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This report describes estimates of daily ozone (maximinou8 average) and PM2.5 (bdur average)
concentrations throughout the contiguous United Stdtieing the 2014 calendar year generated by

EPA's recently developed data fusion method termed the "downscaler model" (DS). Air quality
monitoring data from the State and Local Air Monitoring Stations (SLAMS) and numerical output from
the Community Mulscale Air Quality (CMAQ) model were both input to DS to predict concentrations

at the 2010 US census tract centroids encompassed by the CMAQ modeling domain. Information on
EPA's air quality monitors, CMAQ model, and downscaler model is included to ptbeidackground

and context for understanding the data output presented in this report. These estimates are intended for
use by statisticians and environmental scientists interested in the daily spatial distribution of ozone and
PM2.5.

DS essentially opates by calibrating CMAQ data to the observational data, and then uses the resulting
relationship to predict "observed" concentrations at new spatial points in the domain. Although similar
in principle to a linear regression, spatial modeling aspectshemreincorporated for improving the

model fit, and a Bayesidmpproaching to fittig is used to generate an uncertainty vaksociated with

each concentration prediction. The uncertainties that DS produces are a major distinguishing feature
from earler fusion methods previously used by EPA such as the "Hierarchical Bayesian" (HB) model
(McMillan et al, 2009. The term "downscaler" refers to the fact that DS takesay@taged data

(CMAQ) for input and produces potbased estimates, thus "scalingwhd the area of data
representationAlthough this allows air pollution concentration estimates to be made at points where no
observations exist, caution is needed when interpreting any wgtitioell spatial gradients generated by
DS since they may nexist in the input datasets. The theory, development, and initial evaluation of DS
can be found in the earlier papers of Berrocal, Gelfand, and Holland (2009a2020,11).

EPAG6s Office of Air iceadfdir@Qality Planbing andt&dard¢ (OAIRH) Of f
provides air quality monitoring data anodel estinates to the Centers for DissaControl ad

Prevention (CDC) for se in their Enviroment Public Health Tracking (EPHT) Netwo®DC6s EPHT
Network supports linkage of air quality datémwhuman health outcome data for use by various public
health agencies throughout the U.S. The EPHT Network Program is a multidisciplinary collaboration

that involves the ongoing collection, integration, analysis, interpretation, and disseminationfafrdata
environmental hazard monitoring activities; human exposure assessment information; and surveillance
of noninfectious health conditions. As part of the National EPHT Program efforts, the CDC led the
initiative to build the National EPHT Network (httpwww.cdc.gov/nceh/tracking/default.ntm). The

Nati onal EPHT Program, with the EPHT Network as
calling for improved understanding of how the environment affects human health. The EPHT Network is
designedo provide the means to identify, access, and organize hazard, exposure, and health data from a
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variety of sources and to examine, analyze and interpret those data based on their spatial and temporal
characteristics.

Since 2002, EPA has collaborated wtitie CDC on the development of the EPHT Network. On

September 30, 2003, the Secretary of Health and Human Services (HHS) and the Administrator of EPA
signed a joint Memorandum of Understanding (MOU) with the objective of advancing efforts to

achieve mutuaénvironmental public health goal$iHS, acting through the CDC and the Agency for

Toxic Substances and Disease Registry (ATSDR), and EPA agreed to expand their cooperative
activities in support of the CDC EPH®Ontdet wor k a
Environmental Information Exchange Network in the following areas:

1 Collecting, analyzing and interpreting environmental and health data from both agencies (HHS
and EPA).

1 Collaborating on emerging information technology practices related totoyilslipporting, and
operating the CDC EPHT Network and the Environmental Information Exchange Network.

1 Developing and validating additional environmental public health indicators.

1 Sharing reliable environmental and public health data between theirtrespextworks in an
efficient and effective manner.

1 Consulting and informing each other about dissemination of results obtained through work
carried out under the MOU and the associated Interagency Agreement (IAG) between EPA and
CDC.

The best availablstatistical fusion model, air quality data, and CMAQ numerical model output were
used to develop the estimates. Fusion results can vary with different inputs and fusion modeling
approaches. As new and improved statistical models become available, EBfowie updates.

Although these data have been processed on a computer system at the Environmental Protection Agency, no
warranty expressed or implied is made regarding the accuracy or utility of the data on any other system or

for general or scientificyrposes, nor shall the act of distribution of the data constitute any such warranty. It

is also strongly recommended that careful attention be paid to the contents of the metadata file associated
with these data to evaluate data set limitations, resmgto intended use. The U.S. Environmental

Protection Agency shall not be held liable for improper or incorrect use of the data described and/or
contained herein.

The four remaining sections and one appendix in the report are as follows:

2HHS and EPA agreed to extend the duration of the MOU, effective since 2002 and renewed in 2007, until June 29, 2017. The
MOU is available atrww.cdc.gov/nceh/tracking/partners/epa_mou_2007.htm



http://www.cdc.gov/nceh/tracking/partners/epa_mou_2007.htm

Section2desci bes the air quality data obtained
and the importance of the monitoring data in determining health potential health risks.

Section 3 details the emissions inventory data, how it is obtained and its role as@uk@yo
the CMAQ air quality computer model.

Section 4 describes the CMAQ computer model and its role in providing estimates of pollutant
concentrations across the U.S. based ekmi2jrid cells over the contiguous U.S.

Section 5 explains the dowrader model used to statistically combine air quality monitoring
data and air quality estimates from the CMAQ model to provide daily air quality estimates for
the 2010 US census tract centroid locations within the contiguous U.S.

The appendix provides astiption of acronyms used in this report.
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To canpare health outeues with air qualityneasures, it is importarto understandhe origins of those
measures and thmethods for obtainingiem. This section provides a brief overviefthe origins and
process of air quey reguktion inthis country. It provides a detailed discussion of 0zo®g) @nd
particulatematter (PM). Thé&EPHT program hafcused on these two pollutants, sincenatous studies
have found therno be most paasive and harmful to public health and the envitent, and there are
extensivemonitoring andmodding data available.

2.1 Introduction to Air Quality Impacts in the United States

2.1.1 The Clean Air Act

In 1970, the Clean Air Act (CAA) was signed inéa. Under this lawEPA sets linits on how much of
a pollutant can be in the air anywherdahe United States. HIs ensures that all iericanshave thesame
basichealth and envanmental potections. The CAA has beem&nded severalrties to keep pae with
new infomation. Fomore infomation on the CAA, go tbttps://www.epa.gov/cleaair-actoverview

Under the CAA, the U.S. EPA has establisheddsrds or limits, for six air pollutatsknown as the
criteria air pollutants: carbamonoxide(CO), lead (Pb), nitrogen dioxide (), sulfur dioxide(SO,),
ozone (Q), and particulatenatter (PM). These standards, calledNtagional Ambient Air Quality
Standards (NAAQS), are designed totpct public health and the enviroant. The CAA established
two types of air quality standards. fRary standards settits to protect public healthncluding the
heal t h o fpopilatiens suchtas aetiatics, children, and the elderly. Secandstandards set
limits to protect public welfare, including protection against decreased visibilitgaga toanimals,
crops, vegetation, and buildings. TBAA requires EPA to review these standaatikeast every five
years For more specific infonation on the NAAQS, go tbttps://www.epa.gov/criteriair-
pollutants/naagsable For general infomation on the criteria pollutants, go to
https://www.epa.gov/criteriair-pollutants

When these standards are n@t, the area isedignated as a nonattament area. Statasust develop
state mplementationplans(SIPs) tfat explain the rgulations and contis it will useto clean up the
nonattaiment areasStates with an EPApproved SIP can regst that the area klesignated from
nonattaiment to attaimentby providing three consative years of data showing NAAQSmpliance.
The statenust ako provide amnaintenancelan to denonstrate how it will continue to aaply with the
NAAQS and denonstrate copliance over a 1§ear period, and what correctivetians it will take
should a NAAQS violatioroccur aftedesignation. EPAnust review and approvene NAAQS
compliancedata and he maint@ance plan befordesignating the area; thusparsonmay live in an area
designated as nattairment even though no NAAQS violation haeen observed for quite e ime.
Formore infomation on designations, go dtps://www.epa.gov/ozorgesignationgnd
https://www.epa.gov/participollution-designations

2.1.2 Ozone

Ozone is a colorless gasnposed of thee oxyen atans. Ground level ozone is foed when pollutants
released froncars, paver plants, andther sarrces reat in the presence of heat and sunlighis the

prime ingedient of whatisaomo n | y cnalgl. ®d M en i nhal edrespiratary n e
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https://www.epa.gov/clean-air-act-overview
https://www.epa.gov/criteria-air-pollutants/naaqs-table
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https://www.epa.gov/criteria-air-pollutants
https://www.epa.gov/ozone-designations
https://www.epa.gov/particle-pollution-designations

problems, aggravatastima, cause inflammation of lung tissue, and evemiporarily decrease the lung
capacityof healthy adults. Repeated exposmay pemanently scar lungtissu PAGs | nt egr at
Science Assessments and Risk and Expatocaments are available at
https://www.epa.gov/naaqs/ozensd-air-quality-standards The current NAAQS for ozong@ast revised

in 2015) is adaily maximum8-hour average of 070 parts pemillion [ppm] (for details, see
https://www.epa.gov/ozongollution/settingandreviewingstandardsontrolozonepollution#gandards

The CleanAir Act requires EPA taeview he NAAQS at least every five years and revise tlasm

appropriate in accordangath Section 108 and Section 109 of the Athestandards for ozorere

shown in Table 21.

Table 2-1. OzoneStandards
Parts Per Million: Measurementi (ppm) 1997 008 2015

4™ Highest Daily Max 8hour average 0.08 |0.075 |0.070

2.1.3 Particulate Matter

PM air pollution is a complemixture ofsmall and largeparticles of varying origin tat can contain
hundreds of different chaicals, ncluding canceircausing agats like polycyclic aranatic hydrocarbons
(PAH), as well as heauyetals such as arsenic and oadm. PM air pollution results frordirect
emissions of partiles as well as partes formed through cingical transfomations of gaseous air
pollutants. The loaracteristicssources, and potential health effects of particutater depend on its
source, the season, andratspheric conditions.

As practical convention, PM is divided Bizes into classes with dferinghealthconcernsand potential
sourced. Particles less than Ifiicrometers in dimeter (M 1) pose a health concern because they can be
inhaled nto and accumulate in the rggratory system. Particlesess han 25 micrometers in dianeter

(PMys) arereferredtoa8 f i ne 0 p ause df thdiseal size, fillegarteles can lodge deeply into
the lungsSources of fine partie include all types of eobustion (motor vehicles, power plants, wood
burning, etc.) andame industrial processes. Particles withnoiéers between 2.5 and tricrometers
(PM10.25) are referred to a ¢ @eadr PBIa. Sources of PMc include crushing or grinding operations and
dust frompaved or unpaved roadehe distribution of P\, PM,sand PMc varies from the Eastern U.S.

to arid western areas.

Particle pollution especially fine particlescontains microscopic solids and liquid droplets that are so

small that they can get deep into the lungs and cause serious health problems.uslaoientfic

studies have linked particle pollution exposure to a variety of problems, including premature death in
people with heart or lung disease, nonfatal heart attacks, irregular heartbeat, aggravated asthma, decreas
lung function, and increadeespiratory symptoms, such iastation of airways, coughing or difficulty

breathing. Additional information on the health effects of particle pollution and other technical

documents related to PM standards are availabletps://www.epa.gov/prapollution.

4 Themeasureusedto classifyPM into sizess the arodynamic diameter. The measuement instrments usd for PM are
desgnedand operated to sparate &rge particles from the smaller particles. For example, the PM, sinstrument only captures
and thus measiresparticles wth an aerodynamic diameter less than 2.Bicrometers. The EPAmethod to measurePMc is
desgned around taking the mathematical difference between measurements for Pijland M, s,


https://www.epa.gov/naaqs/ozone-o3-air-quality-standards
https://www.epa.gov/ozone-pollution/setting-and-reviewing-standards-control-ozone-pollution#standards
https://www.epa.gov/pm-pollution

The current NAAQS for Pl (last revised in 2012)cludes both a 2hourstandard to protect against
shorttermeffects, and an annual standl to protect againsongtermeffects. The annual averadPM 5
concentration must not exceed @ ghicrograns per cubigneter(ug/im®) based on the annual mean
concentration averaged over three yeanslthe 24hr average concentrati must not exceed 35 ug?
based on the 98ercentile 24hour average conctration averaged over three yeadviare information is
available ahttps://www.epa.gov/prapollution/settingandreviewing-standardsontrolparticulate
matterpm-pollution#standardsThe standards foPM,sare shavn in Table 22.

Table 2-2. PM2s Standards

Microgr ams Per Cubic Meter: 1997 2006 2012
Measurement- (ug/m°)
Annual Average 15.0 15.0 12.0

24-Hour Averag 65 35 35

2.2 Ambient Air Quality Monitoring in the United States

2.2.1 Monitoring Networks

The Clean Air Acf(Section 319)equiresestablishment of an air quality monitoring system throughout
the U.S.Themonitoring stations in this network have bemlled theState and Local Air Monitoring
Stationg(SLAMS). The SLAVIS network consists of apprasately 4,000monitoring sitesset up and
operated by state and local air pollution agencies according to specifications prescribed by EPA for
monitoring metleds and network desigAll ambient monitoring networks selected for use in SLAMS are
testedperiodically toassess thquality of the SLAMS data beingroduced. Measurenent accuacy and
precsion are esthated for both autoated andnanualmethods. Théndividual resits of these tests for
eachmethod oranalyzer are reported to EPRhen, EPA calculates quarterhtegrated estnates of
precsion and accuracy for the SLAMS data.

The SLAMS network experienced accelerated growtbughout thel970s. Tle networks were further
expanded in 199Based on the establishment of separate NAAQS8rferparticles (PMs) in 1997. The

NAAQS for PMbs were establisheddased on their link teerious health prolies ranging from increased
symptoms, hospital achissons, and eergency roonvisits, to prenaturedeath in people with heart or

lung diseaseWhile most of themonitors in these networks are located in populated areas of the country,
Abagcd&undo mmamitbrs arelamapbrtant part of these networkBor more infamation on

SLAMS,as well as EPAG6s ot herhttpsi/www.eapa.gov/dnmiic i hg net wo

In 2009, approximately 43 percent of the US population was living within 10 kilometers of ozone and
PMz s monitoring sites. In terms of US Census Bureau tract locations, 31,341 out of 72,283 census tract
centroids were within 10 kilometers of 0zone monitoring sites. Highly populated Eastern US and
California coasts are well covered by both ozone andsPhbnitoring network Eigure 2-1).


https://www.epa.gov/pm-pollution/setting-and-reviewing-standards-control-particulate-matter-pm-pollution#standards
https://www.epa.gov/pm-pollution/setting-and-reviewing-standards-control-particulate-matter-pm-pollution#standards
https://www.epa.gov/amtic

Distance to the Nearest Ozone Monito
®  41-10,000 meters
* 10,001 - 25,000 meters
© 25,001 - 50,000 meters
50,001 - 75,000 meters
© 75,001 - 100,000 meters
* 100,001 - 150,000 meters
* 150,001 - 333,252 meters

®  41-10,000 meters

* 10,001 - 25,000 meters

+ 25,001 - 50,000 meters
50,001 - 75,000 meters

© 75,001 - 100,000 meters

* 100,001 - 150,000 meters

* 150,001 - 333,252 meters -

Figure 2-1. Distances from US Census Tract centroids to the nearest monitoring site, 2009



In sunmmary, state ancbkal agecies and tribesmplement a qualityassurednonitoring network to
measure air quality acrofise United States. EPA providgsidance tensure a through understanding
of the quality of the data praded by these networks. Thewenitoring data have beearsed to
characterize the status of thatioris air quality andhe trends across the U(See
https://www.epa.gov/aitrends.

2.2.2Air Quality SystemDatabase

E P A AirQuality System (AQS) database contaiasbient airmonitoringdata collectedy EPA, state,
local, and tibal air pollution control agencies fromthousands ofmonitoring stations. AQS also contains
meteaological data, descriptive infanation about eachonitoring station (inclding itsgeographic
location andts operabr), and data gplity assurance and quality control infoation.Stateand local
agencies areequired to sulmit their air gulity monitoring data into AQSwithin 90 daydollowing the

end of thequarter in which the data werellected. This ensuresntiely submission of these data for use
by state, local,andr i bal agenci es, EP e ofAmQdality Plamningand | i c .
Standards and other AQS users rely upon the data in AQSSéss air quality, assin compliance with
the NAAQS evaluate S¥s, peform modeling for pemit review analysisand perfornother air quality
managenentfunctions. For more deta#, including how to retrieve data, gortips://www.epa.gov/aqgs

2.2.3Advantages and lmitations of the Ar Quality Monitoring and Reporting Sytem

Air quality data is required tassess public health outoes that are affected by poor air quality. The
challenge is toget surrogates for air gplity on time and spatial scales that aseful for Envirormental
PublicHealthTracking actvities.

The advantage of usingrévient data fronEPA monitoring networks for eoparing with health outaoes
is that theseneasurenentsof pollutionconcentrations aréé best characterization of the concentration of
a given pllutant at a given the andocation. Furthemore, the data are suppadtby a conprehensive
quality assurance prognma, ensuring data of known quality. One disadvantagesioig the ebient data
is that it is usually out of spatial andrtgoral alignment withhealth outcanes.This spatial andemporal
dmisalignme n tet@veeb air qality monitoring data and health outoes is influenced by the following
key factors: e living and/or working location@nicroenvironments) where a person spends theg tiot
being celocated with an ia quality monitor; time(s)/dateg) when a patient experiences a health
outcane/symptom (e.g., astina attack) not coinciding withrtie(s)/date(s) when an air qualityonitor
records ambient concentrations apollutant high enough to affect thensgtom (e.g., astina attack
either during or shortly after a high B¥day). To conpare/correlaterabient concatrations withacute
health éfects, daily local air quality data ieeded Spatial gaps &ist in the air qualitymonitoring
network, especially in rural areasnce the air qualitynonitoring network is degned to focus on
measurenent of pollutant concentrations in high population density areaspdral limits also exist.
Hourly ozone measurements are aggregated to daily values (the dailyhrax@seragés relevant to
the ozone standardPzone igypically monitoredduring the ozoneeason (the wamer months,
approximately April through October). However, ydang data isavailable in many areas and is
extremely useful to evaluate whether ozone isetdr in health outeues during the noizone seasons.
PM_sis generally measured yeaound. Most Federal Reference Method (FRM):BiVonitors collect
dataone day in every thredays,due in part to the tne and costsvolved in collecting andnalyang the

SEPA uses exposure modelsstealuate the health risks and environmental effects associated with exposure. These models
are limited by the availability of air quality estimatéstps://www.epa.gov/technicalair-pollution-resources


https://www.epa.gov/air-trends
https://www.epa.gov/aqs

samples. However, over the past several yearginuousnonitors, which canuomatically collect,

analyze, and report PMmeasurenents on an hourly basis, have been introdu€khdse monitorsra
available inmost of themajor metropolitan aras Some of these continuous monitors have been
determined to be equivalent to the FRM monitors for regulatory purposes and are called FEM (Federal
Equivalent Methods).

2.2.4 Use of Air Quality Monitoring Dta
Air quality monitoring data has been ugedrovide the iformationfor thefollowing situations:

(1) Assessig effectiveness of SIPs in addressing NAAQS nonatt@nt areas
(2) Characterizing local, state, angtiaonal air quality status and trends
(3) Associating health and envimental danage with air giality levels/concentations

For the EPHT effort, EPA is providing air qualitytd to support efforts associatadth (2), and (3)
above. Data supporting (3) is generated by EPA through the use of its air quality datalamwhstsaler
mockl.

Most studies that associate air quality with health oates use aimonitoring as a surrogate for exposure
to the air pollutants being investigated. Many studies have usetbtiitoring networks operated by
state and federal agencies.n®ostudie performspecialmonitoring that can better represeaposureo

the air pollutants: comunity monitoring, near residences,-lhlouse or work placmonitoring, and
personamonitoring. For the EPHT progma specialmonitoring is generally not supportetipugh it

could be used oa caseby-case basis.

From proximity based exposure estimates to statistical interpolation, many approaches are developed for
estimating exposures to air pollutants using ambient monitoring data (Jerrett et al., 2005). [@ependin
upon the approach and the spatial and temporal distribution of ambient monitoring data, exposure
estimates to air pollutants may vary greatly in areas further apart from monitors (Bravo et al., 2012).
Factors like limited temporal coverage (i.e., Rvhonitors do not operate continuously such as recording
every third day or ozone monitors operate only certain part of the year) and limited spatial coverage (i. e.,
most monitors are located in urban areas and rural coverage is limited) hinder thefiibst of the
interpolation techniques that use monitoring data alone as the input. If we look at the example of Voronoi
Neighbor Averaging (VNA) (referred as the Nearest Neighbor Averaging in most literature), rural
estimates would be biased towardsuhgan estimates. To further explain this point, assume the scenario
of two cities with monitors and no monitors in the rural areas between, which is very plausible. Since
exposure estimates are guaranteed to be within the range of monitors in VNAtessfon the rural areas
would be higher according to this scenario.

Air quality models may overcome some of the limitations that monitoring networks possess. Models such
as the Community MukBcale Air Quality (CMAQ) modeling systems can estimate eptrations in

reasonable temporal and spatial resolutions. However, these sophisticated air quality models are prone to
systematic biases since they depend upon so many variables (i.e., metrological models and emission
models) and complex chemical and pghgbkprocess simulations.

