6.3 en
Onroad EPA/6.2 eh EPA/6.3 ek EPA/6.3 el
Point Oil &Gas EPA/6.2 eh EPA/6.3 ek EPA/6.3 en
PrescribedWild Fires EPA/6.2 eh EPA/6.2 eh EPA/6.2 eh
Rail EPAV6.2 eh EPA6.3ek EPA/6.3 ek
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SECTOR Alpha/Alpha 2 BetaBeta2 Gamma

Refueling | MARAMAD a! w! a! MARAMA
RWC | EPAB.2 eh EPA6.3 ek EPA/6.3 ek
Canadian | EPA/6.2 eh EPA/6.3 ek EPA/6.3 el

Emission Inventory Sectors

This section lists the emission inventory sectors with a brief description of the sector. A full list of all of
the filesused is in Appendix B.

Agricultural

NH; emissions, at the county and annual resolution, from nonpoint livestock and from fertilizer
application.

Agricultural Fugitive Dust

PMyandPM, s at the county and annual resolutidrom nonpoint fugitive dust sotces including
building construction, road construction, agricultural dustd road dust.

Agricultural Fires
Point sourcedaily firesfrom agricultural burningomputed usingMARTFIREZ2.

Biogenic Emissions

Non-anthropogenic emissions at the grid cafid hourly resolution, including emissions fr@anada
generated with theBEIS. 3.61.

C1/C2 Marine and Rall

Locomotives and category 1 (C1) and category 2 (C2) commercial marine vessel emissions at the county
and annual resolution. This categ@igo includes some Category 3 emissions that were estimated by
state agencies. Where these overlapped with the International Marine Organization (IMO) Category 3
sector described in the following section, the IMO Category 3 emissions were deleted talaubld

counting.

C3 Maring(IMO)

IMO Category 3 (C3) commercial marine vessel emissions at annual reseintiba Alpha inventory
distributed throughout the Atlantic Ocean, and in the Alpha 2 and Beta inventories distributed to
shipping lanes.

ERTA EGUs

All EGUs that are projected through the ERTAC projection tool, at the point and hourly resolution. These
EGUs are from the universe of units with CEMS that are tracked by CAMD (though several units that

meet that description are removed atstat8lj dzZSa o yR 6SNB Y240 SydaANBt
projected by IPM.
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Ethanol
Point sources that produce ethanol fuel.

Non-EGU Point
All point emissions at the point and annual resolution, not included in other files. Some units were

removedF N2Y 9t ! Q& LINBLI NBR FTAfS aAyO0S (KSe& 6SNB AyOf.

sources were determined to be peaking EGUs and temporalized using an hourly emission file.

Non-ERTAC IPM EGUs

All units,at the point and annual resolution pyected by EPA using IPM that were not projected using
ERTAC and were also not included in the-E@U point sector, In the Beta inventory some sources
were confirmed to be peaking EGUs and temporalized using an hourly emission file.

Non-point

All nonpont emissions, at the county and annual resolution, which were not included in other files.
Agricultural burning and portable fuel container emissions are merged into this sector.

Non-point Oil &Gas
Nonpointemissions from the oil and gas sector at the miyuand annual resolution.

Nonroad

Mobile emissionsat the county and monthly resolution, processed using NONROAD 2008 from vehicles
and equipment that are not included in other files.

Onroad

Mobile emissions, at the grid cell and hourly resolutionpfronroad vehicles processed using MOVES
and SMOKBIOVES. The MOVES emission factors used for the Alpha and Alpha 2 inventories were
produced using MOVES2014 and the emissions factors used for Beta were produced using
MOVES2014a.

Point Oil & Gas
Pointemissions from the oil and gas sector at the point and annual resolution.

Prescribed Burn
Point sourcedaily prescribedirescomputed usinggMARTFIREZ2.

Refueling
Nonpoint source emissions from gas station refueling.

Residential Wood Combustion
Nonpointemissions from residential wood combustion at the county and annual resolution.

Wild Fires
Point sourcedailywildfirescomputed usingMARTFIRE2.
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Speciation

The speciationandcrod¢B F SNBy OS FTAf Sa 6SNB (I 1Sy FNRBRY 9t! Qa H
'f LIKF FyR .SGF Y2RStftAy3 YR 9t! Qa Hnmm @ cdo Y2R
based on the SPECIATE 4.4 datalfabeAssociates 19 February 2014thEst al. 2015; US EPA 2017)

Spatial Allocation

The spatial surrogates for the 12 km domain for both the United States and Canada were extracted from
GKS yIFGA2y It IANAR MH 1Y ! o{ & 3INBRRote/ig platfdadd®2 3 § S &
the Alpha and Beta modeling and the v. 6.3 modeling platform for the Gamma modélieman 1

July 2015; Eyth et al. 2015; US EPA 2017)

Temporal Allocation

Ly Y2ad OFraSa SyraaaAirzya T2N) GKS aSOG2NAR gSNB | ff2
2011 v. 6.2 modeling platfor for the Alpha and Beta modeling and in the v. 6.3 modeling platform for

the Gamma modelin@Eyth et al. 2015) Exceptions to this are ERTAC EGU in Alpha, Beta, and Gamma,
andNon-ERTAC IPM EGarsl Nom-EGU Point in Beta and Gamma.

In the case of ERTAC EGU, the ERTAC code produces hourly EGU emissions that are grounded in the base
year CEMS data. As mentioned eatrlier, the hourly results were developed using ERTAC EGU to create

the BY=FY run. V. 1.06flthe ERTAC EGU code was used in all inventories. The input files were from

ERTAC EGU v. 2.3 for the Alpha and Alpha 2 inventories, and from ERTAC EGlthe Béta

inventory. In all cases they were pgsbcessed using v. 1.02 of the ERTAEMOXE conversiotool.

Given the fine level of detail that ERTAC EGU produces, the hourly ERTAC EGU results are used to
temporalize EGUs in the modeling platform. In order to include the temporalization during SMOKE
processing, hourly ff10 filegere produed by the ERTAC to SMQi€St processor in addition to the

annual ff10 files.

In the case of NolERTAC IPM EGUs and MU Point, some of the units werenfirmed to be EGUs

<25 MW (Small EGUs) through an MDE research project as outlined in Appenthie A of

temporalization documentatiofOzone Transport Commission 10 November 20T&)eunits were

expected to be EGUs based on their SCC and NAICS, and further refinement to the list of EGUs occurred
through a state comment period. These units still function as EGUSs, but produce too small an amount of
power and emissions to be required teport hourly emissions to CAMD and thus are not temporalized
through the ERTAC EGU proced®E has developed a temporalization profile using hourly data from
units that burn the same primary fuel and do report to CAMIe EMF toolvas usedo create houly

profiles for these unitso that they operate during times when electricity demand is highest rather than

at a steady rate throughout the yeaAn example of a gas fired Small EGU in MD is shokigune4-1

and details on the profiles employed are in Appendix C of the documentation developed b{Odarie
Transport Commission 10 November 2Q1Bxample®f the change in daily emissions that result from

the application of the temporal profiles on three HEDDs in 2011 afale4-2.

In order to develop the hourly ff10 files for the Small EGUs to process in SMOKE a multistep process was
implemented. First, default temporal profiles were developed using SMORIEH and TPRO) and they

were then imported into EMF. Next, hourly ff10 files were produced in EMF using the imported profiles.
MDE in conjunction with UMD completed this work.
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It should be noted that EPA did undertake an approach to temporalizing som€AMD EGUs in the
2011 v. 6.2 platform usinaverage fuebpecific seasotn-month factors for each of the 64 IPM regions
(Eyth et al. 2015)OTC decided our approach was an improvement because it contained a more
expansive list of sources that should be temporalized that was confirmed by individual states.

Table4-2: Change ilNOx emissiors (tons)on selected episode days in July 2011 as the result of Small EGU temporalization

July 20 July 21 July 22
MANEVU | 25 41 48
LADCO 211 230 186
SESARM | 20 23 19
CENSARA | 83 42 38

Figure4-1: Comparison of temporalization of SMOKE defaults, MAXE gas temporal profile, and operational data from a typical gas fired

Small EGU in MD
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SMOKE Processed Emission Results
In order toquality assure that the outputs from SMOKE were properly distributed geographically and to

develop a better understan

ding of the geographical and temporalization of emissions, we looked at daily

emissions on a typical summer day (June 24, 2011) and damingone event (July 22, 2011). We
looked at NQ@ VOC (with and without biogenic emissions) and@fdded emissions. Urban areas,

interstates in rural areas, a

nd shipping lanes are clearly distinguishable in the mapgerhid§lons
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(Figure4-2). There are minor differences at this scale on a peak day where one can notice increases in
some grid cells during the ozone evehigure4-3). On a typical summer day, VOC emissions are higher
as one looks further south, which is expected given the greater biogenic emissions, found in the
southern forestsKigure4-4). It is quite noticeable how much VOC emissions increase on an-ozone
conducive day throughout the modeling domakidgure4-5). When biogenic emissions are removed

from the mapping there is little difference between a typical summer day and an ozone event, but one
can clearly distinguish urban cores where the majority of anthropogenic Ve@@saatuced Figure4-6
andFigure4-7). One can see the importance of posaurces in terms of S@missions and very minor
increases throughout the modeling domain during an ozone evEgtife4-8 and Figure4-9).

Additionally, summary tables of emissions by RPO, sector, and pollutant were outputted from SMOKE
processing. States in an RPO that are fully within the modeling domain are summed sepamately f
states in an RPO outside of the modeling domain due to emission summaries not being available for
states partially in the domain for many future years. These results are aggregated for the 2011 Alpha 2
inventory inTable4-3, the Beta inventory iffable4-4, and the Gamma inventory ifable4-5.

Figure4-2: MARAMA Alpha 2 NGBMOKE Gridded Emissions (Typical  Figure4-3: MARAMA Alpha 2 NGBMOKE Gridded Emissions (High
Summer Day, June 24, 2011) Ozone Day, July 22, 2011)
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Figure4-4: MARAMA Alpha 2 VOC All SMOKE Gridded Emissions

(Typical Summer Day, June 24, 2011)

June 24, 2011
Anthropogenic & Biogenic

1 57 85 113 141 169

June 24, 2011 00:00:00 UTC
Min (151, 1) = 0., Max (138, 102) = 2540027.

Figure4-6: MARAMA Alpha 2 VOC Anthropogenic SMOKE Gridded

Emissions (Typical Summer Dayndi24, 2011)

June 24,2011
Anthropogenic Only
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June 24, 2011 00:00:00 UTC
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Figure4-8: MARAMA Alpha 2 SGBMOKE Gridded Emissions (Typical

Summer Day, June 24, 2011)

June 24,2011
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Figure4-5: MARAMA Alpha 2 VOC All SMOKE Gridded Emissions (Hi

Ozone Day, July 22, 2011)

July 22, 2011
Anthropogenic & Biogenic

v T T
1 29 57 85 113 141 169

July 22, 2011 00:00:00 UTC
Min (151, 1) = 0., Max (19, 35) = 4703806.

Figure4-7: MARAMA Alpha 2 VOC Anthropogenic SMOKE Gridded

Emissions (High Ozone Day, July 22, 2011)

July 22, 2011
Anthropogenic Only
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Figure4-9: MARAMA Alpha 2 SABMOKE Gridded Emissions (High

Ozone Day, July 22, 2011)

July 22, 2011
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Table4-3: 2011 base case Alpha 2 emissions (tons) by pollutant and RPO for aggregated sectors from SMOKE processed emission reports