Combining monitoring data with air quality models (via fusion or regression) may provide the best results

10



in terms of estimating ambient air concentrations in space andHreA 6 s  ©d@s\aiNeXample of an
earlier approach famerging air quality monitor data with CMAQ model predictions. The downscaler

model attempts to address some of the shortcomings in these earlier attempts to statistically combine

monitor and model predicted data, see published paper referenced in &dotionore information about
the downscaler modeAs discussed in the next sectidmette are twaenethods used iEPHT to provide
estmates of abient concentrations of air pollutants: air qualttgnitoring data and théownscaler
modelestimate, whiclis a sttisticd  mbination 6 aipdiality monitor data angghotochemicadir
guality modelpredictions (e.g., CMAQ)

2.3 Air Qualy Indicaors Devioped for the EPHT Neork

Air quality indicators have been developed for use in the Envieotal Pblic Health Tracking Network
by CDC using the ozone and RPMata from EPA. The approach usedidésfi i patbrs ¢nto two
categories. First, basic air qualityneasures were developed tovgare air gality levels overspace and
time within apublic health context (e.g., using ti¢AAQS as a benchark). Next, indicators were
developed thatathematically link air quality data to public health tracking data (e.g., daip B levels
and hospitalization data for acutgyocardial infarction). Table-3 and Table 24 describe the issues
impacting calculation dbasic air qualityndicators.

Table 2-2. Public Health Surveillance Goals and Current Status

Goal Status
Air data sets and metadata required for air quality AQS data are available t
indicatorsare available to EPHT state Grantees. Air Quality System (AQS). EPA and CDC developed

interagency agreement, where EPA provides air qual
data along with statistically combined AQS and
CommunityMultiscale Air Quality (CMAQ) Model
data, associated metadata, and technical reports that]
delivered to CDC.

Estimate the linkage or association of R}nd ozone on| Regular discussions have been held on heaitlinked
health to:ldentify populations that may have higher risk| indicators and CDC/HFI/EPA convened a workshop

of adverse health effectitie to PMsand ozone, January2008. CDC has collaborated on a health impa
assessment (HIA) with Emory University, EPA, and
Generate hypothesis for further research, and state grantees that can be used to facilitate greater

o ) ) | understanding of these linkages.
Provide information to support prevention and pollutior|

control strategies.

Produce and disseminate basic indicators and other | Templ at es and fi hganddzané ¢
findings in electrord and print formats to provide the have been deveped for routine indicators. Calculation
public, environmental health professionals, and techniques and presentations for the indicators have
policymakers, with current and easyuse information developed.

about air pollution and the impact on public health.

6S+b! A& RSAONAROGSR Ay (GKS awS3dzZ I G§2NEB L Y LASIR0500%, Mdrch & A &
2005, Appendix F.
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Table 2-3. Basic Air Quality Indicators used in EPHT, derived from the EPA data delivered to
CDC

Ozone (daily8-hr period with maximum concentrati®mppnd by Federal Reference Method (FRM))

1 Number of days with maximum ozone concentration over the NAAQS (or other relevant benchmarks (by
and MSA)

1 Number of persordays with maximum 8ir average ozone concentiah over the NAAQS & other relevant
benchmarks (by county and MSA)

PM. s(daily 24-hr integrated samplésig/n?-by FRM)

1 Average ambient concentrations of particulate matter (< 2.5 microns in diameter) and compared to annu
PMesNAAQS (by state).

% popuation exceeding annual PMNAAQS (by state).

% of days with Pbkconcentration over the daily NAAQS (or other relevant benchmarks (by county and M
Number of persordays with PMsconcentration over the daily NAAQS & other relevant benchmarks (by
county and MSA)

EEE]

2.3.1 Rationale for the Air Quality Indcators

The CDC EPHT Network is initially focusing on ozone &d. s. These air quality indicators are based
mainly around the NAAQS health findings and progfaasedneasuresrfieasurenent, data ad analyis
methodologis). The indicators will abw comparisons across space anddifor EPHT actionsThey are
in the contat of healh-basedenchmarks. By bringing population into theeasures, they rgfly
distinguish between potential exposurdsfaad scale).

2.3.2 Air Quality Data Sources

The air quality data will be auable in the US EPA Air Quality Stem(AQS) database based on the
state/federaliaprograndb s dat a col |l ecti on and pr exberari ng.
pollution data collectely EPA, state, loa, and tibal air pollution @mntrol agencies fronthousands of
monitoring stations (SLAMS).

2.3.3 Use of Air Quality Indicabrs for Public Heath Practice

The basic indicators will be used to inmfopolicymakers ad the public regarding the degree of hazard
within a state andcrossstates (national)-or exanple, the nmber of days per yeardhozone is above
the NAAQS can be used tmmmunicate to sensitive populations (such asvatbs) the nmber of days
thattheymay beexposed to unhealthy levels of ozone. This is theedavel used in the Air Quality
Alerts that informthese sensitive populations when and how tagedheir eposure. Thse indicators,
however, are not a swgatemeasure of exposuraetherefore will note linked with health data.
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3.0 Emissions Data

3.1 Introduction to Emissions Data Development

The U.S. Environmental Protection Agency (EPA) developed an air quality modeling platform based
primarily on the 2014 National Emissioms/éntory (NEI), Version 1 to process year 2014 emission data

for this project. This section provides a summary of the emissions inventory and emissions modeling
techniques applied to Criteria Air Pollutants (CAPs) and the following select Hazardousliiafts|

(HAPS) included in the modeling platform: chlorine (Cl), hydrogen chloride (HCI), benzene,

acetaldehyde, formaldehyde, napthalene and methanol. This section also describes the approach and dat;
used to produce emissions inputs to the air qualitgehd he air quality modeling, meteorological inputs

and boundary conditions are described in a separate section.

The Community Multiscale Air Quality (CMAQ) modéitfp://www.epa.gov/AMD/CMAQ) was used to
model ozone (&) and particulate matter (PM) for this project. CMAQ requires hourly and gridded
emissions of the following inventory pollutants: carbon monoxide (CO), nitrogen oxided, (\Watile
organic compounds (VOC), sulfur dioxide (§CammoniallHs), particulate matter less than or equal to
10 microns (PMo), and individual component species for particulate matter less than or equal to 2.5
microns (PM:s). In addition, the Carbon bond version 6 (CB6) with chlorine chemistry used here within
CMAQ allows for explicit treatment of the VOC HAPs naphthalene, benzene, acetaldehyde,
formaldehyde and methanol (NBAFM) and includes anthropogenic HAP emissions of HCl and CI.

The effort to create the 2014 emission inputs for this study included develogneemssion inventories

for input to a 2014 modeling case, along with application of emissions modeling tools to convert the
inventories into the format and resolution needed by CMAQ. -gpecific fire and continuous emission
monitoring (CEM) data for etgric generating units (EGUs) were used. The primary emissions modeling
tool used to create the CMAQ modehdy emissions was the Sparse Matrix Operator Kernel Emissions
(SMOKE) modeling system. SMOKE version 4.5 was used to create GMA@Y emissionslés for a

12-km national grid. Additional information about SMOKE is available from
http://cmascenter.org/smake

This chapter contains two additional sections. Section 3.2 describes the inventories $\0i<g and
the ancillary files used along with the emission inventories. Section 3.3 describes the emissions modeling
performed to convert the inventories into the format and resolution needed by CMAQ.

3.2 Emission Inventories and Approaches

This sectiordescribes the emissions inventories created for input to SMOKE. The 2014 NEI, version 1
with some updates is the primary basis for the inputs to SMOKE. The NEI includes five main data
categories: a) nonpoint (f or pointsbucesccarohraadlmobilet at i
sources; d) onroad mobile sources; and e) fires. For CAPs, the NEI data are largely compiled from data
submitted by state, local and tribal (S/L/T) agencies. HAP emissions data are often augmented by EPA
when they are notoluntarily submitted to the NEI by S/L/T agencies. The NEI was compiled using the
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Emissions Inventory System (EIS). EIS includes hundreds of automated QA checks to improve data
guality, and it also supports release point (stack) coordinates sep&matefacility coordinates. EPA
collaboration with S/L/T agencies helped prevent duplication between point and nonpoint source
categories such as industrial boilers. The 2014 NEI Technical Support Document is available at
https://www.epa.gov/aiemissionsnventories/2014ationalemissionsnventoryneirtechnicalsupport
documenttsd (EPA, 2016).

Point source data for thy@ar 2014 as submitted to EIS were used for this study. EPA used the
SMARTFIRE2 system to develop 2014 fire emissions. SMARTFIREZ2 categorizes all fires as either
prescribed burning or wildfire categories, and includes improved emission factor estongtescribed
burning. Onroad and nonroad mobile source emissions for year 2014 were developed using
MOVES2014a. Canadian emissions reflect year 2013 and Mexican emissions reflect year 2014.

The methods used to process emissions for this study arasimilt o t hose documented
7, 2014 Emissions Modeling Platform that was also used for the preliminary version of the 2014 National
Air Toxics Assessment (NATA), with the exception that many fewer HAPs are included in this platform.

A technial support document (TSD) for the 2014v7 platform is availablehigys://www.epa.qgov/air
emissionsmodeling/2014version70-technicalsupportdoaumenttsd (EPA, 2017a) and includes

additional details regarding the data preparation and emissions modeling with the exception of the HAP
speciation.

The emissions modeling process, performed using SMOKE v4.5, apportions the emissions inventories
into the grid cells used by CMAQ and temporalizes the emissions into hourly values. In addition, the
pollutants in the inventories (e.g., NOx, PM and VOC) are split into the chemical species needed by
CMAQ. For the purposes of preparing the CMAGady emissins, the NEI emissions inventories by

data category are split into emissions modeling
the NEI are added, such as the Canadian, Mexican, and offshore inventories. Emissions sectors within the
emissims modeling platform are separated out from each other when the emissions for that sector are run
through all of the SMOKE programs, except the final merge, independently from emissions in the other
sectors. The final merge program called Mrggrid comhbinesectoispecific gridded, speciated and
temporalized emissions to create the final CMAQdy emissions inputs. Biogenic emissions are

computed and used by CMAQ as it runs.

Table 31 presents the sectors in the emissions modeling platform used topltheslyear 2014

emissions for this project. The sector abbreviations are provided in italics; these abbreviations are used in
the SMOKE modeling scripts, the inventory file names, and throughout the remainder of this section.
Annual 2014 emission summasitor the U.S. anthropogenic sectors are shown in TablIf.8.,

biogenic emissions are excluded). Tabié @rovides a summary of emissions for the anthropogenic

sectors containing Canadian, Mexican and offshore sources. State total emissionsdecteaciie
provided in Appendi x B, a workbook entitled AAp
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Table 3-1. Platform Sectors Used in the Emissions Modeling Process

2014 Platform Sector(Abbrev

EGUs ptegu)

Point source oil and gas
(pt_oilgas)

Remaining nofEGU point
(ptnonipm)

Point source firegfire)

Point Source agricultural fires
(ptagfire)

Agricultural @g)

Area fugitive dustdfdust_ad)

Biogenic peiy

C1 and C2 commercial marine
(cmv_clc?

C3 commercial marinecfnv_c3

Remaining nonpointEnp)

NEI Categor

Point

Point

Point

Fires

Nonpoint

Nonpoint

Nonpoint

Nonpoint

Nonpoint

Nonpoint

Nonpoint

Description and resolution of the datamput to SMOKE
2014 point source EGUs. Replaced with hourly 2014
Continuous Emissions Monitoring System (CEMS) value
for NOX and SO2, where the units are matched to the N
Emissions for all sources not matched to CEMS data co
from 2014NEIv1. Annual resolution for sources not
matched to CEMS data, hourly for CEMS sources
2014NEIv1 point sources that include oil and gas
production emissions processes based on facilities with
following NAICS: 211* (Oil and Gas Extraction), 213111
(Drilling Oil and Gas Wells) 213112 (Support Activities fc
Oil and Gas Operations), 4861* (Pipeline Transportation
Crude Oil), 4862* (Pipeline Transportation of Natural Ga
Includes U.S. offshore oil pduction. Annual resolution.

All 2014NEIv1 point source records not matched to the
ptegu or pt_oilgas sectors. Includes all aircraft and airpc
ground support emissioragd some rail yard emissions.
Annual resaltion.

Point source dagpecific wildfires and prescribed fires for
2014 computed using SMARTFIRE 2. Fires over 20,000
acres on a single day allocated to overlapping grid cells.

Agricultural fire sources that were developed by EPA as
point and dayspecific emissions; they were put into the
nonpoint data category of the NEI, but in the platform, th
are treated as point sources.

Ammonia emis®ns from 2014NEIv2 nonpoint livestock
and 2014NElIv1 fertilizer application; county and annual
resolution.

PMio and PM s fugitive dust sources from the 2014NEIv1
nonpoint inventory; including building constructiomad
construction, agricultural dust, and road dust. The
emissions modeling adjustment applies a transport fract
and a meteorologpased (precipitation and snow/ice cove
zeroout. County and annual resolution.

Biogenicemissions were left out of the CMAady
merged emissions, in favor of inline biogenics produced
during the CMAQ model run itself.

2014NEIv1 Category 1 (C1) and Category 2 (C2),
commercial marine vessel (Kl emissions. County and
annual resolution.

Within state waters, 2014NEIv1 Category 3 commercial
marine vessel (CMV) emissions. Outside of state waters
emissions are based on the Emissions Control Area (EC
inventay. Point (to allow for plume rise) and annual
resolution.

2014NEIv1 nonpoint sources not included in other platfo
sectors with adjustments to remove chromium from fugit
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NEI Categor

Nonpoint source oil and gas

(np_oilgas) Nonpoint
Locomotive (ail) Nonpoint
Residential Wood Combustion .
Nonpoint
(rwc)
Nonroad fionroad Nonroad
Onroad ¢nroad Onroad
Onroad California Onroad

(onroad_ca_adj

Onroad Canada(iroad_ca Non-US

Onroad Mexicognroad_mex  Non-US

Other area fugitive dust source Non-US

Description and resolution of the datamput to SMOKE

dust categories (paved and unpaved roadsstaaction and
crops and livestock). County and annual resolution.

2014NEIv1 nonpoint sources from oil and gakated
processes with specific adjustment in four unitah basin
counties in Utah to correBPA augmented benzene,
toluene, ethylbenzene and xylenes. County and annual
resolution.

Rail locomotives emissions from the 2014NENMIounty
and annual resolution.

2014NEIv1 nonpait sources with residential wood
combustion (RWC) processes. County and annual
resolution.

2014NEIv1 nonroad equipment emissions developed wi
the MOVES2014a using NONROAD2008 version NR0O8
and new HAP emission factors than teeeén used in the
2011NEIl. MOVES was used for all states except
California, which submitted their own emissions for the
2014NEIv1. County and monthly resolution.

2014 onroad mobile source gasoline and diesel vehicles
from parkinglots and moving vehicles. Includes the
following modes: exhaust, extended idle, auxiliary powe!
units, evaporative, permeation, refueling, and brake and
wear. For all states except California, developed using
winter and summer MOVES emission facttables
produced by MOVES2014a.

2014 Californiaprovided CAP and metal HAP onroad
mobile source gasoline and diesel vehicles from parking
and moving vehicles based on Emission Factor (EMFAC
gridded and teporalized using MOVES2014a. Volatile
organic compound (VOC) HAP emissions derived from
Californiaprovided VOC emissions and MOVHfased
speciation.

Monthly year 2013 Canada (province resolution) onroad
mobile inventory.

Monthly year 2014 Mexico (municipio resolution) onroad
mobile inventory.

Area fugitive dust sources from Canada 2013 inventory
with transport fraction and snow/ice adjustmentsellaon
2014 meteorological data. Annual and province resoluti
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2014 Platform Sector(Abbrev

Other nonpoint and nonroad
(othar)

Other point sources not from th
NEI (othp)

Point fires in Mexico and
Canada (ptfire_mxca)

NEI Categor

NonUS

NonUS

NonUS

Description and resolution of the datamput to SMOKE

Year 2013 Canada (province resolution) and projected y
2014 Mexico (municipio resolution) nonpoint and nonroe
mobile inventories, annual resabn.

Point sources from Canada
point sources projected to 2014. Annual resolution.

Point source dagpecific wildfiresand prescribed fires for
2014 provided by Environment Canada with data for
missing months and for Mexico filled in using fires from t
Fire INventory (FINN) from National Center for
Atmospheric Research (NCAR) fires (NCAR, 2016 and
Wiedinmyer, C., 2011).
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Table 32.2014 Continental United States Emissions by Sector (tons/yr in 48 states + D.C.)

Sector CO NH3 NOx PM1o
afdust_adj 6,991,664
ag 2,867,904
cmv_clc2 44,808 109 227,954 5,978
cmv_c3 11,300 28 112,333 4,221
nonpt 2,894,351 114,049 794,416 712,611
np_oilgas 820,021 15 793,601 20,628
nonroad 12,425,532 2,244 1,392,082 140,863
onroad 21,548,865 103,333 4,622,945 307,113
ptagfire 426,253 55,639 12,897 69,528
ptfire 16,949,926 273,912 246,873 1,746,224
ptegu 735,826 25,933 1,758,567 236,027
ptnonipm 2,055,540 64,809 1,193,886 525,313
pt_oilgas 190,142 333 398,535 11,652
rail 119,252 364 779,801 25,094
rwc 2,156,051 16,221 32,174 333,219
Continental
U.S. 60,377,867 3,524,893 12,366,065 11,130,134

PM2.s SOz VOC
975,147
5,737 3,387 4,488
3,809 38,721 5,248
569,249 300,871 3,571,099
20,196 37,794 3,104,473
133,362 3,163 1,630,321
157,997 28,324 2,170,529
49,398 3,870 25,816
1,481,934 130,085 3,921,240
183,029 3,241,498 35,523
292,816 880,822 828,083
11,165 43,576 132,875
23,166 6,986 39,857
332,700 8,087 351,696
4,239,702 4,727,182 15,821,249

Table 33.2014 NorUS Emissions by Sector within Modeling Domain (tons/yr for Canada, Mexico,

Sector
Canada othafdust
Canada othar
Canada onroad_can
Canada othpt
Canada ptfire_mxca
Canada Subtotal
Mexico othar
Mexico onroad_mex
Mexico othpt
Mexico ptfire_mxca
Mexico Subtotal
Offshore to EEZ
NonUS SECA C3
2014 Total norU.S.

Offshore)
6{0) NH3 NOx PMio
1,725,731
2,809,336 496,889 615,888 414,236
2,105,867 8,446 474,813 28,204
1,102,908 17,323 646,981 91,095
6,701,372 4574 150,552 730,230
12,719,483 527,233 1,888,235 2,989,497
232,017 206,491 212,636 114,414
1,823,639 2,660 432,368 14,716
188,253 4,669 465,960 72,872
251,658 4,875 11,048 29,482
2,495,567 218,695 1,122,012 231,483
109,269 183 873,194 26,989
32,807 0 386,133 32,865
15,357,126 746,111

o\ PY SO, VOC
338,480
228,545 62,379 1,101,710
21,474 1,593 191,505
47,323 999,891 782,440
618,866 66,034 1,629,916
1,254,688 1,129,897 3,705,570
53,378 7,628 503,968
10,649 5,849 158,524
57,479 543,591 66,392
24,900 1,813 86,215
146,406 558,882 815,100
25,142 148,445 27,864
30,234 243,088 13,904

4,269,573 3,280,833 1,456,471 2,080,312 4,562,438
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3.2.1 Point Sources ftegu pt_oilgasand ptnonipmn)

Point sources are souscef emissions for which specific geographic coordinates (e.g., latitude/longitude)
are specified, as in the case of an individual facility. A facility may have multiple emission release points
that may be characterized as units such as boilers, reagiag,booths, kilns, etc. A unit may have

multiple processes (e.g., a boiler that sometimes burns residual oil and sometimes burns natural gas).
With a couple of minor exceptions, this section describes only NEI point sources within the contiguous
U.S. The offshore oil platformpt_oilgassector)and category 3 CMV emissiofemv_c3sectoj are

processed by SMOKE as point source invensoaied areliscussed latan thissection A complete NEI

is developed every three years, wathil4being the mostecently finished complete NEA

comprehensive description about the development of the 2014NEIv1 is available in the 2014NEIvl TSD
(EPA, 2016).

In preparation for modeling, the complete set of point sources in the NEI was exported from EIS into the
Flat File 2010 (FF10) format that is compatible with SMOKE (see
https://www.cmascenter.org/smoke/documentation/4.0/html/ch08s02s08antinivas then split into

seveal sectors for modeling. After moving offshore oil platforms into the othpt sector, and dropping
sources without specific locations (i.e., the FIPS code ends in 777), initial versions of inventories for the
other three point source sectors were created the remaining 2014 point sources. The point sectors

are: EGUs (ptegu), point source oil and gas extracttated sources (pt_oilgas) and the remaining non
EGUs (ptnonipm). The EGU emissions are split out from the other sources to facilitate thdisseabf
SMOKE temporal processing and futtyear projection techniques. The oil and gas sector emissions
(pt_oilgas) were processed separately for summary tracking purposes and distingtefatymejection
techniques from the remaining r&GU emisgns (ptnonipm).