Full State/ RPO ERTAC EGU NonEGU Nonroad Onroad Non-point OillGas Other Total
Partial Point & (including (includingRWC (including
State Small EGU M/A/R) & Refueling) biogenic)
NO«
Full State | MANEVU 206,647 158,385 346,366 699,944 195,502 53,407 1,018 1,661,269
LADCO 377,389 250,367 418,740 943,808 155,233 83,107 2,607 2,231,251
SESARM 273,729 175,247 289,050 785,783 71,569 93,586 17,077 1,706,041
Partial LADCO 48,030 53,301 73,758 121,024 26,138 2,878 9,851 334,980
State SESARM 141,297 107,901 146,227 459,332 37,624 58,215 60,218 1,010,813
CENSARA 476,036 325,158 711,395 1,150,395 143,345 626,084 116,659 3,549,072
Canada 159,482 218,823 249,114 59,134 686,553
US EEZ 517,740 517,740
Interntnl. 9,170 9,170
NO Total 1,523,128 1,523,128 1,229,840 2,731,268 4,409,399 688,544 917,278 207,430
voC
Full State | MANEVU 2,482 53,690 366,461 356,969 678,462 29,028 21,238 1,508,331
LADCO 6,047 149,483 392,727 472,135 666,820 85,057 39,304 1,811,573
SESARM 5,064 159,866 235,810 364,008 508,655 94,089 186,020 1,553,512
Partial LADCO 1,616 20,089 76,960 65,891 120,062 131 188,478 473,227
State SESARM 4,155 74,385 131,922 222,323 281,679 50,653 310,917 1,076,035
CENSARA 11,975 209,440 269,531 497,121 875,210 1,520,510 1,635,856 5,019,642
Canada 1,457 157,565 117,735 532,666 809,423
US EEZ 14,792 14,792
Interntnl. 330 330
VOC Total 31,339 668,411 1,646,099 2,096,182 3,663,553 1,779,468 2,381,813 12,266,865
SQ
Full State | MANEVU 462,603 108,742 25,481 5,069 135,409 2,103 612 740,020
LADCO 1,409,343 336,342 5,794 4,877 19,164 1,362 1,353 1,778,235
SESARM 669,868 170,096 7,888 3,820 31,725 1,762 7,640 892,799
Partial LADCO 93,275 20,937 644 598 6,385 82 5,687 127,609
State SESARM 409,350 90,427 3,944 2,220 30,396 20,854 20,498 577,688
CENSARA 1,087,853 324,686 23,579 5,594 44,155 21,060 58,760 1,565,688
Canada 436,584 36,343 1,380 36,964 511,271
US EEZ 50,654 50,654
Interntnl. 5,775 5,775
SQ Total 4,132,292 1,487,814 160,102 23,559 304,198 47,222 94,551 6,249,738
PM, 5
Full State | MANEVU 17,952 28,839 27,585 26,839 161,721 1,676 27,277 291,889
LADCO 61,377 53,855 31,401 34,096 156,230 1,518 130,498 468,975
SESARM 43,808 41,690 20,724 24,271 96,005 2,100 110,274 338,871
Partial LADCO 6,537 15,190 5,866 4,407 43,681 29 91,489 167,199
State SESARM 23,368 37,514 10,706 14,186 87,149 1,342 273,774 448,038
CENSARA 77,558 84,589 40,187 38,085 123,174 15,966 1,026,201 1,405,760
Canada 25,777 16,908 8,934 105,607 323,474 480,700
US EEZ 15,722 15,722
Interntnl. 716 716
PM, s Total 230,599 287,454 169,815 150,818 773,568 22,631 1,982,986 3,617,870
NH
Full State | MANEVU 2,925 4,974 380 18,106 14,580 14 165,666 206,644
LADCO - 7,682 447 18,017 19,727 11 478,355 524,240
SESARM 444 6,735 283 15,543 5,513 4 348,367 376,889
Partial LADCO - 1,241 76 2,402 3,240 47 201,881 208,887
State SESARM - 9,762 146 8,858 2,843 2 231,178 252,789
CENSARA - 22,208 1,121 19,701 17,123 52 1,366,962 1,427,166
Canada 4,983 250 15,303 3,091 183,853 207,480
US EEZ - -
Interntnl. - -
NH; Total 3,369 57,585 2,702 97,929 66,117 129 2,976,263 3,204,094
CcO
Full State | MANEVU 41,340 235,436 2,769,526 3,498,866 892,083 40,947 90,739 7,568,938
LADCO 132,762 741,458 2,531,114 4,602,854 951,801 53,071 166,190 9,179,250
SESARM 101,585 328,980 1,650,091 3,519,155 523,080 81,536 842,359 7,046,786
Partial LADCO 20,662 29,266 354,226 631,171 246,236 552 800,131 2,082,244
State SESARM 65,145 160,224 853,844 2,097,741 495,024 28,960 1,972,145 5,673,083
CENSARA 201,076 412,960 1,820,066 4,791,071 783,366 474,018 6,907,096 15,389,654
Canada 585,732 1,889,841 2,204,940 648,333 5,328,846
US EEZ 83,618 83,618
Interntnl. 778 778
CO Total 562,570 2,494,057 11,953,104 21,345,799 4,539,922 679,085 10,778,661 52,353,197
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Table4-4: 2011 base casBetaemissions(tons) by pollutant and RPO for aggregated sectdrsm SMOKE processed emission reports