The inventory pollutants processed through SMOKE for both the ptipm and ptnonipm sectors were: CO,
NOX, VOC, SO2, NH3, PM10, and PM2.5 and the following HAPs: HCI (pollutant code = 7647010),
and Cl (code = 7782505). NBAFM pollutantsrn the point sectors were not utilized because VOC was
speciated without the use (i.e., integration) of VOC HAP pollutants from the inventory.

The ptnonipm and pt_oilgas sector emissions were provided to SMOKE as annual emissions. For sources
in the pteg sector that could be matchedt@l4 CEMS data, hourly CEMS NKand SQ emissions for

2014f r om EPAOGs Aci d Rain Program wer e polstenthe.g.,at her
VOC, PM s, HCI), annual emissions were usediga$rom the NEIbut were allocated to hourly values

using heat input from the CEMS data. For the unmatched units in the ptegu sector, annual emissions wer
allocated to daily values using IPM regi@nd pollutantspecific profiles, and similarly, regieand
pollutantspecific diurnal profiles were applied to create hourly emissions.

Thenon-EGU stationarypoint source(ptnonipm)emissionsvereinputto SMOKE as annuamissions.
The full description of how the NEI emissions were developed is provided in the NEI ddetiore but
a brief summary of their developmdaliows:

a. CAP andHAP datawere providedy States, locals and tribes under #ie Emissions Reporting
Rule(AERR)

b. EPA corrected known issues and filled PM data gaps.

c. EPA addeHAP datafrom theToxic Releasdnventory(TRI) wherecorresponding dataas not
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alreadyprovided by states/locals.
d. EPA provided data for airports and rail yards.
e. Off-shore platforndatawereaddedrom the Bureau of Ocean Energy Managem@®EM).

Thechangesnadeto the NEI point sources prioto modelingwith SMOKEareas follows:

1 Thetribal data,whichdo notuse state/countiyederal InformatiofProcessing Standar@sIPS)
codesn the NEI, butratheruse thdribal code wereassigned state/countiFIPS codef 88XXX,
wherexXXX is the 3-digit tribal codein theNEI. Thischangenvas made becauSMOKE requires
all sources to havestate/countyIPS code.

1 Sources that did not have specific counties assigned (i.e., the county code ends in 777) were not
included in the modelingecause it was only possible to know the state in which the sources
resided, but no more specific details related to the location of the sources were available.

1 Stackparameteror pointsourcesnissing this informationverefilled in prior tomodelingin
SMOKE.

Each of the point sectors is processed separately through SMOKE as described in the following
subsections.

3.2.1.1EGU sector (ptegy

The ptegu sector contains emissions from EGUSs in the 2014 point source inventory that could be matched
to unitsfound in the National Electric Energy Database System (NEEDS) v5.16 that is used by the
Integrated Planning Model (IPM) to develop future year EGU emissions. It was necessary to put these
EGUs into a separate sector in the platform because EGUs userditeanporal profiles than other

sources in the point sector and it is useful to segregate these emissions from the rest of the point sources
to facilitate summaries of the data. Sources not matched to units found in NEEDS are placed into the
pt_oilgas omptnonipm sectors. For studies with future year cases, the sources in the ptegu sector are fully
replaced with the emissions output from IPM. It is therefore important that the matching between the NEI
and NEEDS database be as complete as possible babaus can be doubt®unting of emissions in

future year modeling scenarios if emissions for units are projected by IPM are not properly matched to the
units in the point source inventory.

Some units in the ptegu sector are matched to CEMS data viaf@iRiy codes and boiler ID. For these
units, SMOKE replaces the emissions of NOX and SO2 with the CEMS emissions, thereby ignoring the
annual values specified in the point source inventory. For other pollutants, the hourly CEMS heat input
data are usetb allocate the ptegu inventory annual emissions to hourly values. All stack parameters,
stack locations, and SCC codes for these sources come from the point source inventory. Because these
attributes are obtained from the inventory, the chemical spetiat VOC and PM2.5 for the sources is
selected based on the SCC or in some cases, based-epagiiic data. If CEMS data exists for a unit,

but the unit is not matched to the inventory, the CEMS data for that unit is not used in the modeling
platform However, if the source exists in the inventory and is not matched to a CEMS unit, the emissions
from that source would be modeled using the annual emission value in the inventory and would be
allocated to daily values using regipfuel and pollutanispecific average profiles. EIS stores many
matches from EIS units to the ORIS facility codes and boiler IDs used to reference the CEMS data. Some
additional matches were made at the release point level in the emissions modeling platform.
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For sources nanatched to CEMS data, daily emissions were computed from the NEI annual emissions
using average CEMS data profiles specific to fuel type, polltantNQ,, SO, and other)and IPM

region. Note that pollutants other tHd@y, SO are allocated basemh heat input. To allocate emissions

to each hour of the day, diurnal profiles were created using average CEMS data for heat input specific to
fuel type and IPM regionSources identified as municipal waste combustors asggoeration units were
temporaly allocated using the same emissions for each hour of the year because these sources are
assumed to operate at the same level continuously.

3.2.1.2Point Oil and GasSector(pt_oilgag

The pt_oilgas sector was separated from the ptnonipm sector biyrgpteirces with specific North
American Industry Classification System (NAICS) codes shown in TaBleTBe emissions and other

source characteristics in the pt_oilgas sector are submitted by states, while EPA developed a dataset of
nonpoint oil and gasmissions for each county in the U.S. with oil and gas activity that was available for
states to use. Nonpoint oil and gas emissions can be found in the np_oilgas sector. More information on
the development of the 2014 oil and gas emissions can beifo@adtion 4.16 of the 2014NEIv1l TSD.

The pt_oilgas sector includes emissions from offshore oil platforms.

Table 3-4. Point source oil and gas secdAICS Codes

NAICS | NAICS description
2111| Oil and Gas Extraction
4862| Pipeline Transportation of Natl Gas
21111] Oil and Gas Extraction
48611| Pipeline Transportation of Crude Oll
48621| Pipeline Transportation of Natural Gas
211111| Crude Petroleum and Natural Gas Extraction
211112| Natural Gas Liquid Extraction
213111| Drilling Oil and Ga Wells
213112| Support Activities for Oil and Gas Operations
486110| Pipeline Transportation of Crude Oil
486210| Pipeline Transportation of Natural Gas

3.2.1.3Non-IPM Sector (ptnonipm)

Except for some minor exceptions, the iBM (ptnonipm) gctor contains the point sources that are not
in the ptegu or pt_oilgas sectors. For the most part, the ptnonipm sector reflectsB@Uhsources of

the NEI point inventory; however, it is likely that some {emitting EGUs not matched to the NEEDS
datdase or to CEMS data are in the ptnonipm sector.

The ptnonipm sector contains a small amount of fugitive dust PM emissions from vehicular traffic on
paved or unpaved roads at industrial facilities, coal handling at coal mines, and grain elevatoes Sou
with state/county FIPS code ending with A7770 a
sectors. These sources typically represent mobile (temporary) asphalt plants that are only reported for
some states, and are generally in a fixed loodr only a part of the year and are therefore difficult to
allocate to specific places and days as is needed for modeling. Therefore, these sources are dropped fror
the pointbased sectors in the modeling platform.
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3.22 Day-Specific PointSource Fires(ptfire)

Wildfire and prescribed burning emissions are contained in the ptfire sector. The ptfire sector has emissions
provided at geographic coordinates (point locations) and has daily emissions values. The ptfire sector excludes
agricultural burnig and other open burning sources that are included futeitjiFe sector. Emissions are day
specificand include satelitte r i ved | atitude/l ongitude of the fire
emissions such as acres burned and fad| lwhich allow estimation of plume rise.

The point source dagpecific emission estimates for 2014 fires were developed using SMARTFIRE 2
(Sullivan, et al., 2008), which uses the Nation
Hazard Mappingystem (HMS) fire location information and for 2014 also uses state/local/tribal data as
input. Additional inputs include the CONSUMEV3.0 software application (Joint Fire Science Program,
2009) and the Fuel Characteristic Classification System (FCCSIpadihg database to estimate fire
emissions from wildfires and prescribed burns on a daily basis. The method involves the reconciliation of
ICS-209 reports (Incident Status Summary Reports) and GeoMAC Shapefiles with sadesiitefire

detections to dermine spatial and temporal information about the fires. A functional diagram of the
SMARTFIRE 2 process of reconciling fires with 1@89 reports is available in the documentation

(Raffuse, et al., 2007). Once the fire reconciliation process is cadptae emissions are calculated
using the U.S. Forest Servicedos CONSUMBING. 0O fue
database in the BlueSky Framework (Ottmar, et. al., 2007). More information is available in the
2014NEIv1 TSD.

A difference betwen the fires for this study and those in the NEI is that the proportion of emissions
allocated to flaming versus smoldering SCCs were adjusted. Flaming fractions were calculated for each
fire based on the flaming and smoldering consumption divided kptideconsumption. Smoldering

fractions were calculated by dividing the residual consumption by the total consumption. The fractions
were then applied to the fire emissions in the 2014NEIv1 to obtained revised emissions for the flaming
and smoldering SCC3he total emissions by state were unchanged, but they were reapportioned to the
flaming and smoldering SCCs to facilitate a more realistic plume rise for fires. Washington state
emissions were adjusted according to emissions supplied by the statelyMeithrs of state data to NEI

data by county, SCC, and pollutant were calculated then applied to the existing daily and annual
emissions data in the FF10 for Washington state only.

Large fires of more than 20,000 acres in a single day were split usoigA&C

(https://www.geomac.goyfire shapes, where available, or otherwise using a circle centered on the detect
lat/lon based on 12US2 grid cell overlap. The resulting split fires have emissions and areanggportio

from the original fire into the grid cells based on fraction of area overlap between the fire shape and the
cell. The idea is to prevent all of the emissions from a very large fire from going into a single grid cell,
when in reality the fire emissiongere more dispersed than a single point. The area of each of the
Asubfireso was computed in proportion to the ov
names that were the same as t he or idgasneadéd, but w

The SMOKE-ready inventoryiles createdrom the raw dailyfires containbothCAPs andHAPs.The
BAFM HAP emissiongrom theinventorywereobtained usiny OC speciatiorprofiles(i.e.,afi n-o
integraten o HAPO use case).
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3.2.3Nonpoint Sairces (afdust, agnonpt, np_oilgas rwc)

Several modeling platform sectors were created from the 2014NEIv1 nonpoint inventory. This section
describes thetationarynonpoint sources. Locomotives, C1 and C2 CMV, and C3 CMV are also
included the 2014NEIv nonpoint data category, but are mobile sources and are described in a later
section The 2014NEIv1 TSD includes documentation for the nonpoint data.

The nonpoint tribasubmitted emissions are dropped during spatial processing with SMOKE due to the
corfiguration of the spatial surrogates, which are available by county, but not at the tribal level. In
addition, possible doubleounting with countylevel emissions is prevented. These omissions are not
expected to have an impact on the results of thguaility modeling at the :Rm scales used for this
platform.

In therestof this section,eachof the platform sectorsnto whichthe 2014 nonpointNEI was divideds
describedalong with any data that were updated or replaced witiNteindata

3.23.1 Area Fugitive Dust Sector(afdusi

The areasource fugitive dust (afdust) sector containsiPamhd PM s emission estimates for nonpoint

SCCs identified by EPA staff as dust sources. Categories included in the afdust sector are paved roads,
unpaved eads and airstrips, construction (residential, industrial, road and total), agriculture production,
and mining and quarrying. It does not include fugitive dust from grain elevators, coal handling at coal
mines, or vehicular traffic on paved or unpavedisoat industrial facilities because these are treated as
point sources so they are properly located.

The afdust sector is separated from other nonpo
fraction, 0 and met e ctions. Thase adjastmemsrare applied witraat script thatr e d
applies land usbased gridded transport fractions followed by another script that zeroes out emissions for
days on which at least 0.01 inches of precipitation occurs or there is snow cover @utite ghe land

use data used to reduce the NEI emissions determines the amount of emissions that are subject to
transport. This methodology is discussed in (Pouliot, et al., 2010),
https://www3.epa.gov/ttn/chief/conference/eil9/session9/pouliot prespdfnd i n AFugi ti v
Model ing for the 2008 Emissions Modeling Pl atfo
meteorological adjustments are basedhengridded resolution of the platform (e.g., 12km grid cells);
therefore, different emissions will result if the process were applied to different grid resolutions. A
limitation of the transport fraction approach is the lack of monthly variability tbatdbe expected with
seasonal changes in vegetative cover. While wind speed and direction are not accounted for in the
emissions processing, the hourly variability due to soil moisture, snow cover and precipitation is
accounted for in the subsequent neddogical adjustment.

Where states submitted afdust data, it was assumed that theustaiitted data were not madjusted

and therefore the meteorological adjustments were applied. Thus, if states submitted data that were met
adjusted, these sourcesuld have been adjusted for meteorology twice. Even with that possibility, air
guality modeling shows that, in general, dust is frequently overestimated in the air quality modeling
results.
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3.2.3.2Agricultural AmmoniaSector(ag)

The agricultural NH (ag) sector includes livestock emissions from the 2014NEIv2 nonpoint inventory

and agricultural fertilizer application emissions from the 2014NEIv1 nonpoint inventory. The livestock

and fertilizer emissions in this sector are based only on the SCCsgstaitth 2805 and 2801. The

livestock SCCs are related to beef and dairy cattle, poultry production and waste, swine production, waste
from horses and ponies, and production and waste for sheep, lambs, and goats. The fertilizer SCCs consi:
of 15 specificypesofammonid ased fertili zer and one for misce
includes all of the Nele mi ssi ons from fertilizer from the NEI
all of the livestock NHemissions, as there is a very snaaiount of NH emissions from livestock in the
ptnonipm inventory (as point sources) in California (883 tons; less than 0.5 percent of state total) and
Wisconsin (356 tons; about 1 percent of state total).

The agricultural NHemissions in the NEI are aixrof statesubmitted data and EPA estimates. For

2014, the EPA estimates used new methodologies for both livestock and fertilizer emissions. Livestock
emissions were estimated based on daily emission factors by animal and county from a model developed
by Carnegie Mellon University (CMU) (Pinder, 2004, McQuilling, 2015) and 2012 and 2014 U.S.
Department of Agriculture (USDA) agricultural census data. The annual 2014NEIv1 estimates for
livestock were updated with revised animal counts for 2014NEIv2 aneksulting 2014NEIv2 numbers

for NHzwere used in this study. Although the 2014NEIv2 also includes VOC for livestock, those
emission were not used in this study because the numbers had not yet been fully evaluated. For
California, stateprovided emissiomnwere used for counties and SCCs for which state data were available,
while any countySCC combinations that used EPA data in 2014NEIv1 were updated to use the data from
2014NEIv2. Doublecounts between EPA and California data were removed where dif®C€x for the

same animal type (e.g., beef and swine) were used, with preference given to the California data.

Annual fertilizer emissions were submitted by three states for all or part of the sector as shown in
parentheses: California (68 percentjndis (100 percent) and Georgia (58 percent). The remainder,
estimated by EPA, employed a methodology that uses the bidirection) ylersion of CMAQ and the
Fertilizer Emissions Scenario Tool for CMAQ FEET(v1.2). This is described in Section 4f4he
2014 NEIv1 TSD. These data were used at annual resolution.

3.2.3.3Agricultural fires (ptagfire)

In the NEI, agricultural fires are stored as cougutyual emissions and are part of the nonpoint data
category. For this study agricultural fires axedeled as day specific fires derived from satellite data in a
similar way to the emissions in ptfire, and stptevided agricultural fire data in AZ, CA, FL, GA, HI,

ID, IL, IN, IA, NJ, SC and WA are not used in this study. The first three levels ofipigsns for the

agricultural burning SCCs are: 1) FireAgricultural Field Burning; Miscellaneous Area Sources;

2) Agriculture Production Crops- as nonpoint; and 3) Agricultural Field Burningvhole field set on

fire. The SCC 2801500000 does npeaify the crop type or burn method, while the more specific SCCs
specify field or orchard crops and, in some cases, the specific crop being grown. New agricultural field
burning SCCs were added to the NEI for 2014 to account for grass/pasture busargn¢ayn as
rangeland burning) which is included the agricu
estimation methods were improved from those used in the 2011 NEI and are documented in Section 4.11
of the 2014NEIv1 TSD. Improvements include osenultiple satellite detection database and crop level
land use information.
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3.2.3.4Nonpoint Oil-gasSector(np_oilgag

The nonpoint oil and gas (np_oilgas) sector contains onshore and offshore oil and gas emissions. The
EPA estimated emissions fall counties with 2014 oil and gas activity data with the Oil and Gas Tool,

and many S/L/T agencies also submitted nonpoint oil and gas data. Where S/L/T submitted nonpoint
CAPS but no HAPs, the EPA augmented the HAPs using HAP augmentation factotg &wu8CC

level) created from the Oil and Gas Tool. The types of sources covered include drill rigs, workover rigs,
artificial lift, hydraulic fracturing engines, pneumatic pumps and other devices, storage tanks, flares, truck
loading, compressor enginesd dehydrators.

An error was discovered in the 2014NEIv1 for nonpoint oil and gas emissions of benzene, ethyl benzene,
xylenes and toluene for four counties in the Uinta basin. To compensate for this, emissions from VOC
species were genterated usbasgin specific speciation profiles instead of using the emissions from the
inventory. The updates affected the following SCCs: 2310010200 (Oil Well T&hshing &
Standing/Working/Breathing); 2310011201 (Tank Truck/Railcar Loading: Crude Oil); 23000

(Storage Tanks: Condensate); and 2310021030 (Tank Truck/Railcar Loading: Condensate), and generally
reduced these HAPs from the 2 condenseal@ed SCCs and increased benzene by a factor of 3 forthe

two oil tankrelated SCCs. Overall, the np_osgamissions in Utah in the platform are 31 tons lower for
benzene, 29 tons lower for ethylbenzene, 213 tons lower for toluene, and 335 tons lower for xylenes than
the 2014NEIv1.

3.2.3.5Residential Wood Combustion Sect@wc)

The residential wood combtisn (rwc) sector includes residential wood burning devices such as

fireplaces, fireplaces with inserts (inserts), free standing woodstoves, pellet stoves, outdoor hydronic
heaters (also known as outdoor wood boilers), indoor furnaces, and outdoor bufimamgpts and

chimneas. Free standing woodstoves and inserts are further differentiated into three categories:

1) conventional (not EPA certified); 2) EPA certified, catalytic; and 3) EPA certified, noncatalytic.
Generally speaking, the conventionaltarwere constructed prior to 1988. Units constructed after 1988

have to meet EPA emission standards and they are either catalyticcatabytic. As with the other
nonpoint categories, a mix of S/ L andupdattdA est i m
methodologies for activity data and some changes to emission factors. For more information on the
development of the residential wood combustion emissions, see Section 4.14 of the 2014NEIv1 TSD.

3.2.3.60ther Nonpoint Sources (nonjpt

Stationay nonpoint sources that were not subdivided into the afdust, ag, np_oilgas, or rwc sectors were
assigned to the Anonpto sector. Locomotives an
inventory are described with the mobile sources. The typesiatesoin the nonpt sector include:

i stationary source fuel combustion, including industrial, commercial, and residential and orchard
heaters;

1 chemical manufacturing;

1 industrial processes such as commercial cooking, metal production, mineral processesnpet
refining, wood products, fabricated metals, and refrigeration;

1 solvent utilization for surface coatings such as architectural coatings, auto refinishing, traffic
marking, textile production, furniture finishing, and coating of paper, plastic, ,mapglances,
and motor vehicles;
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1 solvent utilization for degreasing of furniture, metals, auto repair, electronics, and manufacturing;

1 solvent utilization for dry cleaning, graphic arts, plastics, industrial processes, personal care
products, household@ducts, adhesives and sealants;

1 solvent utilization for asphalt application and roofing, and pesticide application;

i storage and transport of petroleum for uses such as portable gas cans, bulk terminals, gasoline
service stations, aviation, and maringsals;

i storage and transport of chemicals;
1 waste disposal, treatment, and recovery via incineration, open burning, landfills, and composting;

1 miscellaneous area sources such as cremation, hospitals, lamp breakage, and automotive repair
shops.

Thenonptsectorincludesemissiorestimategor Portable FueContainer§PFCs), alsk n own as fAga
c a n s . RFC imvientory consists five distinctsources of PFC emissiorigrther distinguishedy

residentiabr commercialise.Thefive sources ardl) displacenentof thevaporwithin thecan; (2)

spillageof gasolinewhile filling the can;(3) spillageof gasolineduringtransport(4) emissionslueto

evaporation (i.ediurnalemissions)and(5) emissionslueto permeation. Notéatspillageandvapor
displacemenassociateavith usingPFCs taefuelnonroadequipmentreincludedin the nonroad

inventor.

3.2.4 BiogenicSources (beis

Biogenic emissions were computed based on the same 14j version of the 2014 meteorology data used for
the air quality modling, and were developed using the Biogenic Emission Inventory System version 3.61
(BEIS3.61) within SMOKE. The BEIS3.61 creates gridded, hourly, msgleties emissions from

vegetation and soils. It estimates CO, VOC (most notably isoprene, terpeésesgniterpene), and NO
emissions for the contiguous U.S. and for portions of Mexico and Canada. In the BEIS 3l&jetwo
canopy model, the layer structure varies with light intensity and solar zenith angle (Pouliot and Bash,
2015). Both layers incluestimates of sunlit and shaded leaf area based on solar zenith angle and light
intensity, direct and diffuse solar radiation, and leaf temperature (Bash et al., 2015). The new algorithm
requires additional meteorological variables over previous versidBEIS. The variables output from

the MeteorologyChemistry Interface Processor (MCIP) that are used to convert WRF outputs to CMAQ
inputs are shown in Table3

Table 3-5. Meteorological variables required by BEIS 3.61

Variable Description

LAI leaf-area index

PRSFC surface pressure

Q2 mixing ratio at 2 m

RC convective precipitation per met TSTEP
RGRND solar rad reaching sfc

RN nonconvective precipitation per met TST
RSTOMI inverse of bulk stomatal resistance
SLYTP soil texture tpe by USDA category
SOIM1 volumetric soil moisture in top cm
SOIT1 soil temperature in top cm
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Variable Description
TEMPG skin temperature at ground
USTAR cell averaged friction velocity
RADYNI inverse of aerodynamic resistance
TEMP2 temperature at 2 m

The BEIS361 was used in conjunction with Version 4.1 of the Biogenic Emissions Landuse Database
(BELDA4.1). The BELD version 4.1 is based on an updated version of the WSPA Forest Inventory

and Analysis (FIA) vegetation speciation based data from 2001 to 28f4te FIA version 5.1.

Canopy coverage is based on the Landsat satellite National Land Cover Database (NLCD) product from
2011. The FIA includes approximately 250,000 representative plots of species fraction data that are within
approximately 75 km of ananother in areas identified as forest by the NLCD canopy coverage. The

2011 NLCD provides land cover information with a native data grid spacing of 30 meters. For land areas
outside the conterminous United States, 500 meter grid spacing land covieordatze Moderate

Resolution Imaging Spectroradiometer (MODIS) is used. BELDv4.1 also incorporates the following:

1 30 meter NASA's Shuttle Radar Topography Mission (SRTM) elevation data
(http://mvww2.jpl.nasa.gov/srtm/) to more accurately define the etmvatinges of the vegetation
species than in previous versions; and

1 2011 30 meter USDA Cropland Data Layer (CDL) data
(http://www.nass.usda.gov/research/Cropland/Release/).

Biogenic emissions computed with BEIS version 3.61 were left out of the GMAG merged
emissions, in favor of inline biogenics produced during the CMAQ model run itself.

3.2.5 Mobile Sources (onroadonroad_ca_adjnonroad,cmv_clc2, cmv_c3rail)

Mobile sources are emissions from vehicles that move and include several seutoasl. Bobile source
emissions result from motorized vehicles that are normally operated on public roadways. These include
passenger cars, motorcycles, minivans, sptility vehicles, lightduty trucks, heawguty trucks, and

buses. Nonroad mobile soge emissions are from vehicles that do not operate on roads such as tractors,
construction equipment, lawnmowers, and recreational marine vessels. All nonroad emissions are treated
as countyspecific lowlevel emissions (i.e., they are released into mtageir 1).

Commercial marine vessel (CMV) emissions are split into two sectors: emissions from Category 1 and
Category 2 vessels are in the cmv_clc2 sector, and emissions from the larger Category 3 vessels are in tl
cmv_c3 sector where they are treaasdgoint sources with plume rise. Locomotive emissions are in the

rail sector. Having the emissions split into these sectors facilitates separating them in summaries and also
allows for the largest vessels to be modeled with plume rise.

3.25.10nroad (orroad)

Onroad mobile sources include emissions from motorized vehicles that are normally operate on public
roadways. These include passenger cars, motorcycles, minivangjtdpppniehicles, lightduty trucks,
heavyduty trucks, and buses. The sourassfurther divided between diesel, gasolin@3:and
compressed natural gas (CNG) vehicles. The sector characterizes emissions from parked vehicle
processes (e.g., starts, hot soak, and extended idle) as well as fnetwork processes (i.e., from

vehicles moving along the roads).
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The onroad SCCs in the modeling platform are more finely resolved than those in the NEI, because the
NEI SCCs distinguish vehicles and fuels, but in the platform they also distinguish between emissions on
roadways, ofinetvork, extended idle, and the various MOVES rgoes. For more details on the

approach and for a summary of the inputs submitted by states, see the section 6.4.1 of the 2014NEIv1l
TSD.

Except for California, onroad emissions are generated using th&EMWDVES interface that leverages
MOVES generated emission factohnstp://www.epa.gov/otag/models/moves/index Jtoounty and
SCGspecific activity data, and hourly meteorological dat’ OBKE-MOVES takes into account the
temperature sensitivity of the @oad emissions. Specifically, EPA used MOVES inputs for
representative counties, vehicle miles traveled (VMT), vehicle population (VPOP), and hoteling hours
data for all counties, alongitl tools that integrated the MOVES model with SMOKE. In this way, it
was possible to take advantage of the gridded hourly temperature data available from meteorological
modeling that are also used for air quality modeling.

SMOKE-MOVES makesuseofei ssi on rate Al ookupo tables gener
emissions by process (i.e., running, start, vapor venting, etc.), vehicle type, road type, temperature, speed
hour of day, etc. To generate the MOVES emission rates that could be agptissithe U.S., EPA used

an automated process to run MOVES to produce year-204eific emission factors by temperature and
speed for a series of Arepresentative counti es,
representative counties for which ission factors are generated are selected according to their state,
elevation, fuels, age distribution, ramp fraction, and inspection and maintenance programs. Each county
is then mapped to a representative county based on its similarity to the repireseataty with respect

to those attributes. For this study, there are 297 representative counties. A detailed discussion of the
representative counties is in the 2014NEIv1l TSD, Section 6.6.2.

Once representative counties have been identified, emissitmns are generated with MOVES for each
representative ¢ ountiyanaanydo represent wirieo moithsyaad Julyi@ nt h s o
represent summer monthslue to the different types of fuels used. SMOKE selects the appropriate
MOVES emissionsates for each county, hourly temperature, SCC, and speed bin and multiplies the
emission rate by appropriate activity data. Ferasdway emissions, vehicle miles travelled (VMT) is

the activity data, vehicle population (VPOP) is used for manyetfivok processes, and hoteling hours

are used to develop emissions for extended idling of combinatiorhuigrucks. These calculations are
done for every county and grid cell in the continental U.S. for each hour of the year.

The SMOKEMOVES process focreating the modelkeady emissions consists of the following steps:

1) Determine which counties will be used to represent other counties in the MOVES runs.
2) Determine which months will be used to repr
3) Create inputs rexled only by MOVES. MOVES requires cowsfyecific information on
vehicle populations, age distributions, and inspeeat@intenance programs for each of the
representative counties.
4) Create inputs needed both by MOVES and by SMOKE, including temperandestivity
data.
5) Run MOVES to create emission factor tables for the temperatures found in each county.
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6) Run SMOKE to apply the emission factors to activity data (VMT, VPOP, and HOTELING) to
calculate emissions based on the gridded hourly temperatutesnmeteorological data.
7) Aggregate the results to the com8¢C level for summaries and quality assurance.

The onroad emissions are processed in four processing streams that are merged together into the onroad
sector emissions after each of the four stieave been processed:

1 rateperdistance (RPDyses VMT as the activity data plus speed and speed profile information to
compute ometwork emissions from exhaust, evaporative, permeation, refueling, and brake and
tire wear processes;

1 ratepervehicle (RR/) uses VPOP activity data to compute-nétwork emissions from exhaust,
evaporative, permeation, and refueling processes;

1 rateperprofile (RPP)uses VPOP activity data to compute-nétwork emissions from
evaporative fuel vapor venting, including lsatak (immediately after a trip) and diurnal (vehicle
parked for a long period) emissions; and

1 rateperhour (RPH)uses hoteling hours activity data to computenatwork emissions for idling
of long-haul trucks from extended idling and auxiliary powet pnocess.

The onroad emissions inputs for the platform are the same as for the emissions in the onroad data categol
of the 2014NEIv1, described in more detail in Sections 6.4 and 6.5 of the 2014NEIv1l TSD. These inputs
are:

MOVES County databases (CDBsluding Low Emission Vehicle (LEV) table
Representative counties

Fuel months

Meteorology

Activity data (VMT, VPOP, speed, HOTELING)

= =4 -4 -4 -9

An additional step was taken for the refueling emissions. Colorado submitted point emissions for
refueling for some amtied. For these counties, the EPA zeroed out the onroad estimates of refueling

(i .e., SCCs =220xxxxx62) so that the statesd po
refueling emissions were zeroed out using the adjustment factor file (CFRIPR®)ovesmrg.

For more detailed information on the methods used to develop the 2014 onroad mobile source emissions
and the input data sets, see Section 6.6 of the 2014NEIv1 TSD.

California is the only state agency for which submitted onroad emissionsigsextén the 2014 NEI v1

and 2014v7.0 platform. California uses their own emission model, EMFAC, which uses emission
inventory codes (EICs) to characterize the emission processes instead of SCCs. The EPA and California
worked together to developacodeprai ng t o better match EMFACGO6s EI
of SCCs that distinguish between-o#twork and ometwork and brake and tire wear emissions. This

detail is needed for modeling but not for the NEI. This code mapping is provided in

Nn2014lvCt oEEPA_SCCmapping. x|l sx. o California then
county using EPA SCCs after applying the mappifigere was one change made after the mapping: the
vehicle/fuel type combination gas intercity buses (first 6 digits oSth€ = 220141), that is not

7 There were 52 counties in Colorado that had point emissions for refueling. Outside Colorado, étevasrted that
refueling emissions in the 2014 NEIv1 point did not significantly duplicate the refueling emissions in onroad.
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generated using MOVES, was changed to gasoline single unirehdrrucks (220152) for consistency
with the modeling inventory.

The California onroad mobile source emissions were created through a hybrid approach ahgombin
statesupplied annual emissions with Efl&veloped SMOKBVIOVES runs. Through this approach, the
platform was able to reflect the unique rules in California, while leveraging the more detailed SCCs and
the highly resolved spatial patterns, temporalguas, and speciation from SMOKBOVES. The basic
steps involved in temporally allocating onroad emissions from California based on SIMOKES

results were:

1) Run CA using EPA inputs through SMOKEOVES to produce hourly 2014 emissions hereafter
KnownEPafs efist i mates. 0O These EPA estimates for
Aonroad _ca. 0

2) Calculate ratios between staepplied emissions and EPA estimat&éhese were calculated for
each county/SCC/pollutant combination. Unlike in previous plagpthe California data
separated off and emetwork emissions and extended idling. However, theaeiwork did not
provide specific road types, and Californiao
fueled by E85, so these differentiationseve obtained using MOVES.

3) Create an adjustment factor file (CFPRO) that includes-tFPstate estimate ratios.
4) Rerun CA through SMOK#BIOVES using EPA inputs and the new adjustment factor file.

Through this process, adjusted mecdkdy files were creatddat sum to annual totals from California,

but have the temporal and spatial patterns reflecting the highly resolved meteorology and-SMOKE
MOVES. After adjusting the emissions, this sec
summaries,the mi ssi ons from the fAonroadod and Aonroad _c
the emissions for the onroad sector.

3.2.5.2 MOVES-basedNonroad MobileSources (nonroad)

The nonroad equipment emissions in the platform and the NEI result prinnanilyd@inning the
MOVES2014a model, which incorporates the NONROAD2008 model. MOVES2014a replaces NMIM,
which was used for 2011 and earlier NEls. MOVES2014a provides a complete set of HAPs and
incorporates updated nonroad emission factors for HAPs. MOVEB2wvas used for all states other

than California, which uses their own model. Additional details on the development of the 2014NEIv1
nonroad emissions are available in Section 4.5 the 2014NEIv1 TSD.

The magnitude of the annual emissions in the nahptatform are equivalent to the emissions in the
nonroad data category of the 2014NEIvl. However, the platform has monthly emission totals, which are
provided by MOVES2014a and contain additional pollutants used in the emissions modeling. The
emissionsn the modeling platform include NONHAPTOG and ETHANOL, which are not included in

the NEI. NONHAPTOG is the difference between total organic gases (TOG) and explicit species that are
estimated separately such as benzene, toluene, styrene, ethanol, ar@iawther compounds and are
integrated into the chemical speciation process. MOVES2014a provides estimates of NONHAPTOG
along with the speciation profile code for the NONHAPTOG emission source. This is accomplished by
using NONHAPTOG#### as the pollatacode in the FF10 inventory file, where #### is a speciation
profile code. Since speciation profiles are applied by SCC and pollutant, no changes to SMOKE were
needed in order to use the FF10 with this profile information. This approach is not uSadiféwnia,
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because their model provides VOC and traditional speciation is performed in SMOKE instead.

Nonroad emissions for California submitted to NEI were developed using the California Emissions
Projection Analysis Model (CEPAM) that supports variQadifornia offroad regulations.

Documentation of the CARB offroad mobile methodology, including CMV sector data, is provided at:
http://www.arb.ca.gov/msei/categories.htm#offroad_motor_vehitles CARBsupplied nonroad annual
inventory emissions values were temporalized to monthly values using monthly temporal profiles applied
in SMOKE by SCC. Some VOC emissions were added to California to account for situations when VOC
HAP emissions werancluded in the inventory, but VOC emissions were either less than the sum of the
VOC HAP emissions, or were missing entirely. These additional VOC emissions were computed by
summing benzene, acetaldehyde, formaldehyde, and naphthalene for the spec#éi sou

3.2.5.3 Locomoaotive (rail)

The rail sector includes all locomotives in the NEI nonpoint data category. This sector excludes railway
maintenance locomotives and point source yard locomotives. Railway maintenance emissions are
included in the nomad sector. The point source yard locomotives are included in the ptnonipm sector.
The nonpoint rail data are a mix of S/L and EPA data. For 2014NEIlv1, the EPA data were carried
forward from the 2011 NEI. For more information on locomotive sourcédgiNEIl, see Section 4.20 of

the 2014NEIv1 TSD.

3.25.4 Category 12, and ommercialmarine vesselgcmv_clc2 and cmv_3

The cmv_c1c2 sector contains Category 1 and 2 CMV emissions from the 2014 NEIvl. Category 1 and 2
vessels use diesel fuel. Alingssions in this sector are annual and at co@@¢ resolution; however, in

the NEI they are provided at the scbunty level (port or underway shape ids) and by SCC and emission
type (e.g., hoteling, maneuvering). This-sdunty data in the NEI are ubéo create spatial surrogates.

The emissions for the CMV sector are equivalent to those in the 2014NEIv1 nonpoint inventory. For more
information on CMV sources in the NEI, see Section 4.3 of the 2014NEIv1l TSD. C1 and C2 emissions
that occur outside otate waters are not assigned to states. All CMV emissions in the cmv_cl1c2 sector
are treated as nonpoint sources, and are placed in layer 1 and allocated to grid cells using spatial
surrogates.

The Category 3 CMV vessels in the cmv_c3 sector use residludlhe cmv_c3 sector uses 2014NEIv1
emissions in state waters but excludes NEI C3 emissions in Federal Waters (FIPS codes beginning with
85). Instead, more spatially resolved emissions from the Emissions Contrdhfeeeational Marine
OrganizationECA-IMO)-based C3 CMV are used. The C3 CMV emissions are treated as point sources
and were developed based onladresolution ASCII raster format dataset that preserves shipping lanes
and extends within and beyond the federal waters. The treatnteesefemissions as point sources

allows for them to have plume rise when modeled by SMOKE and CMAQ. This dataset has been used
since the Emissions Control Araternational Marine Organization (EGIMO) project began in 2005,
although it was then knowrs dhe Sulfur Emissions Control Area (SECA). The EO emissions

consist of large marine diesel engines (at or above 30 liters/cylinder) that until recently were allowed to
meet relatively modest emission requirements and as a result these ships teoubdiof residual fuel in

that region. The emissions in this sector are comprised of primarily feftagged oceaigoing vessels,
referred to as C3 CMV ships. The C3 portion of the CMV inventory includes these ships in several intra
port modes (i.e.,raising, hoteling, reduced speed zone, maneuvering, and idling) and an underway mode,
and includes negport auxiliary engine emissions.
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An overview of the C3 ECA Proposal to the International Maritime Organization-&2PA-10-041,

August 2010) projet and futureyear goals for reduction of NQSQ, and PM C3 emissions can be

found at:http://www.epa.gov/oms/regs/nonroad/marine/ci/420r09019.pte resulting ECAMO

coorinated strategy, includingmission standards under the Clean Air Act for new marine diesel engines
with percylinder displacement at or above 30 liters, and the establishment of Emission Control Areas is
available fromhttps://www.epa.gov/regulatioremissionsvehiclesandengines/internationadtandards
reduceemissionamarinediesel The base year for the ECA inventas 2002 and consists of these

CAPs: PMo, PMe 5, CO, CQ, NHz, NOx, SC« (assumed to be SP) and hydrocarbons (assumed to be
VOC). EPA developed regional growth (activitgsed) factors that were applied to create the 2012
inventory from the 2002 datd he geographic regions listed in the table are shown in Figure 31.

* Technically, t he s-eoudycedesnbuttare treatad ak suchinfhe iBvBriorysarda t e
emissions processing.

Figure 3-1. lllustration of regional modeling domains in ECA-IMO study

The East Coast and Gulf Coast regions were divided along a line roughly through Key Largo (longitude
802606 West). Technically, t hoeuntdddes, But &PeSreated & n o't
such in the inventory and emissgprocessing. The Canadian Rslaore emissions were assigned to
provincelevel FIPS codes and paired those to region classifications for British Columbia (North Pacific),
Ontario (Great Lakes) and Nova Scotia (East Coast).

The emissions were convertedSMOKE point source inventory format as described in
https://www3.epa.gov/ttn/chief/conference/eil7/session6/masomvpith allows for the emissions to be
allocated ® modeling layers above the surface layer. As described in the paper, the ASCII raster dataset
was converted to latitudengitude, mapped to state/county FIPS codes that extended up to 200 nautical
miles (nm) from the coast, assigned stack parameteatsnanthly ASCII raster dataset emissions were

used to create monthly temporal profiles. All A98, norREEZ emissions (i.e., in waters considered

outside of the 200 nm EEZ, and hence out of the U.S. and CanadiatMET gontrollable domain) were
simply asigned a dummy state/county FIPS code=98001, and were projected to year 2011 using the
iOut side ECAO0 factors. Note that the year 2011
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The assignment of U.S. state/county FIPS codes was restricted {fedtatd vater boundaries data from

the Mineral Management Service (MMS) that extend approximately 3 to 10 nautical miles (nm) off shore.
Emissions outside the 3 to 10 mile MMS boundary, but within the approximately 200 nm EEZ boundaries
in Figure 31, were proje@d to year 2011 using the same regional adjustment factors as the U.S.

emi ssions; however, the state/county FIPS codes
processed in the Aothpto sector. Nkeoeptien, a@xtending s t a
through the middle of each lake such that all emissions in the Great Lakes are assigned to a U.S. county C
Ontario. This holds true for Midwest states and other states such as Pennsylvania and New York. The
classification of emissiorn® U.S. and Canadian FIPS codes was needed to avoid amulrigng of C3

CMV U.S. emissions in the Great Lakes, because all CMV emissions in the Midwest RPO are classified
as C1 or C2 sources in the CMV inventory.

The SMOKEready data have been croppezhirthe original ECAMO entire northwestern quarter of
the globe to cover only the large continental U.Sk3®& A 36 US10 air quality mod
domain used by EPA in recent years.

The original ECAIMO inventory did not delineate betweenr{goand underway emissions (or other C3
modes such as hoteling, maneuvering, rechspeed zone, and idling). However, a U.S. ports spatial
surrogate dataset was used to assign the-BBG2A emissions to ports and underway SCCs 2280003100
and 2280003200, rpsctively. This had no effect on temporal allocation or speciation because all C3
CMV emissions, unclassified/total, port and underway, share the same temporal and speciation profiles.

For California, the ECAMO 2014 emissions were scaled to matcrsthprovided by CARB for the
2014NEIv1. Note that CARB has had distinct projection and control approaches for this sector since
2002. These CARB C3 CMV emissions are documented in a staff report available at:
http://www.arb.ca.gov/regact/2010/offroadlsi10/offroadisor.ptiie CMV emissions obtained from

CARB include the 2014 regulations to reduce emissions from diesel engines on commercial harbor craft
operated within Califaria waters and 24 nautical miles of the California shoreline.

3.2.6 Emissions from Canada, Mexic(othpt, othar, othafdust onroad_can, onroad_mex
ptfire_mxcg

The emissions from Canada, Mexico, and-hb8. offshore Category 3 CMV (C3 CMV) and dnlj
platforms are included as part of the emissions modeling sectors: othpt, othar, othafdust, onroad_can, anc

onroad_mex. The Aotho refers to the fact that
statecounty geographic FIPS, andteemai ni ng characters provide the
point, fAaro for area and nonroad mobile, fafdus

emissions for Canada and Mexico are in the onroad_can and onroad_mex sectors, respectively.

For Canadian point sources, 2013 emissions provided by Environment Canada were used. These include
VOC emissions and CB6 speciation for VOCs although the CB6 VOCs differed slightly from the version

of CB6 in CMAQ. Airport emissions were provided by montamporal profiles were provided for alll

source categories. Point sources in Mexico were compiled based on a year 2014 inventory projected fromn
the the Inventario Nacional de Emisiones de Mexico, 2008 (ERG, 2014a; ERG, 2016a). The point source
emissionsn the 2014 inventory were converted to English units and into the FF10 format that could be
read by SMOKE, missing stack parameters were gapfilled usingl¥a€€l defaults, and latitude and

longitude coordinates were verified and adjusted if they wereamstistent with the reported

municipality. Note that there are no explicit HAP emissions in this inventory.
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For Canadian area and nonroad sources;2@BB emissions provided by Environment Canada were

used, including CMV emissions. The Canadian invgnitecluded fugitive dust emissions that do not
incorporate either a transportable fraction or meteorolotpased adjustments. To properly account for

this, a separate sector called othafdust was created and modeled using the same adjustments as are don
for U.S. sources. Updated Shapefiles used for creating spatial surrogates for Canada were also provided.
For Canada nonroad mobile sources, the provided 2013 monthly emissions were used.