Full State/ RPO ERTAC EGU NonEGU Nonroad Onroad Non-point OillGas Other Total
Partial Point & (including (includingRWC (including
State Small EGU M/A/R) & Refueling) biogenic)
NO«
Full State | MANEVU 206,457 155,892 346,258 717,012 195,137 53,407 1,165 1,675,326
LADCO 381,339 249,658 418,740 902,000 155,219 83,107 2,612 2,192,675
SESARM 273,719 172,613 289,050 778,220 68,694 94,145 18,262 1,694,703
Partial LADCO 26,996 53,296 73,758 79,420 25,065 2,878 9,926 271,339
State SESARM 141,296 107,513 146,227 390,760 33,537 58,219 61,591 939,143
CENSARA 491,941 323,997 805,686 284,258 127,522 626,557 127,577 2,787,538
Canada 159,482 218,823 249,114 59,134 686,553
USEEZ 517,740 517,740
Interntnl. 9,170 9,170
NO Total 1,521,748 1,222,451 2,825,450 3,400,784 664,307 918,314 221,132 10,774,186
voC
Full State | MANEVU 2,477 53,046 366,247 362,357 701,998 29,028 21,570 1,536,724
LADCO 6,576 148,290 392,727 437,375 700,592 85,057 39,312 1,809,929
SESARM 5,216 159,469 235,810 364,193 533,860 94,138 188,258 1,580,944
Partial LADCO 499 20,090 76,960 43,299 122,169 131 188,610 451,758
State SESARM 2,792 74,096 131,922 189,829 291,912 50,653 313,325 1,054,530
CENSARA 10,069 208,963 327,909 109,269 879,881 1,520,538 1,654,955 4,711,584
Canada 1,457 157,565 117,735 532,666 809,423
US EEZ 14,792 14,792
Interntnl. 1 1
VOC Total 27,628 665,412 1,703,934 1,624,056 3,763,079 1,779,546 2,406,029 11,969,684
SQ
Full State | MANEVU 462,551 108,301 25,481 4,793 135,936 2,102 668 739,833
LADCO 1,463,978 336,334 5,794 4,394 19,157 1,362 1,355 1,832,374
SESARM 669,831 169,991 7,888 3,626 26,061 1,761 8,016 887,174
Partial LADCO 36,332 20,930 644 391 5,894 82 5,721 69,996
State SESARM 409,350 85,352 3,944 1,817 28,511 25,913 21,104 575,989
CENSARA 1,088,313 324,666 23,801 1,071 38,551 21,060 62,176 1,559,638
Canada 436,584 36,343 1,380 36,964 511,271
US EEZ 50,654 50,654
Interntnl. 5,775 5,775
SQ Total 4,130,355 1,482,158 160,324 17,473 291,074 52,279 99,040 6,232,703
PM; 5
Full State | MANEVU 17,987 28,669 27,582 27,133 159,622 1,676 27,816 290,486
LADCO 49,075 53,709 31,401 30,690 156,199 1,518 130,509 453,100
SESARM 36,920 41,614 20,724 23,652 90,434 2,107 113,554 329,004
Partial LADCO 2,562 15,190 5,866 2,960 41,492 29 91,658 159,757
State SESARM 12,623 37,192 10,706 11,934 78,532 1,345 274,952 427,284
CENSARA 45,622 84,418 48,640 10,236 88,011 15,977 1,048,693 1,341,597
Canada 25,777 16,908 8,934 105,607 323,474 480,700
US EEZ 15,722 15,722
Interntnl. 716 716
PM, s Total 164,788 286,568 178,265 115,539 719,897 22,653 2,010,656 3,498,366
NH
Full State | MANEVU 2,923 4,950 380 18,094 14,555 14 165,673 206,588
LADCO 891 7,682 447 17,582 19,727 11 478,355 524,696
SESARM 1,498 6,690 283 15,464 5,501 4 348,367 377,808
Partial LADCO 107 1,240 76 1,555 3,240 47 201,881 208,147
State SESARM 1,865 9,667 146 7,602 2,843 2 231,178 253,302
CENSARA 6,488 22,207 1,223 4,131 14,549 52 1,392,026 1,440,676
Canada 4,983 250 15,303 3,091 183,853 207,480
US EEZ 216 216
Interntnl.
NH; Total 13,772 57,419 3,020 79,732 63,507 129 3,001,334 3,218,912
CcO
Full State | MANEVU 41,310 234,702 2,768,157 3,495,020 881,048 40,947 95,551 7,556,735
LADCO 81,510 740,716 2,531,114 4,277,100 951,474 53,071 166,302 8,801,287
SESARM 76,219 327,271 1,650,091 3,491,900 471,969 81,711 870,770 6,969,931
Partial LADCO 7,427 29,263 354,226 407,300 222,711 552 801,858 1,823,338
State SESARM 28,503 159,809 853,844 1,779,900 404,229 28,963 2,003,907 5,259,155
CENSARA 199,495 412,002 2,279,704 985,507 434,457 474,162 7,145,277 11,930,605
Canada 585,732 1,889,841 2,204,940 648,333 5,328,846
US EEZ 83,618 83,618
Interntnl. 778 778
CO Total 434,464 2,489,495 12,411,373 16,641,667 4,014,221 679,407 11,083,666 47,754,292
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Table4-5: 2011 base cas&amna emissions (tons) by pollutant and RPO for aggregated sectors from SN@i€Essed emission reports