For Canada onroad emissions, mesplecific year2013 emissionprovided by Environment Canada

were used. Note that unlike the U.S. and Mexico inventories, there are no explicit HAPs in the onroad
inventories for Canada and, therefore, NBAFM HAPs are created from speciation. For Mexico onroad
emissiosn, a version die¢ MOVES model for Mexico was run that provided the same VOC HAPs and
speciated VOCs as for the U.S. MOVES model (ERG, 2016a). This includes NBAFM plus several other
VOC HAPs such as toluene, xylene, ethylbenzene and others. Except for VOC HAPs[ih#t@frethe
speciation, no other HAPs are included in the Mexico onroad inventory (such as particulate HAPs nor
diesel particulate matter).

Annual 2014 wildland emissions for Mexico and Canada are in the ptfire_mxca sector. They were
developed from a cobination of Fire Inventory from NCAR (FINN) daily fire emissions and fire data
provided by Environment Canada for the months of June through November and FINN fire emissions
were used to fill in the annual gaps from January through May and DecemberINRh&r& emissions
come from an updated FINN v1.5 data set that differs from previous 2014 platforms largely in the
inclusion of grassland and cropland coverage. Only CAP emissions are provided in the Canada and
Mexico fire inventories. For FINN fires, tisd vegetation type codes of 1 and 9 are defined as agricultural
burning, all other fire detections and assumed to be wildfires. All wildland fires that are not defined as
agricultural are assumed to be wild fires rather than prescribed. FINN firesdetscthan 50 square
meters (0.012 acres) are removed from the inventory. The locations of FINN fires are geocoded from
latitude and longitude to FIPS code.

3.2.7 SMOKE-ready noranthropogenic chlorine inventory

The ocean chlorine gas emission estimate based on the builgh of molecular chlorine (CI2)

concentrations in oceanic air masses (Bullock and Brehme, 2002). Data at 36 km and 12 km resolution
were available and were not modified other than
that is the name required by the CMAQ model.

3.3 Emissions Modeling Summary

The CMAQ model requires hourly emissions of specific gas and particle species for the horizontal and
vertical grid cells contained within the modeled region (i.e., modeling ayma&b provide emissions in

the form and format requi r epdr obcye stshoe tnhoed efilr,awot eir
emissions input to SMOKE) for the sectors described above. In brief, the process of emissions modeling
transforms the emigms inventories from their original temporal resolution, pollutant resolution, and

spatial resolution into the hourly, speciated, gridded resolution required by the air quality model.
Emissions modeling includes temporal allocation, spatial allocatmhpallutant speciation. In some

cases, emissions modeling also includes the vertical allocation of point sources, but many air quality
models also perform this task because it greatly reduces the size of the input emissions files if the vertical
layers d the sources are not included.
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As previously discussed, the temporal resolutions of the emissions inventories input to SMOKE vary
across sectors and may be hourly, daily, monthly, or annual total emissions. The spatial resolution, may
be individual poih sources, county/province/municipio totals, or gridded emissions and varies by sector.
This section provides some basic information about the tools and data files used for emissions modeling
as part of the modeling platform.

3.3.1 The SMOKE ModelingSystem

SMOKE version 4.5vas used to prprocess the raw emissions inventories into emissions inputs for
CMAQ. SMOKE executables and source code are available from the Community Multiscale Analysis
System (CMAS) Center étitp://www.cmascenter.orddditional information about SMOKE is available
from http://www.smokemodel.org For sectors that have plume rise, thdine emissions capability of the
air quality models ws used, which allows the creation of sotlvesed and twdimensional gridded
emissions files that are much smaller than full tidieeensional gridded emissions files. For quality
assurance of the emissions modeling steps, emissions totals by sptweeiaire model domain are
output as reports that are then compared to reports generated by SMOKE on the input inventories to
ensure that mass is not lost or gained during the emissions modeling process.

3.3.2 KeyEmissions ModelingSettings

When prepring emissions for the air quality model, emissions for each sector are processed separately
through SMOKE, and then the final merge program (Mrggrid) is run to combine the-readg| secter

specific emissions across sectors. The SMOKE settings mnhscripts and the data in the SMOKE

ancillary files control the approaches used by the individual SMOKE programs for each sector.-6lable 3
summari zes the major processing steps of each p
approachsed: here fApointo indicates that SMOKE maps

and | ongitude) to a grid cell; fAsurrogateso ind
all ocate county emiswponatboigdi datebl shatandoia
SMOKE areato-poi nt feature to grid the emissions. Th

use the SMOKE speciation step, though biogenics speciation is done within the Tmpbeis3 program and
not as a separate SMOKE step. The Al nventory r e
resolution from which SMOKE needs to calculate hourly emissions. Note that for some sectors (e.g.,
onroad, beis), there is no input inventory; instead, actiatg dnd emission factors are used in

combination with meteorological data to compute hourly emissions.

Table 3-6. Key emissions modeling steps by sector

Inventory
Platform sector Spatial Speciation resolution Plume rise
afdust adj Surrogates Yes annual
ag Surrogates Yes annual
beis Pregridded in BEIS computed hourly
land use

cmv_clc2 Surrogates Yes annual
cmv_c3 Point Yes annual in-line

Surrogates & annual
nonpt ; Yes

areato-point
nonroad Surrogate_s & Yes monthly

areato-point
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Inventory
Platform sector Spatial Speciation resolution Plume rise
np_oilgas Surogates Yes annual
Surrogates Yes monthly activity,
onroad
computed hourly
onroad _ca_adi Surrogates Yes monthly activity,
computed hourly
onroad can Surrogates Yes Monthly
onroad mex Surrogates Yes Monthly
othafdust Surrogates Yes Annual
Yes annual &
othar Surrogates
monthly
othpt Point Yes annual & in-line
monthly
ptagfire Point Yes Daily none
pt_oilgas Point Yes Annual in-line
ptegu Point Yes daily & hourly in-line
ptfire Point Yes Daily in-line
ptfire_mxca Point Yes Daily in-line
ptnonipm Point Yes Annual in-line
rail Surrogates Yes Annual
rwc Surrogates Yes Annual

Biogenic emissions can be modeled two different ways in the CMAQ model. The BEIS model in SMOKE
can produce gridded biogenic emissions that are then includedgridded CMAQready emissions

i nputs, or alternatively, -IGNAQ@ cba n gbeenicco nefmi gsusri e
itself. For this study, the itine biogenic emissions option was used, and so biogenic emissions from

BEIS were not includedithe gridded CMAQeady emissions.

The fAplume rised column inldicadesppheackcitdruss ¢
the only ones with emissions in -lail odd rmeagres st tha
risecalculations are done inside of the air quality model instead of being computed by SMOKE. The air
guality model computes the plume rise using the stack data and the hourly air quality model inputs found
in the SMOKE output files for each moeeady emisens sector. The height of the plume rise

determines the model layer into which the emissions are placed. The cmv_c3, othpt, ptfire, and
ptfire_mxca selcitmed dmvesioohy, imeani ng that all
elevated sourcesid there are no emissions for those sectors in thalimwensional, layed files created

by SMOKE. Dayspecific point fires are treated separately for CMAQ modeling in that fire plume rise is
done within CMAQ itself. After plume rise is applied, therd W& emissions in every layer from the

ground up to the top of the plume. For the ptagfire sector, all emissions were allocated to layer 1 and
output to gridded - emissions files.

SMOKE has the option of grouping sources so that they are treatechgteasstack when computing

plume rise. For the 2014 modeling case, no grouping was performed because grouping combined with
iAi-lni neo processing will not give identical-resul
dimensional files). Thisarurs when stacks with different stack parameters or lat/lons are grouped,
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thereby changing the parameters of one or more sources. The most straightforward way to get the same

results between ifine and offline is to avoid the use of grouping.

3.3.3 Spatial Configuration

For this study, SMOKE was run for the largerkii CONtinentalUnitedSt at e s
domain (12US1) shown iRigure 32 and boundary conditions were obtained fro@0a4run of GEOS
Chem.Thegrid used d.ambertConformalprojection,with Alpha= 33, Beta 45 andGamma=-97,

with acenterof X =
pointdataused tcaccompliskspatialallocationwith SMOKE.

ACONUSO

-97 andY = 40. Latersectiongprovidedetailson thespatialsurrogatesind aredo-
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Figure 3-2. CMAQ Modeling Domain
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3.3.4 ChemicalSpeciationConfiguration

The emissions modeling step for chemical speci a
guality model for a specific chemical mechanism. These model species are either individual chemical
compounds (i.e, fAexplicit specieso) or groups of speci

mechanism used for the 2014 platform is the CB6 mechanism (Yarwood, 2010). We used a particular
version of CB6 that we refer to ransXYBaShhleglicCB6 o0 t
model species, resulting in model species NAPH and XYLMN instead of XYL and uses SOAALK. This
platform generates the PM¥Imodel species associated with the CMAQ Aerosol Module version 6 (AE6).
Table 37 lists the model species praged by SMOKE in the platform used for this study.
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Table 3-7. Emission model species produced for CB6 for CMAQ

Inventory Pollutant

Model Species

Model species description

Clz CL2 Atomic gasphase chlorine
HCI HCL Hydrogen Chloride (hydrochloric acid) ga
CO CO Carbon monoxide
NOx NO Nitrogen oxide
NO2 Nitrogen dioxide
HONO Nitrous acid
SO S02 Sulfur dioxide
SULF Sulfuric acid vapor
NHs NH3 Ammonia
NH3_FERT Ammonia from fertilizer
VOC ACET Acetone
ALD2 Acetaldehyde
ALDX Propibnaldehyde and higher aldehydes
BENZ Benzene (not part of CB05)
CH4 Methane
ETH Ethene
ETHA Ethane
ETHY Ethyne
ETOH Ethanol
FORM Formaldehyde
IOLE Internal olefin carbon bond (R=C-R)
ISOP Isoprene
KET Ketone Groups
MEOH Methanol
NAPH Naphthalene
NVOL Non-volatile compounds
OLE Terminal olefin carbon bond (R=C)
PAR Paraffin carbon bond
PRPA Propane
SESQ Sequiterpenes (from biogenics only)
SOAALK Secondary Organic Aerosol (SOA) tracer
TERP Terpens (from biogenics only)
TOL Toluene and other monoalkyl aromatics
UNR Unreactive
XYLMN Xylene and other polyalkyl aromatics, minus
naphthalene
Naphthalene NAPH Naphthalene from inventory
Benzene BENZ Benzene from the inventory
Acetaldehyde ALD?2 Acetaldehyde from inventory
Formaldehyde FORM Formaldehyde from inventory
Methanol MEOH Methanol from inventory
PMio PMC Coarse PM > 2.5 microns agdLO microns
PMas PEC Particulate elemental carb@r2.5 microns
PNO3 Particulate nitte¢ 2.5 microns
POC Particulate organic carbon (carbon orhy2.5 microns
PSO4 Particulate Sulfaté 2.5 microns
PAL Aluminum
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Inventory Pollutant Model Species| Model species description
PCA Calcium
PCL Chloride
PFE Iron
PK Potassium
PH20 Water
PMG Magnesium
PMN Manganese
PMOTHR PM2.s notin other AE6 species
PNA Sodium
PNCOM Non-carbon organic matter
PNH4 Ammonium
PSI Silica
PTI Titanium
Seasalt species (noh PCL Particulate chloride
anthropogenicj PNA Particulate sodium

The TOG and PMs speciation factors that are thasis of the chemical speciation approach were

developed from the SPECIATE 4.5 databdgp6://www.epa.gov/aiemissionsmodeling/speciate
version45-through40), which is the EPA's repository of TOG and PM speciation profiles of air pollution
sources. The SPECIATE database devel opment and
Office of Research and Development (ORD), Office of Transportation ar@uaility (OTAQ), and the

Office of Air Quality Planning and Standards (OAQPS), in cooperation with Environment Canada (EPA,
2016). The SPECIATE database contains speciation profiles for TOG, speciated into individual chemical
compounds, VO@o-TOG convermn factors associated with the TOG profiles, and speciation profiles

for PMzs.

Some key features and updates to speciation from previous platforms include the following (the
subsections below contain more details on the specific changes):

1 VOC speciatia profile cross reference assignments for point and nonpoint oil and gas sources
were updated to (1) make corrections to cross references, (2) use new and revised profiles that
were added to SPECIATE4.5 and (3) account for the portion of VOC estimateaédfimom
flares, based on data from the Oil and Gas estimation tool used to estimate emissions for the NEI.
The new/revised profiles included oil and gas operations in specific regions of the country and a
national profile for natural gas flares;

Two newPM s profiles from SPECIATE4.5 are used for brake and tirewear;

speciation profiles developed by the Western Regional Air Partnership (WRAP) are used for the
np_oilgas sector were revised,

1 VOC speciation for nonroad mobile has been updated to incluifferit speciation profile
assignment method for VOC (profiles are assigned to SCCs within MOVES2014a which outputs
the emissions with those assignments) and updated profiles;

8 These emissions are created outside of SMOKE
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VOC and PM speciation for onroad mobile sources occurs within MOVES2014a;

Specation for onroad mobile sources in Mexico is done within MOVES and is more consistent
with that used in the United States; and

f The 2013 Canadian point source inventories were provided from Environment Canada with CB6
speciation.

Speciation profiles and assreferences for the 2014 platform are available in the SMOKE input files for
the 2014 platform. Emissions of VOC and B§¥missions by county, sector and profile for all sectors
other than onroad mobile can be found in the sector summaries for ¢heladals of each model species
by state and sector can be found in the Appendix B-s&tt®r totals workbook for this case.

The speciation of VOC includes HAP emissions from the 2014NEIv1 in the speciation process. Instead

of speciating VOC to gemnate all of the species listed in Tablg 3emissions of five specific HAPs:
naphthal ene, benzene, acetaldehyde, formal dehyd
t he NEI were fAintegratedo with t hesuwiltthe VBOiICa Th
way that does not double count emissions and uses the HAP inventory directly in the speciation process.
The basic process is to subtract the specified HAPs emissions mass from the VOC emissions mass, and t
then use a esgpecpradf ilimttegrapeci ate the remainde
the specific HAPs. The EPA believes that the HAP emissions in the NEI are often more representative of
emissions than HAP emissions generated via VOC speciation, although ibssbyasector.

The NBAFM HAPs were chosen for integration because they are the only explicit VOC HAPs in the
CMAQ version 5.2. Explicit means that they are not lumped chemical groups like PAR, IOLE and
several other CB6 modeC KAhRxd exsr.e mhdkesle HApexpilds
modeled chemistry using the CB6 chemical mechanism. The use of inventory HAP emissions along with
VOC is caCARdI mMtHAGr ati on. 0O

The integration of HAP VOC with VOC is a feature available in SMO#&Eall inventory formats other

than PTDAY (the format used for the ptfire sector). SMOKE allows the user to specify both the
particular HAPs to integrate via the |INVTABLE.
field to AYVoutafitoochosea folintegrdtien. MOKE allows the user to also choose the
particular sources to integrate via the NHAPEXCLUDE file (which actually provides the sources to be
excludedrom integratiof) . For the Aintegratedbéegoateds, HAM
the VOC (at the source |l evel) to compute emissi
provides NONHAPVO@&o-NONHAPTOG factors and NONHAPTOG speciation profifesSMOKE
computes NONHAPTOG and then applies the speciation @sdfil allocate the NONHAPTOG to the

other air quality model VOC species not including the integrated HAPs. After determining if a sector is
to be integrated, if all sources have the appropriate HAP emissions, then the sector is considered fully
integratecand does not need a NHAPEXCLUDE file. If, on the other hand, certain sources do not have

9 Since SMOKE version 3.7, the options to specify sources for integration ar@easmthat a user can specify the

particular sources to include or exclude from integration, and there are settings to include or exclude all sources within a
sector. In addition, the error checking is significantly stricter for integrated sourcesoufee is supposed to be integrated,

but it is missing NBAFM or VOC, SMOKE will now raise an error.

10 These ratios and profiles are typically generated from the Speciation Tool when it is run with integration of a spécified lis
of pollutants, for exampl&BAFM.
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the necessary HAPs, then an NHAPEXCLUDE file must be provided based on the evaluation of each
sourceds pollutant mi-HAP integfatoe foralBestoran detesminohggvinethet C A P
sectors would have full, no or partial integratised Figure 38). For sectors with partial integration, all
sources are integrated other than those that have either the sum of NBAFM > VOC or the sum of

NBAFM = 0.

In this platform, we create NBAFM species from theimegrate source VOC emissions using speciation
profiles. Figure 3 illustrates the integrate and-mdegrate processes for U.S. Sources. Since Canada

and Mexico inventories do not contain HAPs, we thee2011v6.3 approach of generating the HAPs via
speciation, except for Mexico onroad mobile sources where emissions for integrate HAPs were available.

It should be noted that even though NBAFM were removed from the SPECIATE profiles used to create
the GFRO for both the NONHAPTOG and+iategrate TOG profiles, there still may be small fractions
for ABENZO, AFORMO, AALD20, and AMEOHO present.
come from species in SPECIATE that are mixtures. The quantity sd# thedel species is expected to be
very small compared to the BAFM in the NEI. These profiles are listed in Appendix E. There are no
NONHAPTOG profiles that produce ANAPH. O

In SMOKE, the INVTABLE allows the user to specify the particular HAPs to integifavo different

INVTABLE files are used for different sectors of the platform. For sectors that had no integration across
the entire sector (see Tabls33) |, EPA created a fino HAP useo | NVT
set to ANO f or THNS any NBABM dollutants anrthe siventory input into SMOKE are
automatically dropped. This approach both avoids dectdnlating of these species and assumes that the
VOC speciation is the best available approach for these species for sectors ssipgribach. The

second INVTABLE, used for sectors in which one or more sources are integrated, causes SMOKE to keer;
the inventory NBAFM pollutants and indicates that they are to be integrated with VOC. This is done by
setting the AVOCedrd TOG Acvomd ome mtld ffiour HAP pol
sector, Afull i ntegrationod includes the integra
naphthalene, acrolein, ethyl benzed,4 Trimethylpentanghexane, propionaldehydeaysene, toluene,

xylene, and MTBE.
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Emissionsready for SMOKE

R -

SMOKE presesas e .
Compute NONHAPYOC=VOC — (B+ F+ A+M) list of “no-ntegrate”
emissionsfor each integrate source ! sources (NHAPEXCLUDE) i
RetainVOC emissions for each no-integratescurce e

—— e }

R . - o Speciation Cross
Assign speciation profile code to each emission source
En sp P Reference File (GSREF)

Camp_ru'te: NONHAPTOG emissions from NONHAPVOC for , VOC0-TOG factors
each integrate source ! NOMHAPVOC-1o-NOMHAFTOG |
Compute: TOG emissions from VOC for each no-integrate factors (GSCMV)
source - - E veessesssessesesaeenesesearesmess e mmesee
Compute moles of each CBOS5 model species. i TOGand NONHAPTOG

Usze NOMHAPTOG profilesapplied to NOMHAPTOG : speciation factors
emissionsand B, F, &, M emissions for integrate sources. (GSFPRO) £
Use TOG profiles applied to TOG for no-integratesources eerrrrrrs -

Speciated Ermissions for W OC species

Figure 3-3. Process of integrating BAFM with VOC for use in V&peciation

Table 3-8. Integration status of benzene, acetaldehyde, formaldehyde and methanol (BAFM) for
each platform sector

Platform Approach for Integrating NEI emissions of Naphthalene (N), Benzene (B),

Sector Acetaldehyde (A), Formaldehyde (F) and Methanol (M)

ptegu No integration, create NBAFM from VOC speciation

ptnonipm No integration, create NBAFM from VOC speciation

ptfire No integration create NBAFM from VOC speciation

ptfire_mxca | No integration, create NBAFM from VOC speciation

ptagfire No integration, create NBAFM from VOC speciation

ag N/A T sector contains no VOC

afdust N/A T sector contains no VOC

beis N/A T sector containsaiinventory pollutant "VOC"; but rather specific VOC species

cmv_clc2 | Full integration (NBAFM)

cmv_c3 Full integration (NBAFM)

rail Partial integration (NBAFM)

nonpt Partial integration (NBAFM)

nonroad Full integration (NBAFM in California, internab MOVES elsewhere)
np_oilgas | Partial integration (NBAFM)

othpt No integration, create NBAFM from VOC speciation
pt_oilgas No integration, create NBAFM from VOC speciation
rwc Partial integration (NBAFM)

onroad Full integration (internal to MOVES)

onroad_can| No integration, no NBAFM in inventory, create NBAFM from speciation
onroad_mex Full integration (internal to MOVEMexico); however, MOVESVIEXICO speciation
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Platform Approach for Integrating NEI emissions of Naphthalene (N), Benzene (B),

Sector Acetaldehyde (A), Formaldehyde (F) and Methanol (M)
was CB6CAMX, hot CB6CMAQ, so postSMOKE emissions were converted to CB6
CMAQ

othafdust N/A T sector contains no VOC

othar No integration, create NBAFM from VOC speciation

Integration for the mobile sources estimated from MOVES (onroad and nonroad sectors, other than for
California) is done differently. Briefly there are three majdiedences: 1) for these sources integration

is done using more than just NBAFM, 2) all sources from the MOVES model are integrated and 3)
integration is done fully or partially within MOVES. For onroad mobile, speciation is done fully within
MOVES2014a sch that the MOVES model outputs emission factors for individual VOC model species
along with the HAPs. This requires MOVES to be run for a specific chemical mechanism. MOVES was
run for the CB6CAMx mechanism rather than CEBMAQ, so postSMOKE onroad missions were
converted to CB&MAQ. For nonroad mobile, speciation is partially done within MOVES such that it
does not need to be run for a specific chemical mechanism. For nonroad, MOVES outputs emissions of
HAPs and NONHAPTOG split by speciation glef Taking into account that integrated species were
subtracted out by MOVES already, the appropriate speciation profiles are then applied in SMOKE to get
the VOC model species. HAP integration for nonroad uses the same additional HAPs and ethanol as fo
onroad.

In previous platforms, the GSPRO_COMBO feature was used to speciate nonroad mobile and gasoline
related stationary sources that use fuels with varying ethanol content. In these cases, the speciation
profiles require different combinations adgpline profiles, e.g. EO and E10 profiles. Since the ethanol
content varies spatially (e.g., by state or county), temporally (e.g., by month), and by modeling year
(future years have more ethanol), the GSPRO_COMBO feature allows combinations to ledsatecif
various levels for different years. For the 2014v7.0 platform, GSPRO_COMBO is still used for nonroad
sources in California and for certain gasolietated stationary sources nationwide. The feature is also
used to combine exhaust and evaporgtivdiles to use with Mexican nonroad sources, which do not
include the mode in the SCC or pollutant. GSPRO_COMBO is no longer needed for nonroad sources in
the US outside of California because nonroad emissions within MOVES have the speciation pittfiles bu
into the results, so there is no need to assign them via the GSREF or GSPRO_COMBO feature.

A new method to combine multiple profiles is available in SMOKE4.5. It allows multiple profiles to be
combined by by pollutant, state and county (i.e., stateky FIPS code) and SCC. This was used
specifically for the oil and gas sectors (pt_oilgas and np_oilgas) because SCCs include both controlled
and uncontrolled oil and gas operations which use different profiles.

Speciatiomprofilesfor use withBEIS are notincludedin SPECATE. BEIS3.61lincludes aspecieSESQ)
thatwas mappetb the CMAQ specieSESQT Theprofile codeassociateavith BEIS profilesfor use with
CB6 wasfiB10C6. Bor additional sectespecific details on VOC speciation for a varietysettors, see
Section 3.2.1.3 of the 2011v6.2 TSD (EPA, 2015a).

In addition to VOC profiles, the SPECIATE database also contains the $pidciated into both
individual chemical compounds (e.g., zinRMxs pot a
components used in the air quality model. For
(AED) are all that is needed. Starting with CMAQ 5.0.1, a new thermodynamic equilibrium aerosol
modeling tool (ISORROPIA) v2 mechanism was addedribats additional PM components (AE6),
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which are further subsets of PMFINE (see Tab8.3rhe majority of th014platform PM profiles
come from the 911XX series which include updated AE6 spectation

Table 39. PM model species: AE5 versus AE6

Speces name | Species description AE5 | AE6
POC organic carbon Y Y
PEC elemental carbon Y Y
PSO4 Sulfate Y Y
PNO3 Nitrate Y Y
PMFINE unspeciated Pk Y N
PNH4 Ammonium N Y
PNCOM noncarbon organic matter N Y
PFE Iron N Y
PAL Aluminum N Y
PSI Silica N Y
PTI Titanium N Y
PCA Calcium N Y
PMG Magnesium N Y
PK Potassium N Y
PMN Manganese N Y
PNA Sodium N Y
PCL Chloride N Y
PH20 Water N Y
PMOTHR PMz 5 not in other AE6 species| N Y

Unlike other sectors, the onroad sector hasspexiated PM. This spiated PM comes from the

MOVES model and is processed through the SMOKEBVES system. Unfortunately, the MOVES
speciated PM does not map etneone to the AE5 speciation (nor the AE6 speciation) needed for CMAQ
modeling. For additional details on PM sfaion, see Section 3.2.2 of the 2011v6.2 platform TSD

(EPA, 2015a).

NOx can be speciated into NO, NO2, and/or HONO. For themoloile sources, EPA used a single
profil e ANHONI®GONGCGaodNQpHoithte mdbile sources except for onroadl(iding
nonroad, cmv_clc2, cmv_c3, rail, onroad_can, onroad_mex sectors) and for specific SCCs in othar and

ptnoni pm, the pr oxfintolN®, NG H@NHONO. Fable-B0 gwes th®split factor

for these two profiles. The onroad sector do@sn us e t

1 The exceptions are 5674 (Marine Vessblarine Engine; Heavy Fuel Oil) used for c3marine and 92@&ft Cigarette
Smokeg Simplified used in nonpt.

45

h e

AHONOOXx.profile
MOVES2014 produces speciated NO, )Né&nd HONO by source, including emission factors for these
species in the emission factor tables used by SMOKE/ES. Within MOVES, the HONO fraction is a
constant 0.008 of N© The NO fraction varies by heavy duty versus light duty, fuel type, and model
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year and equalsilNO 1T HONO. For more details on the N@actions within MOVES, see
http://www.epa.gov/otag/models/moves/documents/420r12022.pdf

Table 3-10. NOx speciation profiles

Profile | pollutant | species| split factor
HONO | NOX NO2 0.092
HONO | NOX NO 0.9

HONO | NOX HONO | 0.008
NHONO | NOX NO2 0.1
NHONO | NOX NO 0.9

Additional details on spation for onroad, nonroad, and oil and gas sources, and new PM profiles used
are discussed in the 2014v7.0 TSD (EPA, 2017a).

3.3.5 Temporal Processingonfiguration

Temporal allocation (i.e., temporalization) is the process of distributing aggregaiesions to a finer

temporal resolution, thereby converting annual emissions to hourly emissions. While the total emissions
are important, the timing of the occurrence of emissions is also essential for accurately simulating ozone,
PM, and other polluta concentrations in the atmosphere. Many emissions inventories are annual or
monthly in nature. Temporalization takes these aggregated emissions and, if needed, distributes them to
the month, and then distributes the monthly emissions to the day asailthemissions to the hours of

each day. This process is typically done by applying temporal profiles to the inventories in this order:
monthly, day of the week, and diurnal.

The temporal factors applied to the inventory are selected using sorbgatan of country, state,

county, SCC, and pollutant. Tablel®2 summarizes the temporal aspects of emissions modeling by
comparing the key approaches used for tempor al

t empor al reters o teademponabapproach for getting daily emissions from the inventory using

the SMOKE Temporal program. The values given are the values of the SMOKE L_TYPE setting. The
iMer ge processing approacho refers t torthelmergeday s
step. I f this is not #fAall, o then the SMOKE mer
include holidays as indicated by the righost column. The values given are those used for the SMOKE
M_TYPE setting (see below for mongformation).

Table 3-11. Temporal Settings Used for the Platform Sectors in SMOKE

Monthly Daily Merge

Platform sector | Inventory profiles temporal processing Process Holidays
short name resolutions used? approach approach as separate days
afdust_adj Annual Yes week all Yes

ag Annual Yes metbased all Yes

beis Hourly n/a all Yes

cmv_clc2 Annual Yes aveday aveday

cmv_c3 Annual Yes aveday aveday

nonpt Annual Yes week week Yes

nonroad Monthly mwdss Mwdss Yes
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Monthly Daily Merge
Platform sector | Inventory profiles temporal processing Process Holidays
short name resolutions used? approach approach as separate days
np oilgas Annual yes week week Yes
onroad Annual & monthly all all Yes
onroad ca adj | Annual & monthly all all Yes
othafdust adj Annual yes week week
othar Annual & monthly | yes week week
onroad can Monthly week week
onroad_mex Monthly week week
othpt Annual & monthly | yes mwdss mwdss
ptagfire Daily all all Yes
pt_oilgas Annual yes mwdss mwdss Yes
ptegu Daily & hourly all all Yes
ptnonipm Annual yes mwdss mwdss Yes
ptfire Daily all all Yes
ptfire_mxca Daily all all Yes
rail Annual yes aveday aveday
rwc Annual no metbased all Yes
1. Note the annual and monthly Ainventoryo actually

actual emissions are computed on an hourly basis.

The following values are used in Tabld3L : T h e v al uaehouthaemissionsrame aompguted h

for every day of the year and that emissions potentially havefdaye ar v ar i ati on. The
means that hourly emissions computed for all da
for each month.This means emissions have d#yweek variation, but not week-week variation

within the month. The value Amwdsso means hour

representative weekday (Tuesday through Friday), representative Saturday, andtegmesinday for

each month. This means emissions have variation between Mondays, other weekdays, Saturdays and
Sundays within the month, but notwelekwe e k v ar i ati on within the mont
hourly emissions computed for one reprgatve day of each month, meaning emissions for all days

within a month are the same. Special situations with respect to temporalization are described in the
following subsections.

In addition to the resolution, temporal processing includes a-tgoppriod for several days prior to

Januaryl, 2014, which is intended to mitigate the effects of initial condition concentrafldvestampup

period was 10 days (December2P, 2013).For all anthropogenic sectors, emissions from December

2014 were usetd fill in surrogate emissions for the end of December 2013. In particular, December

2014 emissions (representative days) were used for December 2013. For biogenic emissions, December
2013 emissions were processed using 2013 meteorology.

The Flat File P10 format (FF10) inventory format for SMOKE provides a more consolidated format for
monthly, daily, and hourly emissions inventories than prior formats supported. Previously, processing
monthly inventory data required the use of 12 separate inventesy With the FF10 format, a single
inventory file can contain emissions for all 12 months and the annual emissions in a single record. This
helps simplify the management of numerous inventories. Similarly, daily and hourly FF10 inventories
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contain indivdual records with data for all days in a month and all hours in a day, respectively.

SMOKE prevents the application of tempor al prof
For example, a monthly inventory should not have antasalonth temporalization applied to it; rather,

it should only have montto-day and diurnal temporalization. This becomes particularly important when
specific sectors have a mix of annual, monthly, daily, and/or hourly inventories. The flags that control
tempaalization for a mixed set of inventories are discussed in the SMOKE documentation. The
modeling platform sectors that make use of monthly values in the FF10 files are nonroad, onroad (for
activity data), onroad_can, onroad_mex, othar, othpt, and ptegu.

3.3.5.1Standard Temporal Profiles

Some sectors use straightforward temporal profiles not based on meteorology or other factors. For the
ptagfire sector, the inventories are in the daily point fire format, so temporal profiles are only used to go
from day-specific to hourly emissions. For all agricultural burning, the diurnal temporal profile used
reflected the fact that burning occurs during the daylight. This puts most of the emissions during the work
day and suppresses the emissions during the nodithe night. This diurnal profile was used for each

day of the week for all agricultural burning emissions in all states.

For the cmv_clc2 and cmv_c3 sectors, emissions are allocated with flat day of week and flat hourly
profiles. The C1 and C2 ersisns are allocated with a flat monthly profile, except in the Great Lakes,
where the profiles vary by month. C3 emissions are allocated with monthly profiles developed
specifically for C3, including in the Great Lakes.

For the rail sector, new monthtyofiles were developed for the 2014 platform. Monthly temporalization

for rail freight emissions is based on AAR Rail Traffic Data, Total Carloads and Intermodal, for 2014.

For passenger trains, monthly temporalization is based on rail passengeratailes @014 from the

Bureau of Transportation Statistics. Rail emissions are allocated with flat day of week profiles, and most
emissions are allocated with flat hourly profiles.

For the ptfire sector, the inventories are in the daily point fire forsoaemporal profiles are only used to
go from dayspecific to hourly emissions. For the nonroad sector, while the NEI only stores the annual
totals, the modeling platform uses monthly inventories from output from NMIM. For California, the
nonroad inverdry is annual only, and monthly temporal profiles are applied in SMOKE.

Diurnal, weekly, and monthly temporal profiles for aviatretated sources were updated in the 2014v7.0
platform based on aviation metrics. Details on these new profiles are &vailée 2014v7.0 TSD.

Temporal profiles for small airports (i.e., rRoammercial) do not have any emissions between 10pm and
6am due to a lack of tower operations. Industrial processes that are not likely to shut down on Sundays
such as those at cemagtaints are assigned to other more realistic profiles that included emissions on
Sundays. This also affected emissions on holidays because Sunday emissions are also used on holidays.

For oil and gas sources, monthly profiles were applied based on gnantivity data computed from the

data sources used to develop the 2014 NEI. The profiles were specific to each FIPS and SCC and were
applied as part of the cross reference. For states that ussthndard SCCs not in the EPA data set, flat
profiles wee used. Many np_oilgas sources use profiles that represent 24 hours per day, 7 days a week.

For agricultural livestock, annusd-month profiles were developed based on daily emissions data output
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from the CMU model by state and SCC. These profileg wsed to temporally allocate 2014NEIv2 ag
livestock emissions to monthly emissions, which are further temporally allocated to hours as described
below in section 3.3.5.3.

3.3.5.2Temporal Profiles for EGUs

The2014NElvlannual EGU emissionmsot matchedo CEMS sources use region/fuel specific profiles
based on average hourly emissions for the region and fuel. Peaking units were removed during the
averaging to nmimize the spikes generated by those units. Thematched unitgare allocated to hourly
emissions using the following-8tep methodologyannual value to month, month to day, and day to

hour. First, the CEMS data were processed using athabteviewed thedata quality fhgs that indicate

the data weraot measuredUnmeasured dat@an cage erroneously high values in the CEMS data. If
the data were not measuratspecific hoursandthose values werfeund to be more imthreetimes the
annual meairfor that unit the datdor those hoursvere replaced with annual mean val@@delman et

al., 2012) Theseadjusted CEMS data were then used for the remainder of the temporalization process
described below (sdg&igure3-4 Figure 3for an example).

Winter and summer seasoare included in the development of the diurnal profiles as opposed to using
data for the entire year because analysis of the hourly CEMS data revealed that there were different
diurnal patterns in winter versus summer in many areas. Typically, a siitjtiay peak is visible in the
summer, while there are morning and evening peaks in the winter as sheigareB-5.

The temporal allocation procedure is differentiated by whether or not the source couldthe dire

matched to a CEMS unit via ORIS facility code and boiler ID. Note that for units matched to CEMS data,
annual totals of their emissions may be different than the annual values in 2014NEIv1 because the CEMS
data actually replaces the inventory datatii@ seasons in which the CEMS are operating. If a GEMS
matched unit is determined to be a partial year reporter, as can happen for sources that run CEMS only in
the summer, emissions totaling the difference between the annual emissions and the t8tal CEM
emissions are allocated to the armmer months.
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Figure 3-5. Seasonal diurnal profiles for EGU emissions in a Virginia Region

For sources not matched to CEMS aniemporal profiles are calculated that are used by SMOKE to
allocate the annual emissions to hourly values. For these units, the allocation of the inventory annual
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emissions to months is done using averagedpetific annuato-month factors generatédr each of the

64 IPM regions shown in in Figure@ These factors are based on 2014 CEMS data only. In each
region, separate factors were developed for the
fuel s i ncl ude degiom Sdparaterpmfiled weveacamputel forkNED, and heat input.

An overall composite profile was also computed and used when there were no CEMS units with the
specified fuel in the region containing the unit. For both CHiveched units and unit®hmatched to

CEMS, NG and SQ CEMS data are used to allocate N&hd SQ emissions to monthly emissions,
respectively, while heat input data are used to allocate emissions of all other from monthly to daily
emissions.

Daily temporal allocation of units amched to CEMS was performed using a procedure similar to the
approach to allocate emissions to months in that the CEMS data replaces the inventory data for each
pollutant. For units without CEMS data, emissions were allocated from month to day usknggdiem

and fuelspecific average mortto-day factors based on the 2014 CEMS heat data. Separatetmonth

day allocation factors were computed for each month of the year using heat input for the fuels coal,
natural gas, and @ o M8matched units, NOant BQ CEME data are usedfoor C
allocate NQ and SQ emissions, while CEMS heat input data are used to allocate all other pollutants. An
example of monttio-day profiles for gas, coal, and an overall composite for a region in westeas 16

shown in Figure &.

For units matched to CEMS data, hourly emissions use the hourly CEMS valuesfantlSQ, while

other pollutants are allocated according to heat input values. For units not matched to CEMS data,
temporal profiles from day® hours are computed based on the seasegion and fuelspecific average
day-to-hour factors derived from the CEMS data for those fuels and regions using the appropriate subset
of data. For the unmatched units, CEMS heat input data are used &eallbpollutants (including N®

and SQ) because the heat input data was generally found to be more complete than the-ppkgifiat

data. SMOKE then allocates the daily emissions data to hours using the temporal profiles obtained from
the CEMS datéor the analysis base year (i.e., 2014 in this case).

Certain sources without CEMS data, such as specific municipal waste combustors (MWCs) and

cogeneration facilities (cogens), were assigned a flat temporal profile by source. The emissions for these
souces have an equal value for each day of the year.
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Figure 3-7. Month-to-day profiles for different fuels in a West Texas Region
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3.3.5.3Meteorologicatbased Temporal Profiles

There are many factorsahimpact the timing of when emissions occur, and for some sectors this includes
meteorology. The benefits of utilizing meteorology as method for temporalization are: (1) a
meteorological dataset consistent with that used by the AQ model is availahleyggts from WRF);

(2) the meteorological model data are highly resolved in terms of spatial resolution; and (3) the
meteorological variables vary at hourly resolution and can therefore be translated irgpdwmfic
temporalization.

The SMOKE progran GenTPRO provides a method for developing meteoretbaggd temporalization.
Currently, the program can utilize three types of temporal algorithms: atorday temporalization for
residential wood combustion (RWC), motithhour temporalization for agultural livestock ammonia,
and a generic meteorologpased algorithm for other situations. For the 2014 platform, meteorological
based temporalization was used for portions of the rwc sector and for livestock within the ag sector.

GenTPRO reads irriglded meteorological data (output from MCIP) along with spatial surrogates, and
uses the specified algorithm to produce a new temporal profile that can be input into SMOKE. The
meteorological variables and the resolution of the generated temporal firofitéy, daily, etc.) depend

on the selected algorithm and the run parameters. For more details on the development of these
algorithms and running GenTPRO, see the GenTPRO documentation and the SMOKE documentation at
http://www.cmascenter.org/smoke/documentation/3.1/GenTPRO_TechnicalSummary Aug2012 Final.pd
f andhttp://www.cmascenter.org/smoke/documentation/3.5.1/html/ch05s03s0 #éspectively.

As of the 2011v6.2 platform and in SMOKE 3.6.5, the temporal profile format was updated to support
more flexibility in profile application. The correspondingrsion of GenTPRO produces separate files
including the monthly temporal profiles (ATPRO_MONTHLY) and d@dymonth temporal profiles
(ATPRO_DAILY), instead of a single ATPRO_DAILY with dapf-year temporal profiles as it did in
SMOKE 3.5. The new and olémporal allocation results are equivalent when given the same inputs.

For the RWC algorithm, GenTPRO uses the daily minimum temperature to determine the temporal
allocation of emissions to days. GenTPRO was used to create an-endaglitemporal profé for the

RWC sources. These generated profiles distribute annual RWC emissions to the coldest days of the year
On days where the minimum temperature does not drop below-defgsed threshold, RWC emissions

for most sources in the sector are zeronversely, the program temporally allocates the largest

percentage of emissions to the coldest days. Similar to other temporal allocation profiles, the total annual
emissions do not change, only the distribution of the emissions within the year iscaffEicte
temperature threshold for rwc emissions was 50
states: Alabama, Arizona, California, Florida, Georgia, Louisiana, Mississippi, South Carolina, and

Texas.

Figure 38 illustrates the impact ohanging the temperature threshold for a warm climate county. The

plot shows the temporal fraction by day for Duval County, Florida for the first four months of 2007. The
default 50 eF threshold creates | ddagmensshpse &pkes o0 n
and distributes a small amount of emissions to the days that have a minimum temperature between 50 an
60e F .
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RWC temporal profile, Duval County, FL, Jan - Apr
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Figure 3-8. Ex ampl e of RWC temporalization in 2007

The diurnal profile for used for ast RWC sources places more of the RWC emissions in the morning
and the evening when people are typically using these sources. This profile is based on a 2004 MANE
VU survey based temporal profiles (see

http://www.marama.org/publications _folder/ResWoodCombustion/Final_rep9rt.pdis profile was
created by averaging three indoor and three RWC outdoor temporal profiles from counties in Delaware
and aggregatinthem into a single RWC diurnal profile. This new profile was compared to a
concentration based analysis of aethalometer measurements in Rochester, Nét(#W.a@j 1) for

various seasons and day of the week and found that the new RWC profile geresiadlg the

concentration based temporal patterns.

The temporalization for fAOutdoor Hydronic Heate
wood burning device, NEC (f\rpi t s, c¢chi mneas, etc.)o (i.e., Arec
were updateddrause the meteorologidahsed temporalization used for the rest of the rwc sector did not
agree with observations for how these appliances are used. For OHH, thetasmaoiadh, dayof-week

and diurnal profiles were modified based on information ifNlee York State Energy Research and

Devel opment Authority (NYSERDA) AEnvironmental,

WoodFi red Hydronic Heater Technologies, Final Re
States for Coordinated AirUseavn a ge ment ( NESCAUM) repor t-firddAs s es:
Boilerso (NESCAUM, 2006) . A Minnesota 2008 Res

household responses (MDNR, 2008) provided additional attourabnth, dayof-week and diurnal
activity information for OHH as well as recreational RWC usage.