Full State/ RPO ERTAC EGU NonEGU Nonroad Onroad Non-point Oil/lGas Other Total
Partial Point & (including (includingRWC (including
State Small EGU M/A/R)* & Refuelingy biogenic)
NGO«
Full State | MANEVU 206,457 155,892 344,671 717,012 194,924 53,405 1,165 1,673,526
LADCO 381,339 249,658 416,060 902,000 155,054 83,106 2,612 2,189,829
SESARM 273,719 172,613 287,687 778,220 68,606 94,145 18,262 1,693,252
Partial LADCO 26,996 53,296 73,317 79,420 25,038 2,878 9,926 270,872
State SESARM 141,296 107,513 145,531 390,760 33,499 58,219 61,591 938,408
CENSARA 491,941 323,997 802,670 284,258 127,377 626,557 127,577 2,784,378
Canada 318,964 218,823 249,114 118,199 905,100
US EEZ 517,740 517,740
Interntnl. 9,170 9,170
NO Total 1,521,748 1,381,933 2,815,668 3,400,784 722,698 918,311 221,132 10,982,273
VOC
Full State | MANEVU 2,477 53,046 369,537 362,357 703,086 29,028 21,570 1,541,101
LADCO 6,576 148,290 397,467 437,375 721,835 85,057 39,312 1,835,912
SESARM 5,216 159,469 238,561 364,193 571,496 94,138 188,258 1,621,331
Partial LADCO 499 20,090 77,797 43,299 122,071 131 188,610 452,497
State SESARM 2,792 74,096 133,346 189,829 291,611 50,653 313,325 1,055,653
CENSARA 10,069 208,963 331,322 109,269 879,002 1,520,538 1,654,955 4,714,118
Canada 2,914 157,565 117,735 1,064,690 1,342,904
US EEZ 14,792 14,792
Interntnl. 1 1
VOC Total 27,628 666,869 1,720,389 1,624,056 4,353,791 1,779,546 2,406,029 12,578,308
SQ
Full State | MANEVU 462,551 108,301 25,477 4,793 135,783 2,102 668 739,675
LADCO 1,463,978 336,334 5,788 4,394 19,144 1,362 1,355 1,832,354
SESARM 669,831 169,991 7,885 3,626 26,017 1,761 8,016 887,126
Partial LADCO 36,332 20,930 643 391 5,888 82 5,721 69,988
State SESARM 409,350 85,352 3,942 1,817 28,477 25,913 21,104 575,953
CENSARA 1,088,313 324,666 23,796 1,071 38,505 21,060 62,176 1,559,586
Canada 873,168 36,343 1,380 73,883 984,775
US EEZ 50,654 50,654
Interntnl. 5,775 5,775
SQ Total 4,130,355 1,918,742 160,301 17,473 327,697 52,279 99,040 6,705,886
PM; 5
Full State | MANEVU 17,987 28,669 27,442 27,133 160,501 1,676 27,816 291,225
LADCO 49,075 53,709 31,191 30,690 156,178 1,518 130,509 452,869
SESARM 36,920 41,614 20,605 23,652 90,376 2,107 113,554 328,828
Partial LADCO 2,562 15,190 5,828 2,960 41,547 29 91,658 159,775
State SESARM 12,623 37,192 10,646 11,934 78,889 1,345 274,952 427,581
CENSARA 45,622 84,418 48,400 10,236 88,291 15,977 1,048,693 1,341,637
Canada 51,554 16,908 8,934 211,721 323,474 612,591
US EEZ 15,722 15,722
Interntnl. 716 716
PM, s Total 164,788 312,345 177,458 115,539 827,502 22,653 2,010,656 3,630,942
NH
Full State | MANEVU 2,923 4,950 378 18,094 14,552 14 165,673 206,584
LADCO 891 7,682 445 17,582 19,725 11 478,355 524,691
SESARM 1,498 6,690 282 15,464 5,500 4 348,367 377,805
Partial LADCO 107 1,240 76 1,555 3,239 47 201,881 208,146
State SESARM 1,865 9,667 145 7,602 2,843 2 231,178 253,301
CENSARA 6,488 22,207 1,218 4,131 14,546 52 1,392,026 1,440,668
Canada 9,966 250 15,303 6,181 183,853 215,553
US EEZ 216 216
Interntnl.
NH; Total 13,772 62,402 3,010 79,732 66,586 129 3,001,334 3,226,964
CcO
Full State | MANEVU 41,310 234,702 2,766,259 3,495,020 880,902 40,947 95,551 7,554,690
LADCO 81,510 740,716 2,536,119 4,277,100 951,341 53,071 166,302 8,806,159
SESARM 76,219 327,271 1,650,188 3,491,900 471,790 81,710 870,770 6,969,848
Partial LADCO 7,427 29,263 354,389 407,300 222,691 552 801,858 1,823,481
State SESARM 28,503 159,809 854,236 1,779,900 403,996 28,963 2,003,907 5,259,314
CENSARA 199,495 412,002 2,280,730 985,507 434,313 474,162 7,145,277 11,931,487
Canada 1,171,464 1,889,841 2,204,940 1,296,264 6,562,509
US EEZ 83,618 83,618
Interntnl. 778 778
CO Total 434,464 3,075,227 12,416,158 16,641,667 4,661,297 679,406 11,083,666 48,991,883
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* Note: emissions from the nonroad and nonpoint for states partially in the domain weygproximated based on Beta 2 emissions and the ration of
Gamma/Beta 2 emissions for states fully in the modeling domain
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Section 5. 8-hour Ozone/Regional Haze Modelirgjrig the CMAQ@nd
CAMx Modeling Platforms

Air Quality Modeling Domain

The modeling domain used in this application represented a subset of thedeAentatmodeling

domain hat covered the entire 48tate region with emphasis on the OTkRie OTMANEVUmodeling
domain at 12 km horizontal mesh is displayeéigure5-1. The 12 km domain used in this analysis
includes the eastern US with a 172X172 mesh in the horizontal and 35 vertical layers, the same as WRF
setup from surface up to 50 mb. The same domain is used for GIMAGQAMModeling.

Initial/Boundary Conditions/Initial Conditions

The same boundary conditions are used by CMAQCAMxmodeling, though they differ in format
depending on the modeling platform being used.

Alpha, Alpha 2, and Beta/Beta2 Modeling

The boundary conditions for the 12 km grid were developed from a 2.5 x 2.5 degreeGBEMS
(version 8) global simulation produced by EBuse in the 2011 modeling platfor(iyth et al. 2015)
To address the transport of the pollutants through the hdaries, the GEGShem data were used to
develop the initial and boundary condition for the 2011 Of@tleling platform. The CMAS§Imulations
used a 1&day rampup period to wash out the effect of the initidgefds.

Gamma Modeling

For Gamma modeling a new set of boundary conditions were created by running the @btleQon a
national scale. CMAQmodelingfor the OTQ@omainpreviously relied on &EOSChem boundary

condition, which did not perform well, especially near the boundaries. It is important to have accurate
modeling of boundary conditions because source apportionment work has shown that boundary
conditions are modeled to be a significaatd often the largest, contribution to ozone.

Development of improved boundary conditions begah (i K 9 t '&l @ldtform ansh aCAMxun was
conducted using th&€PACONUS domaiffrigure5-1) with the 3-D output option The 3D results were
then trimmed to remove the OTC 12km domain (dggure5-1) so that they can function as boundary
conditions. The run was completed using CAMx v. 6.3, WRFCAMXx v. 4.4, 25 layers, and relied on
emissionsfromERAA HAMM WSt Q LI GF2NYOD
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Figure5-1: EPA and OTC 12 km modeling domains

OTC 12km demain (172 columnsg * 172 rows)

| EPA CONUS 12km domain (396 columns * 246 rows) |
= Q

Following the completion of the CANun for use as boundary conditions, two runs were completed for

the purposes of testing the improvements in boundary conditions. The first of these relied on@& GE
Chem boundary conditions used in Alpha and Beta modeling and the second of these relied on this new
set of boundary condition data developed in CAMBoth of these runs were completed using CAMX v.

6.3 and WRIEAMX v. &, with 25 layers and reprocessed 2011 BPAf Q SYA a4 aA 2y a® ¢ KS
completed for the time period from May 15 to June 30, with the days in May intended as a ramp up

period.

To determine the effect of switching boundary conditions, azoantribution results were compared
and on many days contribution by boundary conditions decreased substantially, in particular in the
western portion of the domain as seenkigure5-2.
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Figure5-2: Difference in ozone contribution between Alpha/Beta (GEGBem) and Gamma (CAMXCB boundary conditions at 4 PM EST
during June simulations.

Vertical Layers
Table5-1 shows the values for each layer in the photochemical modeling platform, as well as in the
meteorological model (WRF). This layer set up was used in all modelingscunssed.

Table5-1: Layers used by the photochemical model and meteorological model (WRF)
CMAQ/CAMXx Layers WRF Layers SigmaP Pressure (mb) Approximate Height (m AGL)

25 35 0.00 50.00 17,556
34 0.05 97.50 14,780
24 33 0.10 145.00 12,822
32 0.15 192.50 11,282
23 31 0.20 240.00 10,002
30 0.25 287.50 8,901
22 29 0.30 335.00 7,932
28 0.35 382.50 7,064
21 27 0.40 430.00 6,275
26 0.45 477.50 5,553
20 25 0.50 525.00 4,885
24 0.55 572.50 4,264
19 23 0.60 620.00 3,683
18 22 0.65 667.50 3,136
17 21 0.70 715.00 2,619
16 20 0.74 753.00 2,226
15 19 0.77 781.50 1,941
14 18 0.80 810.00 1,665
13 17 0.82 829.00 1,485
12 16 0.84 848.00 1,308
11 15 0.86 867.00 1,134
10 14 0.88 886.00 964
9 13 0.90 905.00 797
12 0.91 914.50 714
8 11 0.92 924.00 632
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CMAQ/CAMXx Layers WRF Layers SigmaP Pressure (mb) Approximate Height (m AGL)

10 0.93 933.50 551
7 9 0.94 943.00 470

8 0.95 952.50 390
6 7 0.96 962.00 311
5 6 0.97 971.50 232
4 5 0.98 981.00 154

4 0.99 985.75 115
3 3 0.99 990.50 7
2 2 1.00 995.25 38
1 1 1.00 997.63 19

Photochemical Modelir@onfigurations

Alpha, Alpha 2, and Beta/Beta2 CMAQ Modeling

CMAQv. 5.0.2 was used for Alpha, Alpha 2 and Beta/Beta 2 modeling. Photochemical modeling was
performed with the CCTdoftware that is part of the CMAQ modeling package. Version 5.0.2 of this
modeling software was obtained from the CM&8deling centeihttp://www.cmascenter.org.

Module options are listed iffable5-2. It should be noted that the newer version of the gas phase
chemical mechanism termed CBO06 was not yet available in the CMAQ model at the time of this project.

Table5-2: Module options used in compiling the CCTM executable

Horizontal advection: yamo Vertical advectionwrf Horizontal diffusion: multiscale
Vertical diffusion: ACM2 Gas phase chemical mechanismOEB Biogenic Emission: BEIS
Chemical solver: EBI Aerosol module: aero6

The following files are saved as running CMAQ

Layer 1 hourlyaverage concentration file (ACONC) which contains whole 154 species
Dry deposition file (DRYDEP)

Wet deposition file (WEJEP1)

Aerosol/visibility file

=A =4 =4 =4

Gamma and Gamma 2 CMAQ Modeling

CMAQV. 5.2 was used in the Gamma and Gamma 2 Modeling. Photochemical modeling was performed
with the CCTMoftware that is part of the CMAQ modeling package. Version 5.2.1 of this modeling
software was obtained from the CMA®deling centerffttp:/ /www.cmascenter.oryy Module options

are listed inTable5-3. There was no difference in the files saved for modeling from previous modeling.

Table5-3: Module options used in compiling the CCTM executable for Gamma Modeling

Horizontal advection: yamo Vertical advectionwrf Horizontal diffusion: multiscale
Vertical diffusion: ACM2 Gas phase chemical mechanismo& Biogenic Emission: BEIS3 inline
Chemical solver: EBI Aerosol module: aero6 Deposition velocity: m3dry

CAMXAPCA Modeling

Source apportionment modeling for future year 2023 used CAMX40. The modeling software was
obtained from RambolEnviron (www.camx.com). For consistency with the modeling conducted by
EPAthe APCAption was applied instead of OSAWRFCAMXx v. 4.6 was usedwab layers. In
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addition, all emissions (surface and elevated) were converted to point sources with kcell override except
sea salts, which were supplied asl Burface emissions. Other options used in the modeling are listed in
Table5-4 and the full script is available upon request.

Table5-4: Runtimeoptions used in theMPI script

ACM2 false Gas phase chemicalechanism: Cl6r4 Biogenic Emission: BEIS
Chemical solver: EBI Advection solver: PPM Aerosol module: aero6
Probing tool: SA Dry deposition model: ZHANGO3
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Section 6. Model Performance and Assessment-bio8ir
Ozone/Regional Haze Modeling

Air Quality Model Evaluation and Assessment

One of the tasks requireds part of demonstrating attainment for thet8 ozone NAAQS is the

evaluation and assessment of the air quality modeling system used to predict future air quality over the
region of interest (EPA, 2014). As part of the attainment demonstration, the SNOM&E) and
SMOKE/CAMx modeling systems were applied to simulate the pollutant concentration fields for the
base year 2011 emissions with the corresponding meteorological information. The modeling databases
for meteorology using WRF, the emissions using SMaiEapplication of CMAQ or CAMXx provide
simulated pollutant fields that are compared to measurements to establish credibility of the modeling
system. In the following section a comparison between the measured and predicted concentrations is
performed aml the results presented, demonstrating the overall utility of the modeling system in this
application.

The results presented here should serve as an illustration of the evaluation and assessment performed
on both the base 2011 CMA&nhd CAMsimulatiors. Additional information can be made available by
request from the New York State Department of Environmental Conservation.

Simulations

Base case CMAQ simulations were run using each of the 2011 base case inventories (Alpha, Alpha 2,
Beta, and Gamma) and basase CAMx simulation was only run using Gamma. Meteorology, boundary
conditions, etc. were all held consistent in the base case simulations. The chemistry mechanism was
held consistent between the Alpha and Beta platforms, but was upgraded for the Gaimuiations.

Summary of Measured Data

The ambient air quality data for both gaseous and aerosol species for the simulation period were
obtained from EPA AQS for ozone, AQS foyfMhvass, CSN and IMPROVE fop $deciation, and
DISCOVERQ. Measured data from all sites within the modeling domain are included here. The-model
based data were obtained at the gfietll corresponding to the monitor location and no interpolation

was performed.

Ozone

Hourly ozone isneasured at a large number of State, Local, and National Air Monitoring Stations
(SLAMS/NAMS) across the US on a routine basis, and the data from 226 OTR and@2R sdas
were extracted from the AQS databasetps://aqs.epa.gov/ap..