The diurnal profile for OHH, shown in Figure®is based on a conventional singtage heat load unit

burning red oak in Syracuse, New York. The NESCAUM report describes how for individsal@idit

are highly variable dayo-day but that in the aggregate, these emissions have ruf-e\@ek variation.

In contrast, the dagffwe ek profile for recreational RWC f ol |l
emissions peaked on weekends. Anftaahonth temporalization for OHH as well as recreational RWC
were computed from the MN DNR survey (MDNR, 2008) and are illustrated in Figl®e ®HH

emissions still exhibit strong seasonal variability, but do not drop to zero because many units operate ye
round for water and pool heating. In contrast to all other RWC appliances, recreational RWC emissions
are used far more frequently during the warm season.
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Figure 3-10. Annuaktto-morth temporal profiles for OHH and recreational RWC

For the agricultural livestock Ng-algorithm, the GenTPRO algorithm is based on an equation derived by
Jesse Bash of EPA ORD based on the Zhu, Henze, et al. (2014) empirical equation. This equation is base
on observations from the TES satellite instrument with the GE®S&n model and its adjoint to estimate
diurnal NH3 emission variations from livestock as a function of ambient temperature, aerodynamic

resistance, and wind speed. The equations are:
Eih =[161500/Tn x €389 )] x ARip

PEn = En/ Sum(En)
where
1 PEn = Percentage of emissions in counon hourh
Ei,n = Emission rate in couniyon hourh

Tin = Ambient temperature (Kelvin) in countpn hourh
Vih = Wind speed (meter/seg) countyi (minimum wind speed is 0.1 meter/sec)

ARin = Aerodynamic resistance in cournty

=A =4 -4 A
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GenTPRO was run using the 0BASHto-hvu Empomalrpofies fore me
these sources. Because these profiles distribute to the hedrdramonthly emissions, the monthly

emissions are obtained from a monthly inventory, or from an annual inventory that has been temporalized
to the month. Figure-3 1 compares the daily emissions for Mi
monthlyprof | e) wi th the fAnewo ap p rtoloarprofilesheAlthDuRRiIE g e n e
GenTPRO profiles show daily (and hourly variability), the monthly total emissions are the same between
the two approaches.

MN ag NH3 livestock temporal profiles
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Figure 3-11. Example of animal NHs emissiors temporalization approactes summed to daily
emissions

For the afdust sector, meteorology is not used in the development of the temporal profiles, but it is used to
reduce the total emissions based on meteorological conditions. These adjustmentsedrthamdh
sectorspecific scripts, beginning with the application of land-based gridded transport fractions and

then subsequent zeawts for hours during which precipitation occurs or there is snow cover on the

ground. The land use data used taedthe NEI emissions explains the amount of emissions that are
subject to transport. This methodology is disc
Model ing for the 2008 Emissions Model i mgnenPi$¢ at f o
applied to remove all emissions for days where measureable rain occurs. Therefore, the afdust emissions
vary dayto-day based on the precipitation and/or snow cover for that grid cell and day. Both the
transport fraction and meteorological @stiments are based on the gridded resolution of the platform;
therefore, somewhat different emissions will result from different grid resolutions. Application of the
transport fraction and meteorological adjustments prevents the overestimation of fiugtiv@pacts in

the grid modeling as compared to ambient samples.

Biogenic emissions in the beis sector vary by every day of the year because they are developed using
meteorological data including temperature, surface pressure, and radiation/cloudhel@aissions are
computed using appropriate emission factors according to the vegetation in each model grid cell, while
taking the meteorological data into account.

3.3.5.4Temporal Profilesfor Onroad Mobile Sources

For the onroad sector, the temporatmisition of emissions is a combination of more traditional
temporal profiles and the influence of meteorology. This section discusses both the meteorological
influences and the updates to the diurnal temporal profiles for the 2014 platform.

Meteorology § not used in the development of the temporal profiles, but rather it impacts the calculation
of the hourly emissions through the program Movesmrg. The result is that the emissions vary at the
hourly level by grid cell. More specifically, the -metwork(RPD) and the ofhetwork parked vehicle
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(RPV, RPH, and RPP) processes use the gridded meteorology (MCIP) directly. Movesmrg determines
the temperature for each hour and grid cell and uses that information to select the appropriate emission
factor (EF) fa the specified SCC/pollutant/mode combination. In the 2014 platform (and the

2014NEIv1), RPP was updated to use the gridded minimum and maximum temperature for the day. This
more spatially resolved temperature range produces more accurate emissach fgnd cell. The

combination of these four processes (RPD, RPV, RPH, and RPP) is the total onroad sector emissions.
The onroad sector show a strong meteorological influence on their temporal patterns (see the 2014NEIv1
TSD for more details).

Figure 312 illustrates the difference between temporalization of the onroad sector and the meteorological
influence via SMOKEMOVES. Similar temporalization is done for the VMT in SMOKEOVES, but
the meteorologically varying emission factors add variation otope temporalization.

2014fa onroad RPD hourly NOX and VMT: Wake County, NC
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Figure 3-12. Example of SMOKEMOVES temporal variability of NO x emissions versus activity

For the onroad sector, t h-£lactually voasistobactivitg data, note f er r
emissions. For RPP and RPxbpesses, the VPOP inventory is annual and does not need
temporalization. For RPD, the VMT inventory is annual for some sources and monthly for other sources,
depending on the source of the data. Sources without monthly VMT were temporalized fromannual
month through temporal profiles. VMT was also temporalized from month to day of the week, and then
to hourly through temporal profiles. The RPD processes require a speed profile (SPDPRO) that consists
of vehicle speed by hour for a typical weekday weekend day. Unlike other sectors, the temporal

profiles and SPDPRO will impact not only the distribution of emissions through time but also the total
emissions. Because SMOKMOVES (for RPD) calculates emissions from VMT, speed and

meteorology, if onshifted the VMT or speed to different hours, it would align with different

temperatures and hence different emission factors. In other words, two SMIOKES runs with

identical annual VMT, meteorology, and MOVES emission factors, will have differehetotssions if

the temporalization of VMT changes. For RPH, the HOTELING inventory is annual and was
temporalized to month, day of the week, and hour of the day through temporal profiles. This is an
analogous process to RPD except that speed is notlettin the calculation of RPH.

In previous platforms, the diurnal profile for VMT varied by road type but not by vehicle type and these
profiles were used throughout the nation. Diurnal profiles that could differentiate by vehicle type as well
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as by roadype and would potentially vary over geography were desired. In the development of the
2011v6.0 platform, the EPA updated these profiles to include information submitted by states in their
MOVES county databases (CDBs). The development of the 2014NEividpd an opportunity to

update these diurnal profiles with information submitted by states, to supplement the data with additional
sources, and to refine the methodology.

States submitted MOVES county databases (CDBs) that included informationdbsttiteition of VMT

by hour of day and by day of weléKsee the 2011NEIv2 TSD for details on the submittal process for
onroad). The EPA mined the state submitted MOVES CDBs fodetault diurnal profiles. The list

of potential diurnal profiles waséeh analyzed to see whether the profiles varied by vehicle type, road
type, weekday versus weekend, and by county within a state. For the MOVES diurnal profiles, the EPA
only considered the state profiles that varied significantly by both vehicle ant/pesd Only those

profiles that passed these criteria were used in that state or used in developing default temporal profiles.
The Vehicle Travel Information System (VTRIS) is a repository for reported traffic count data to the
Federal Highway Administrain (FHWA). The EPA used 2012 VTRIS data to create additional

temporal profiles for states that did not submit temporal information in their CDBs or where those profiles
did not pass the variance criteria. The VTRIS data were used to create state dipecdi profiles by

HPMS vehicle and road type. The EPA created distinct diurnal profiles for weekdays, Saturday and
Sunday along with day of the week profitesin comparison to the temporal profiles from the 2011
emissions modeling platform, the pie$ for the 2014 platform include the same 2012 VTRIS data, but
updated data from MOVES CDBs for 2014.

The EPA attempted to maximize the use of state and/or county specific diurnal profiles (either from
MOVES or VTRIS). Where there were no MOVES or VBRlata, then a new default profile would be

used (see below for description of new profiles). This analysis was done separately for weekdays and for
weekends and, therefore, some areas had submitted profiles for weekdays but defaults for weekends. Th
result was a set of profiles that varied geographically depending on the source of the profile and the
characteristics of the profiles (sEgure3-13).

12 The MOVES tables are the hourvmtfraction and the dayvmtfraction.

13 Further QA was done te@move duplicates and profiles that were missing two or more hours. If they were missing a
single hour, the missing hour could be calculated by subtracting all other hours fractions from 1.

14 Note, the day of the week profiles (i.e., Monday vs Tuesdaycysaee only from the VTRIS data. The MOVES CDBs only
have weekday versus weekend profiles so they were not included in calculating a new national default day of the week
profile.
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Temporal Sources for 2011v2 Mobile Emissions

VTRIS state

{MOVES VMT

CARB

BFome counties may use national defaults for certain days

VTRIS/MOVES national
average

Figure 3-13. Use of submittedersus new national default profiles

A new set of diurnal profiles was developed from the submitted profiles that varied by both vehicle type
and road type. For the purposes of constructing the national default diurnal profiles, EPA created
individual piofiles for each state (averaging over the counties within) to create a single profile by state,
vehicle type, road type, and the day (i.e. weekday vs Saturday vs Sunday). The source of the underlying
profiles was either MOVES or VTRIS data. The statesviddal profiles were averaged together to

create a new default profile. Figureld shows two new national default profiles for light duty gas
vehicles (LDGV, SCC6 220121) and combination kvagl diesel trucks (HHDDV, SCC6 220262) on
restricted urban eways (interstates and freeways). The blue lines indicate the weekday profile, the
green the Saturday profile, and the red the Sunday profile. In comparison, the new default profiles for
weekdays places more LDGV VMT (upper plot) in the rush hours whateng HHDDV VMT (lower

plot) predominately in the middle of the day with a longer tail into the evening hours and early morning.
In addition to creating diurnal profiles,

EPA also developed day of week profiles using the VTRIS data. The creatienstétd and national

profiles was similar to that of the diurnal profiles (described above). FiglbesBows a set of national

default profiles for rural restricted roads (top plot) and urban unrestricted roads (lower plot). Each vehicle
type is a diférent color on the plots.
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Figure 314. Updated national default profiles for LDGV vs. HHDDV, urban restricted

The gray lines of Figure-34 indicate the weekday profile, the blue the Saturday profile, and the orange
the Sunday profile. In comparisahe new default profiles for weekdays places more LDGV VMT

(upper plot) in the rush hours while placing HHDDV VMT (lower plot) predominately in the middle of
the day with a longer tail into the evening hours and early morning. In addition to creatimaj diu

profiles, the EPA developed day of week profiles using the VTRIS data. The creation of the state and
national profiles was similar to the diurnal profiles (described above). FiglBesBows a set of national
default profiles for rural restrictedads (top plot) and urban unrestricted roads (lower plot). Each vehicle
type is a different color on the plots.
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The EPA also devel@a a national profile for hoteling by averaging all the combination-hang truck
profiles on restricted roads (urban and rural) for weekdays to create a single national restricted profile
(orange line in Figure-36). This was then inverted to creatarafile for hoteling (blue line in Figure-3
16). This single national profile was used for hoteling irrespective of location.
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Figure 3-16. Combination longhaul truck restricted and hoteling profile

For California, CARB supplied diurnal profiles thatried by vehicle type, day of the wégkand air

basin. These CARBpecific profiles were used in developing EPA estimates for California. Although
the EPA adjusted the total emissions to match
temporalizatn of these emissions took into account both the-sfaeific VMT profiles and the
SMOKE-MOVES process of incorporating meteorologgr more details on the adjustments to
Californiads onr20la.0l&Mmi ssi ons, see the

3.36 Vertical Allocation of Emissions

Table 35 specifieghe sectordor whichplumeriseis calculatedlf thereis no plumerisefor asecta, the
emissions arplacedinto layerl of theair quality model.Vertical plumeaisewas performedh-line within
CMAQ for all of theSMOKE pointsourcesectorgi.e., ptegy ptnonipm, ptfireptagfire othpt,and
cmv_c3. Thein-line plumerise computedavithin CMAQ is nearlyidenticalto the plumerise thatwould
be calculatedvithin SMOKE usingthe Laypoint programThe selectiomf pointsources for plumdseis
pre-determinedn SMOKE usinghe Elevpointprogram Thecalculation isdonein conjunctionwith the
CMAQ modeltime steps withinterpolatedneteorologicatiataandis thereforemore temporallyesolved
thanwhen it is donén SMOKE. Also, thecalculationof thelocationof thepointsource s slightly
differentthantheoneused inSMOKE andthis canresultin slightly differentplacemenbf pointsources
neargrid cell boundaries.

For pointsources, thetackparameterareused as inputso theBriggsalgorithm,but pointfiresdo not
havestack parameterbloweve, theptfireinventorydoes containlata on thecresburned(acresperday)

15/ FfAF2NYALF Qa RAdzNY I LINR FAE Sa tuddyMiidSindag had enkye profileSands S S 1 @
Tuesday, Wednesday, Thursday had the same profile.
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andfuel consumption (tons fugderacre)for eachday. CMAQ uses thesadditional paramtersto
estimatehe plumerise of emissiongnto layersabovethe surfacemodellayer. Specifically, thesedata are
used tocalculateheatflux, whichis thenused to estimate plunmese. In additiorto theacresburnedand
fuel consumptionheatcontentof thefuel is neededo compute hedlux. Theheatcontentwas assumetd
be8000Btu/lb of fuel for all firesbecausapecificdataon thefuelswere unavailablen theinventor. The
plumerisealgorithmappliedto thefiresis a modification of theBriggsalgorithmwith a stackheightof
zero.

CMAQ uses the Briggs algorithm to determine the
distributions into the vertical layers that the plumes intersect. The pressure difference across each layer
divided by the pressure difference across the entire plume is used as a weighting factor to assign the
emissions to layers. This approach gives plume fractions by layer and source.

3.3.7 Emissions ModelingSpatial Allocation

The methods used to performasipl allocation are summarized in this section. For the modeling

platform, spatial factors are typically applied by county and SCC. Spatial allocation was performed for a
national 12km domain. To accomplish this, SMOKE used nationakii2spatial surrogtes and a

SMOKE areato-point data file. For the U.S., EPA updated surrogates to use circ&22Q4ata

wherever possible. For Mexico, updated spatial surrogates were used as described below. For Canada,
shapefiles for generating new surrogates wesgiged by Environment Canada for use with their 2013
inventories. The U.S., Mexican, and Canadiatkii2surrogates cover the entire CONUS domain 12US1
shown in Figures-2.

3.3.7.1Surrogates for U.S. Emissions

There are more than 100 spatial surrogateslable for spatially allocating U.S. courgvel emissions
to the 12km grid cells used by the air quality model. Note that antrpaint approach overrides the
use of surrogates for a limited set of sources. Taldl2 [8sts the codes and descigpis of the surrogates.
Surrogate names and codes listedalics are not directly assigned to any sources for the 2014v7.0
platform, but they are sometimes used to gapfill other surrogates, or as an input for merging two
surrogates to create a new sgate that is used.

Many surrogates were updated or newly developed for use in the 2014v7.0 platform (Adelman, 2016).
They include the use of the 2011 National Land Cover Database (the previous platform used 2006) and
development of various development siénlevels such as open, low, medium high and various
combinations of these. These landuse surrogates largely replaced the FEMA category surrogates that
were used in the 2011 platform. Additionally, onroad surrogates were developed using average annual
daily traffic counts from the highway monitorin
for the onroad surrogates was length of road miles. This and other surrogates are described in the
reference Adelman, 2016.

Similar to 2011, the Surrages for ports (801) and shipping lanes (802) were developed based on the
shapes in the NEI; however they were updated using 2014NEIv1 shapefiles and activity data. The
creation of surrogates and shapefiles for the U.S. was generated via the Surrogaténd éool and
documentation for it is available fadtps://www.cmascenter.org/sa
tools/documentation/4.2/SurrogateToolUserGuide_4 2.pdf
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Table 3-12. U.S. Surrogates available for the 2014 modeling platform

Code| Surrogate Description Code| Surrogate Description
N/A | Areato-point approach (see 3.3.1.2) 505| Industrial Land
100| Population 506| Education
110|Housing I 507| Heavy Light Construction Indusal Land
131|urban Housing I 510| Commercial plus Industrial
132| Suburban Housing 515| Commercial plus Institutional Land
134| Rural Housing 520| Commercial plus Industrial plus Institutioni
Golf Courses plus Institutional plus
137|Housing Change 525| Industial plus Commercial
140|Housing Change and Population 526| Residential NonInstitutional
150| Residential Heating Natural Gas 527| Single Family Residential
I Residential + Commercial + Industrial +
160| Residential Heating Wood 535| Institutional + Goernment
170| Residential HeatingDistillate Oil I 540| Retail Trade (COM1)
180| Residential Heating Coal I 545| Personal Repair (COM3)
Professional/Technical (COM4) plus Gene
190| Residential HeatingLP Gas 555| Government (GOV1)
201| Urban Restricted Rad Miles 560| Hospital (COM®6)
Light and High Tech Industrial (IND2 +
202| Urban Restricted AADT 575|IND5)
205| Extended Idle Locations 580| Food Drug Chemical Industrial (IND3)
211| Rural Restricted Road Miles 585| Metals and Minerals Industrial (IND4)
212| Rural Restricted AADT 590| Heavy Industrial (IND1)
221| Urban Unrestricted Road Miles 595] Light Industrial (IND2)
222| Urban Unrestricted AADT I 596| Industrial plus Institutional plus Hospitals
231 Rural Unrestricted Road Miles 650| Refineries and Tank Farms
232| Rural Unrestricted AADT 670| Spud Count CBM Wells
239| Total Road AADT 671| Spud Count Gas Wells
240| Total Road Miles 672| Gas Production at Oil Wells
241| Total Restricted Road Miles 673| Oil Production at CBM Wells
242| All Restricted AADT 674| Uncorventional Well Completion Counts
243| Total Unrestricted Road Miles 676| Well Count- All Producing
244 All Unrestricted AADT 677/ Well Count- All Exploratory
258| Intercity Bus Terminals 678| Completions at Gas Wells
259| Transit Bus Terminals 679| Completbns at CBM Wells
260| Total Railroad Miles 681| Spud Count Oil Wells
261 NTAD Total Railroad Density 683| Produced Water at All Wells
271 NTAD Class 1 2 3 Railroad Density 685| Completions at Oil Wells
272|NTAD Amtrak Railroad Density 686| Completions aAll Wells
273 NTAD Commuter Railroad Density 687| Feet Drilled at All Wells
275/ ERTAC Rail Yards 691| Well Counts- CBM Wells
280| Class 2 and 3 Railroad Miles 692| Spud Count All Wells
300/ NLCD Low Intensity Development 693| Well Count- All Wells
301 NLCD Med Intensity Development 694/ Oil Production at Oil Wells
302 NLCD High Intensity Development 695| Well Count- Oil Wells
303]NLCD Open Space 696| Gas Production at Gas Wells
304/ NLCD Open + Low 697| Oil Production at Gas Wells
305/ NLCD Low + Med 698| Well Count- Gas Wells
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Code| Surrogate Description
306/ NLCD Med + High
307|NLCD All Development
308/ NLCD Low + Med + High
309/ NLCD Open + Low + Med
310/ NLCD Total Agriculture
318/ NLCD Pasture Land
319|NLCD Crop Land
320/ NLCD Forest Land
321 NLCD Recreational Land
340|NLCD Land
350 NLCD Water
500/ Commercial Land

Code| Surrogate Description
699| Gas Production at CBM Wells
710| Airport Points
711| Airport Areas
801| Port Areas
802| Shipping Lanes
805| Offshore Shipping Area
806| Offshore Shipping NEI2014 Activity
807| Navigable Waterway Miles
820| Ports NEI2014 Activity
850| Golf Courses
860| Mines
890| Commercial Timber

For the onroad sector, the-aetwork (RPD) emissions were allocated differently from thenefivork

(RPP and RPV). Onetwork used average annual daily traffic (AADT) data and off netwouk lasel

use surrogates as shown in Table33 Extended (i.e., overnight) idling of trucks were assigned to
surrogate 205 that is based on locations of overnight truck parking spaces. The underlying data in this
surrogate was updated for use in the 201@pfatform to include additional data sources and corrections
based on comments received.

Table 3-13. Off-Network Mobile Source Surrogates

Source type | Source Type name Surrogate 1D Description
11 Motorcycle 307 NLCD All Development
21 Passenger Car 307 NLCD All Development
31 Passenger Truck 307 NLCD All Development

NLCD Low + Med +

32 Light Commercial Truck 308 High
41 Intercity Bus 258 Intercity Bus Terminals
42 Transit Bus 259 Transit Bus Terminals
43 School Bus 506 Education
51 Refuse Truck 306 NLCD Med + High
52 Single Unit Shorhaul Truck 306 NLCD Med + High
53 Single Unit Longhaul Truck 306 NLCD Med + High
54 Motor Home 304 NLCD Open + Low
61 Combination Shorhaul Truck 306 NLCD Med + High
62 Combination Longhaul Truck 306 NLCD Med+ High

For the oil and gas sources in the np_oilgas sector, the spatial surrogates were updated to those shown in
Table 314 using 2014 data consistent with what was used to develop the 2014NEI nonpoint oil and gas
emissionsThe primary activity datacgirce used for the development of the oil and gas spatial
surrogates was data from Drilling Info (DI) Des
database contains wédlvel location, production, and exploration statistics at the monthly level.