Fine Particulate Matter (PMs)

Federal Reference Method (FRM) Rjvhass data collected routinely at SLAMS/NAMS sites across the
US and the data from 745 sites across the modeling domain were extracted from AQS.

Fine ParticulateéSpeciation

The 24hour average Pl and fine particulate speciation (sulfate ($nitrate (NQ), elemental carbon
(EC), organic carbon/organic mass (OC/OM), and soil/crustal matter) from Class | areas across the US

6-31


https://aqs.epa.gov/api

collected every '8 day were obtainedrom the IMPROVE web site
(http://vista.cira.colostate.edu/IMPROYE Additionally, CSN speciated data was downloaded from the
AQS systemhitps://www3.epa.gov/tthamtil/speciepg.html Data from 58 IMPROVE sites and 127 CSN
sites in the modeling domain were used in this analysis.

DISCOVERQ

Two research airplane@ NASA BB and a Ud2)flew 14days sampling in coordination with grouh
sites, monitoring air quality in the Baltimok&ashington corridor in 2011. TINASA RBB spiraled over
six ground stations in Marylarahd the UCL2 used aLiDARo observe "profiles" of particulate pollution
in the atmosphere.This data resource wasguominantly used to inform auglitative asessment of
vertical ozone profiles.

Evaluation of CMAQ predictions

The following sections provide model evaluation information for the above referenced pollutants over
the 12km modeling domain. Details on therfnulas used in this section can be seen in Appendix A.

Daily Maximum #our Ozone Concentration

Model evaluation statistics, based on daily maximuhmo8r average ozone levels on days having: (1) at
least 10 valid observations, and (2) an observed dadlyimum ozone concentration of at least 60 ppb,

are presented here for all sites across the modeling domain. Thecdataedthe period from April 15
through October 30. Modeling results were computed using the Alpha2 platform. There are 226 OTR
and 27 nonrOTR SLAMS/NAMS sites. The use of the 60 ppb threshold focuses on model performance
evaluation orthe highest ozone days.

Figure6-1 and Figure6-2 display daily averages of observed and predicted daily maximbouBozone
concentrations averaged across all SLAMS/NAMS sites in the OTR and outside of the OTR, respectively.
These averages were computed for each day and considered all sites, not just ones that met the
threshold. The dashed black line denotes 1:1, coldirexs denote linear regression lines, and the green

line denotes observed daily maximum ozoRec n . LJLJO

The overall tendencgf CMAQis to overpredict daily maximum ozone63% of CMAQ values at OTR

sites are higher than observéBigure6-1); 60% of CMAQ values at r@TR sites are higher than
observed(Figure6-1). However, tiobserved daily maximum ozomencentrations>60 pb, CMAQ

tends to undefpredict ozoneg on such days 68% of CMAQ values at OTR sites are lower than observed
and 77% of CMAQ values at n@1R sites are lower than observetihe undeprediction in theOTR is

less when solely looking at thé& high maximum and the™high maximum igure6-3). It is also less in

the region outside of OTR for thé high maximum and the"%high maximumEigure6-3).

6-32


http://vista.cira.colostate.edu/IMPROVE
https://www3.epa.gov/ttnamti1/speciepg.html

Figure6-1: Compaison of daily maximum &our ozone

Figure6-2: Compaison of daily maximum &our ozone
concentrations at OTR sites
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Table6-1: Correlation coefficients for 1st and 4th highest maximurh8ur ozone concentrations in 2011 base case modeling

1* highest maximum 4™ highest maximum
OTR 0.68 0.78
OutsideOTR | 0.31 0.38

Figure6-3: Comparison of 1st highest maximuf(feft) and 4th highest maximungright) 8-hour ozone concentrations at OTR sites
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Figure6-4: Comparison of 1st highest maximum (left) and 4th highest maximum (rightjo8ir ozone concentrations aton-OTR
sites
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CMAQ captured the observed temporal variation wieig(re6-5). CMAQ captured the observed
temporal variation well with both Alpha 2 and Beta emissions with the Beta emissions yielding
comparable &our ozone results to Alpha2 emissions though in adases Beta results were slightly
higher Figure6-5 and Figure6-6).

Figure6-5: Observed versus predicted 2011 ozone centration (ppb; mean + 1 standardleviation) usingAlpha 2Inventory in the OTR
where daily max was greater than 40 ppb
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Figure6-6: Observed versus predicted 2011 ozone centration (ppb; mean + 1 standardeviation) usingBetalnventory in the OTRvhere
daily max was greater than 40 ppb
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Geographically, the MFE is higher in New England than in thé\N&dticOTR and much higher outside
of the region, in particular in LADCRIJure6-7). The Beta emissions showed less MFE compared to
Alpha2 emissions, espady within the innerOTR regionHigure6-8). MFB are small and close to zero
bias in the northeast region while in the LADCO region MFB is moré degaS A Yy RA OF (A y 3
prediction which may be caused by the boundary conditiéigure6-9). The Beta emissions also
showed improvement in coecting the prediction bias, especially in the irH@TR regionHigure6-10).
There are several monitors on the Atlantic coast, in particular albed.ong Island Sound, that have a

positive MFB, and the general undarediction in the OTR is more prominent in southern New England.
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Outside of the region MFB shows the most ungezdiction in LADCO and CENSARA states. MAGE is
most prominent along th&95 corridor and along Lake Erie, though the highest MAGE is seen at Mt
Washington in New HampshirBigure6-11). Similar to MFE, the Beta emissalso indicated the
improvement in reducing error by CMAQ predictioRg(re6-12). MAGE is also higher outside of the

OTR, in particular in the DEO and CENSARA states. One potential reason for higher MFE and MAGE in
the LADCO and CENSARA regions may be boundary conditions.

Figure6-7: MFE in daily mag-hr ozoneAlpha 2 60 ppb thresholdApr  Figure6-8: MFE in daily max-8r ozoneBeta, 60 ppb threshold Apr
15-Oct30; only monitors with 10 daygreater than60 ppb threshold 15-Oct30; only monitors with 10 days greater than 60 ppb threshold
(183 of 226 OTR sites; 372 of 427 AOARsites) (183 of 226 OTR sites; 372 of 427 AOA Rsites)

<10% <10%

10-15% 10-15%
15-20% 15-20%
20-25% 20-25%
25-30% 25-30%
30-35% 30-35%
>35% >35%

Note: Whenlooking at MFE in the figures above, cooler colors (e.g. gray, blue, green) indicate better model performance.

Figure6-9: MFBin daily max8-hr ozoneAlpha 2 60 ppb thresholdApr  Figure6-10: MFB in daily max-8r ozoneBeta, 60 ppb thresholdApr
15-Oct30; only monitors with 10 daygreater than60 ppb threshold 15-Oct30; only monitors with 10 days greater than 60 ppb threshold
(183 of 226 OTR sites; 372 of 427 AOARsites) (183 of 226 OTR sites; 372 of 427 AOA Rsites)

<-35% <-35%
-35t0-25% -351t0-25%
-2510-15% -2510-15%
-15to —:3% -15t0-5%
-51t0 5% -5 to 5%
5to 15% 5to 15%
>15% >15%

Note: When looking at MFR the figures abovewarm colors (yellow and orange) indicate better model performance.
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Figure6-11: MAGEN daily max 8hr ozoneAlpha 2, 60 ppb Figure6-12: MAGE in daily max-8r ozoneBeta, 60 ppb threshold,
threshold, Apr 150ct30; only monitors with 10 days greater than Apr 150ct30; only monitorswith 10 days greater than 60 ppb
60 ppb threshold (183 of 226 OTR sites; 372 of 427-0diRsites)  threshold (183 of 226 OTR sites; 372 of 427 1@hRsites)

Note: When looking at MAGE in the figures above, cooler colors (e.g. gray, blue, green) indicate better model performance.

Gamma Platform Improvements

For the Gamma modeling platform several improvements were made and evaluated. Firstly the
chemistry mechanism was upgraded to CB6 from CB5. Additionally, several inventory sectors were
upgraded including onroad mobile (increased penetration-8bduel and speciation updates),
nonpoint, oil & gas, portable fuel containers, and agricultural $ectors. Finally, improvements were
made to the way in which marine emissions were modeled.

When comparing the MFE between Befagure6-13) and GammaKigure6-14) one can see a decrease
in error, in particular along95 corridor monitors in the OTR. Monitors along #8bIcorridor see MFB
that was negative in Bet&igure6-15) getting closer to 0 in GammBifure6-16). Finally there are
decreases in MAGE seen in Gamriig(ire6-18) from what was modeled in Bet&ifure6-17). Overall
the Gamma modeling platform would appear to be an improvement over the Beta platform in key
locations in the OTR.

Figure6-13: MFE in daily max-8r ozone Bea, 60 ppb threshold, Figure6-14: MFE in daily max-8r ozoneGamire, 60 ppb
Apr 150ct30; only monitors with 10 days greater than 60 ppb threshold, Apr 150ct 30; only monitors with 10 days greater than
threshold 60 ppb threshold

<10%

10-15%
15-20%
20-25%
25-30%
30-35%
>35%

<10%

10-15%
15-20%
20-25%
25-30%
30-35%
>35%

Note: When looking at MFE in the figures above, cooler colors (gray, blue, green) indicate better model performance.
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Figure6-15: MFB in daily max-8r ozone Beta, 60 ppb threshold, Figure6-16: MFB in daily max-#r ozoneGamma, 60 ppb
Apr 150ct 30; only monitors with 10 days greater than 60 ppb threshold, Apr 150ct 30; only monitors with 10 days greater than

threshold 60 ppb threshold
T
0/’3 3 o &7 0 mc(LO/)
. &7 -

<-35% 7 & ° 10 o 3 <35%
-351t0-25% 3 . ) 8% -351t0-25%
-2510-15% -2510-15%
-15t0-5% -15t0-5%
-510 5% -510 5%
5to 15% w‘\j@ 5to 15%
>15% >15%

Note: When looking at MFB in the figures above, warm colors (yellow and orange) indicate better model performance.

Figure6-17: MAGE in daily max-Br ozoneBeta, 60 ppb threshold, Figure6-18: MAGE in daily max-8r ozoneGamira, 60 ppb
Apr 150ct 30; only monitors with 10 days greater than 60 ppb threshold, Apr 150ct 30; only monitors with 10 days greater than
threshold 60 ppb threshold

<4 ppb
4-7 ppb
7-10 ppb
10-13 ppb
13-16 ppb
16-19 ppb
>19 ppb

Note: When looking at MAGE in tfigures above, cooler colors (gray, blue, green) indicate better model performance.

In Figure6-19 one can see how MFB, which tended negative in the Beta platforprpiad overall
compared to Gamma platformiigure6-20 shows a similar comparison or MFE and one can see an
overall reduction in MFE moving from the Beta to the Ganpatform.
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Figure6-19: MFBcomparison between Gamma {gxis) and Beta Figure6-20: MFE: comparison between Gamma#yis) and Beta
(x-axis) (x-axis)
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The data presented ifiable6-2 summarizes the Figure6-21: Difference in Ozone Seasonatur
improvements seen going from Beta to Gamma. Every Maximum (Gamma Beta)

category saw an increase in the number of monitors

meeting the performance statistics, both inside and outside

of the OTR.

Table6-2: Summary statistics foMFE, MFB, and MAGE from the Beta and
Gamma modeling platforms

aC9 X pacC. puy X>a! D9 X 1

Beta, all sites (n=553) n=346 n=441 n=371
Gamma, all sites (n=553) n=395 n=483 n=407
Beta, OTR sites (n=183) n=156 n=176 n=161
Gamma, OTR sites (n=183 n=171 n=178 n=169

To get an idea of the changes in the baseline results that impact RRF calculations you can examine
Figure. There are increases in ozone levels in some grid cells near the Chesapeake and Delaware Bays,
decreases in ozone levels in thAdantic, and increase in ozone levels north of and dade Erie.

Finally, we can look at the improvements in modeled diurnal patterns. Five key monitotty pidlly
high ozone values were evaluated (Susan Wadfigufe6-22) and BabylonHigure6-23) in New York,
Greenwich Figure6-24) and Westport Figure6-25) in Connecticut, and Edgewodeidure6-26) in
Maryland). The Gamma platform continues to follow the observed diurnal pattern at these five
monitors with improvements seen on some days and less accurate predictions than Beta an other
Overall the Gamma platform appears to replicate the diurnal patterns equally as well as the Beta
platform did at the five selected monitors.
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