Due to a proprietary agreement with DI Desktop, individual well locations and ancillary

production cannot be made publicly available, but aggregated statistics are alldwesd.data were
supplemented witdata from state Oil and Gas Commission (OGC) web4lllinois, Idaho, Indiana,
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Kentucky, Missouri, Nevada, Oregon and Pennsylvania, Tennessee). In many cases, the correct surrogat
parameter was not available (e.g., feet drilled), but an alternative surrogate parameter was available (e.g.,
number of pudded wells) and downloadetdnder that methodology, both completion date and date of

first production from HPDI were used to identify wells completed during 201 1otal, over 1.43 million

unique wells were compiled from the above data sourceswé&lecover 34 states and 1,158 counties.

(ERG, 2016b).

Table 3-14. Spatial Surrogates for Oil and Gas Sources

Surrogate Code Surrogate Description
670 Spud Count CBM Wells
671 Spud Count Gas Wells
672 Gas Production at Oil Wells
673 Oil Producton at CBM Wells
674 Unconventional Well Completion Counts
676 Well Count- All Producing
677 Well Count- All Exploratory
678 Completions at Gas Wells
679 Completions at CBM Wells
681 Spud Count Oil Wells
683 Produced Water at All Wells
685 Compktions at Oil Wells
686 Completions at All Wells
687 Feet Drilled at All Wells
691 Well Counts- CBM Wells
692 Spud Count All Wells
693 Well Count- All Wells
694 Oil Production at Oil Wells
695 Well Count- Oil Wells
696 Gas Production at Gasals
697 Oil Production at Gas Wells
698 Well Count- Gas Wells
699 Gas Production at CBM Wells

Not all of the available surrogates are used to spatially allocate sources in the modeling platform; that is,
some surrogates shownTiable 312. U.S. Surrogates available for the 2014 modeling platieene not
assigned to any SCCs, although many of the fAunu
surrogates that are used. When the source data for a surrogatevhasges for a particular county, gap

filling is used to provide values for the surrogate in those counties to ensure that no emissions are droppet
when the spatial surrogates are applied to the emission inventdhed).S. CAP emissions allocated to

the various spatial surrogates are shown in Taldlb.3
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Table 315. Selected 2014 CAP emissions by sector for U.S. Surrogates (CONUS domain totals)

Sector ID | Description NH3 NOX PM2 5 SO2 VOC
afdust 240 | Total RoadMiles 253,099
afdust 304 | NLCD Open + Low 1,116,883
afdust 306 [ NLCD Med + High 45,958
afdust 308 | NLCD Low + Med + High 139,554
afdust 310 | NLCD Total Agriculture 1,169,40(
ag 310 | NLCD Total Agriculture 2,867,904
cmv_clc2| 801 | Pat Areas 11 24,413 759 1,492 987
cmv _clc2 | 802 | Shipping Lanes 281 484,726 13,842 4,129 8,725
nonpt 100 | Population 32,222 0 0 0| 1,137,409
nonpt 150 | Residential HeatingNatural Gas 47,296 219,671 3,593 1,445 13,311
nonpt 170 | Residential HeatingDistillate Oil 1,726 34,923 3,680 64,628 1,153
nonpt 180 | Residential Heating Coal 20 101 53 1,086 111
nonpt 190 | Residential HeatingLP Gas 121 34,025 175 675 1,321
nonpt 239 | Total Road AADT 0 25 552 0 276,354
nonpt 240 | Total Road Miles 0 0 0 0 36,941
nonpt 242 | All Restricted AADT 0 0 0 0 5,451
nonpt 244 | All Unrestricted AADT 0 0 0 0 95,327
nonpt 271 | NTAD Class 1 2 3 Railroad Density 0 0 0 0 2,252
nonpt 300 | NLCD Low Intensity Development 5,183 24,399 107,744 2,982 76,167
nonpt 304 | NLCD Open + Low 0 0 0 0 0
nonpt 306 [ NLCD Med + High 22,268 239,863 290,187 181,987 864,667
nonpt 307 | NLCD All Development 24 53,320 144,94 16,485 611,56¢
nonpt 308 [ NLCD Low + Med + High 1,205 187,485 17,9771 31,506 72,12€
nonpt 310 | NLCD Total Agriculture 0 0 37 0 242,713
nonpt 319 | NLCD Crop Land 0 0 95 71 293
nonpt 320 | NLCD Forest Land 3,984 13 54 0 61
nonpt 505 | Industrial Land 0 0 0 0 174
Residential + Commercial + Industrial +
nonpt 535 | Institutional + Government 0 2 130 0 39
nonpt 560 | Hospital (COM6) 0 0 0 0 0
norpt 650 | Refineries and Tank Farms 0 22 0 0 101,20€
nonpt 711 | Airport Areas 0 0 0 0 277
nonpt 801 | Port Areas 0 0 0 0 7,862
nonroad 261 | NTAD Total Railroad Density 3 2,593 273 4 503
nonroad 304 | NLCD Open + Low 4 2,205 191 6 3,245
nonroad 305 | NLCD Low + Med 110 23,017 4,557 146 149,863
nonroad 306 | NLCD Med + High 345 243,170 15,75(0 526 126,354
nonroad 307 | NLCD All Development 101 36,090 15,361 132 169,762
nonroad 308 [ NLCD Low + Med + High 673 458,488 38,060 886 69,386
nonroad 309 | NLCD Open + Low + Med 111 22,350 1,257 148 44,500
nonroad 310 | NLCD Total Agriculture 479 419,553 31,921 667 48,098
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Sector ID | Description NH3 NOX PM2 5 S02 VOC

nonroad 320 [ NLCD Forest Land 19 8,900 1,377 25 8,628
nonroad 321 | NLCD Recreational Land 157 20,841 15,119 229 553,741
nonroad 350 | NLCD Water 215 144,084 8,855 361 448,42¢
nonroad 693 | Well Count- All Wells 10 5,845 229 12 1,566
nonroad 850 | Golf Courses 13 2,176 115 17 5,668
nonroad 860 | Mines 2 2,760 298 4 549
np_oilgas | 670 | Spud Count CBM Wells 0 0 0 0 267
np_oilgas | 671 | Spud Count Gas Wells 0 0 0 0 10,98
np_oilgas | 672 | Gas Production at Oil Wells 0 2,863 0] 21,709 127,494
np oilgas | 673 | Oil Production at CBM Wells 0 35 0 0 1,795
np_oilgas | 674 | Unconventional Well Completion Counts 0 47,606 1,823 47 3,150
np oilgas | 678 | Completions at Gas Wells 0 3,735 26 6,328 74,408
np_oilgas | 679 | Completions at CBM Wells 0 16 0 601 2,155
np_oilgas | 681 | Spud Count Oil Wells 0 0 0 0 66,565
np oilgas | 683 | Produced Water at All Wells 0 10 0 0 67,101
np_oilgas | 685| Completions at Oil Wells 0 3,107 130, 2,181 50,785
np_oilgas | 687 | Feet Drilled at All Wells 0 109,487 4,004 628 8,130
np_oilgas | 691 | Well Countss CBM Wells 0 38,117 603 15 34,187
np_oilgas | 692 | Spud Count All Wells 0 8,628 258 135 366
np_oilgas | 693 | Well Count- All Wells 0 0 0 0 166
np_oilgas | 694 | Oil Producton at Oil Wells 0 4,375 0 5,468 1,104,12(
np_oilgas | 695 | Well Count- Oil Wells 0 122,85¢ 3,091 63 455,552
np_oilgas | 696 | Gas Production at Gas Wells 0 59,634 3,131 251 112,335
np_oilgas | 697 | Oil Production at Gas Wells 0 1,360 0 26 354,40€
np_oilgas | 698 | Well Count- Gas Wells 15 388,671 6,726 310 623,928
np_oilgas | 699 | Gas Production at CBM Wells 0 3,094 403 32 6,578
onroad 202 | Urban Restricted AADT 24,687 790,075 30,439 5,846 149,645
onroad 205 | Extended Idle Locations 748 273,10€ 4,425 104 56,079
onrcad 212 | Rural Restricted AADT 10,867 684,006 20,3224 2,853 77,075
onroad 222 | Urban Unrestricted AADT 42,001 1,223,593 54,345 11,950 376,209
onroad 232 | Rural Unrestricted AADT 25,027 987,689 33,882 6,434 201,764
onroad 239 | Total Road AADT 6,573
onroad 242 | All Restricted AADT 315
onroad 258 | Intercity Bus Terminals 165 2 0 38
onroad 259 | Transit Bus Terminals 58 5 0 171
onroad 304 | NLCD Open + Low 821 22 1 2,683
onroad 306 | NLCD Med + High 18,500 384 20 22,39€
onroad 307 | NLCD All Development 560,112 12,560 1,001 1,142,597
onroad 308 | NLCD Low + Med + High 83,977 1,583 113 133,885
onroad 506 | Education 664 29 1 1,107
rail 261 | NTAD Total Railroad Density 2 12,494 297 282 736
rail 271 | NTAD Class 1 2 3 Railroad Density 362 767,307 22,864 6,704 39,121
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Sector ID | Description NH3 NOX PM2 5 S02 VOC

rwc 300 | NLCD Low Intensity Development 16,221 32,174 332,700 8,087 351,69¢

3.3.7.2Allocation Methodfor Airport-RelatedSources inthe U.S.

There are numerous airpgdlated emission sources in the NEI, such as aircraft, airport ground tsuppor
equipment, and jet refueling. The modeling platform includes the aircraft and airport ground support
equi pment emi ssions as point sources. -tB-poi hhe
approach for only jet refueling in the nonpt sectdhe following SCCs use this approach: 2501080050
and 2501080100 (petroleum storage at airports), and 2810040000 (aircraft/rocket engine firing and
testing). The ARTOPNT approach is described in detail in the 2002 platform documentation:
https://www3.epa.gov/scram001/reports/Emissions%20TSD%20Voi280B.pdf The ARTOPNT file

that lists the nonpoint sources to locate using point data were unchanged frombthag&0 platform.

3.3.7.3Surrogates for Canada and Mexidémission Inventories

The surrogates for Canada to spatially allocate the Canadian emissions have been updated in the platforn
used for this study based on the 2013 Canadian inventories aothts$sdata. The spatial surrogate data
came from Environment Canada, along with cross references. The shapefiles they provided were used in
the Surrogate Tool (previously referenced) to create spatial surrogéie£anadian surrogates used for

this gatform are listed in Table-B6. Surrogates for Mexico are circa 1999 and 2000 and were based on
data obtained from the Sistema Municpal de Bases de Datos (SIMBAD) de INEGI and the Bases de datos
del Censo Economico 1999. CAPs allocated to the Mexic&Candda surrogates are shown in Table 3

17. The entries in Table B7 are for the othar, othafdust, onroad_can, and onroad_mex sectors.

Table 3-16. Canadian Spatial Surrogates

Code Canadian Surrogate Description Code | Description
100 Population 941 PAVED ROADS
101 total dwelling 942 UNPAVED ROADS
106 ALL INDUST 945 Commercial Marine Vessels
113 Forestry and logging 950 Combination of Forest and Dwelling
115 Agriculture and forestry activities 955 UNPAVED ROADS AND TRAILS
200 Urban Primary Road Miles 960 TOTBEEF
210 Rural Primary Road Miles 965 TOTBEEF CD
212 Mining except oil and gas 966 TOTPOUL CD
220 Urban Secondary Road Miles 967 TOTSWIN CD
221 Total Mining 968 TOTFERT_CD
222 Utilities 970 TOTPOUL
230 Rural Secondary Road Miles 980 TOTSWIN
240 Total Road Miles 990 TOTFERT
308 Food manufacturing 996 urban_area
321 Wood product manufacturing 1211 | Oil and Gas Extraction
323 Printing and related support activities | 1212 | OilSands
Petroleum and coal products
324 manufacturing 1251 | OFFR TOTFERT
326 Plastics and rubber products 1252 | OFFR_MINES
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Code Canadian Surrogate Description Code | Description
manufacturing
Non-metallic mineral product
327 manufacturing 1253 | OFFR Other Construction not Urban
331 Primary Metal Manufacturing 1254 | OFFR Commercial Services
412 Petroleum product wholesaldrstribuors | 1255 | OFFR Oil Sands Mines
Building material and supplies wholesals
416 distributors 1256 | OFFR Wood industries CANVEC
448 clothing and clothing accessories stores 1257 | OFFR Unpaved Roads Rural
Waste management and remediation
562 services 1258 | OFFR Utilities
921 Commercial Fuel Combustion 1259 | OFFR total dwelling
TOTAL INSTITUTIONAL AND
923 GOVERNEMNT 1260 | OFFR water
924 Primary Industry 1261 | OFFR_ALL_INDUST
925 Manufacturing and Assembly 1262 | OFFR QOil and Gas Extraction
926 Distribtution and R&il (no petroleum) 1263 | OFFR_ALLROADS
927 Commercial Services 1264 | OFFR_OTHERJET
931 OTHERJET 1265 | OFFR_CANRAIL
932 CANRAIL
Table 3-17. CAPs Allocated to Mexican and Canadian Spatial Surroga@314fb
Mexican or Canadian Surrogate
Code | Description NH3 NOx PM ;s SO, VOC
10 | MEX Population 0 216 6 1 434
12 | MEX Housing 25,900/ 112,801 3,949 450 141,616
14 | MEX Residential Heating Wood 0 1,311 16,802 202 115,512
MEX Residential Heating Distillate
16 | Qil 0 13 0 4 1
20 | MEX Residential HeatingLP Gas 0 5,798 176 0 100
22 | MEX Total Road Miles 2,660 359,254 10,047 5,692 75,042
24 | MEX Total Railroads Miles 0 21,176 473 186 826
26 | MEX Total Agriculture 180,582 136,198 28,813 6,529 10,917
32 | MEX Commercial Land 0 74 1,615 0 21,898
34 | MEX Industiial Land 4 1,080 1,944 0 119,006
MEX Commercial plus Industrial
36 | Land 0 2,027 30 5 95,300
MEX Commercial plus Institutional
38| Land 3 1,753 81 4 54
MEX Residential (RES1
4)+Comercial+Industrial+Institutions
40 | I+Government 0 4 11 0 74,853
42 | MEX Persmal Repair (COM3) 0 0 0 0 5,704
44 | MEX Airports Area 0 3,112 88 402 1,062
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Mexican or Canadian Surrogate

Code | Description NH3 NOx PM ;s SO, VOC
MEX Mobile sources Border
50 | Crossing 4 130 1 2 241

100 | CAN Population 724 62 733 13 335

101 | CAN total dwelling 383 34,234 2,538 4,126 143,234

106 | CAN ALL INDUST 0 0 11,559 0 72

113 | CAN Forestry and logging 465 2,521 0 143 7,080
CAN Agriculture and forestry

115 | activities 51 609 2,941 13 1,709

200 | CAN Urban Primary Road Miles 1,954 94,668 4,167 328 12,677

210 | CAN Rural Primary Road Miles 779 57,206 2,297 134 5,457

212 | CAN Mining except oil and gas 0 0 3,442 0 0

220 | CAN Urban Secondary Road Miles 3,648 144,371 7,864 696 31,224

221 | CAN Total Mining 0 0 56,438 0 0

222 | CAN Utilities 79 9,371 54,184 3,299 197

230 | CAN Rural Secondary Road Miles 2,024 99,071 4,275 353 14,291

240 | CAN Total Road Miles 44 79,579 2,892 84 127,959

308 | CAN Food manufacturing 0 0 11,099 0 5,873

321 | CAN Wood product manufacturing 261 1,794 0 132 7,673
CAN Printing and related support

323 activities 0 0 0 0 11,604
CAN Petroleum and coal prodsct

324 | manufacturing 0 1,016 1,220 388 6,050
CAN Plastics and rubber products

326 | manufacturing 0 0 0 0 23,540
CAN Non-metallic mineral product

327 | manufacturing 0 0 6,628 0 0

331 | CAN Primary Metal Manufacturing 0 156 5,504 52 73
CAN Petroleum product olesaler

412 | distributors 0 0 0 0 39,650
CAN clothing and clothing

448 | accessories stores 0 0 0 0 112
CAN Waste management and

562 | remediation services 217 1,631 2,268 2,275 16,066

921 | CAN Commercial Fuel Combustion 185 23,982 2,251 3,760 1,154
CAN TOTAL INSTITUTIONAL

923 | AND GOVERNEMNT 0 0 0 0 13,707

924 | CAN Primary Industry 0 0 0 0 35,196

925 | CAN Manufacturing and Assembly 0 0 0 0 69,833
CAN Distribtution and Retail (no

926 | petroleum) 0 0 0 0 6,990

927 | CAN Commercial Services 0 0 0 0 30,189

932 | CAN CANRAIL 54| 119,139 2,773 430 5,936

941 | CAN PAVED ROADS 0 0 297,607 0 0

945 | CAN Commercial Marine Vessels 187 | 152,803 5,579 34,596 11,045
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Mexican or Canadian Surrogate

Code | Description NH3 NOx PM ;s SO, VOC
CAN Combination of Forest and
950 | Dwelling 1,733 19,252 158,532 2,750 224,453
CAN
UNPAVED ROADS AND_TRAIL
955| S 0 0 440,673 0 0
960 | CAN TOTBEEF 0 0 1,236 0 263,913
965 | CAN TOTBEEF CD 280,058 0 0 0 0
966 | CAN TOTPOUL CD 23,809 0 0 0 0
967 | CAN TOTSWIN CD 67,992 0 0 0 0
968 | CAN TOTFERT CD 120,304 0 0 0 0
970 | CAN TOTPOUL 0 0 181 0 242
980 | CAN TOTSWIN 0 0 756 0 2,585
990 | CAN TOTFERT 0 4,227 379,893 9,448 155
996 | CAN urban area 0 0 1,265 0 0
1211 | CAN Oil and Gas Extraction 2 29 228,599 152 922
1212 | CAN QilSands 126 2,053 0 638 1,754
1251| CAN OFFR TOTFERT 109| 118,124 8,753 79 10,866
1252 | CAN OFFR_MINES 42 41,444 3,443 31 4,175
CAN OFFR Other Construction not
1253 | Urban 26 23,606 3,885 20 9,504
1254 | CAN OFFR Commercial Services 34 17,807 2,203 29 22,700
1255| CAN OFFR Oil Sands Mines 0 0 0 0 0
CAN OFFR Wood industries
1256| CANVEC 13 11,553 1,103 10 1,921
1258 | CAN OFFR_Utilities 16 8,553 529 14 10,136
1259| CAN OFFR total dwelling 17 5,399 1,409 14 34,499
1260 CAN OFFR_water 8 2,050 302 11 18,222
1261 | CAN OFFR _ALL INDUST 4 4,171 267 3 860
1262 | CAN OFFR Oil and Gas Extraction 1 1,036 57 1 148
1263 | CAN OFFR_ALLROADS 33 10,427 1,670 28 62,496
1264 | CAN OFFR OTHERJET 1 848 71 1 72
1265| CAN OFFR_CANRAIL 0 85 8 0 14
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4.1 Introduction tothe CMAQ Modelinglatform

TheCleanAir Act (CAA) providesamandateo assess and managie pollutionlevelsto protecthuman
healthandthe environmen&PA has establishedationalAmbientAir Quality Standard¢§NAAQS),
requiringthedevelopmenof effectiveemissiongontrolstrategiegor such pollutantas ozonend
particulatematte. Air quality modelsareusedto developtheseemissioncontrolstrategieso achievethe
objectivesof the CAA.

Historically, air quality modelshaveaddressedhdividual pollutanissues separateHoweve, manyof
thesame precursamhemicalsareinvolvedin bothozoneandaerosol (particulatmatter)chemistry;
thereforethe chemical transformatiopathwaysaredependentThus, modeled abatemesitategie®f
pollutantprecursors, such as volatileganiccompoundgVOC) andNOx toreduceozonelevels, may
exacerbatetherair pollutantssuch as particulatmatte. To meettheneedto address theomplex
relationships betweepollutants EPA developedhe Community Multiscal@ir Quality (CMAQ)
modelingsystem® The primarygoalsfor CMAQ areto:

A Improvethe environmentamanagemertommunitys abilityto evaluateheimpactof air quality
management practiséor multiple pollutantsat multiple scales.

A Improvethescientisés ability to betterprobe, understandndsimulatechemicalandphysical
interactionsn theatmosphere.

The CMAQ modelingsystembrings togethekey physical ancchemicalfunctionsassociatedvith the
dispersiorand transformationaf air pollution atvariousscales.It was designetb approachair qualityas
awholeby including statef-the-sciencecapabilitiefor modelingmultiple air qualityissues, including
tropospheriozone fine particlestoxics,aciddepositionandvisibility degradatio. CMAQ relieson
emissiorestimategrom varioussources, includintheU.S. BPA Office of Air Quality Planningand

St a n dcarrerdemi@sionnventoriespbservedemission frommajorutility stacksandmodelestimates
of natural emissionsom biogenicandagriculturalsources.CMAQ alsorelieson meteorological
predictionghatinclude assimilatiolf meteorologicabbservationgas constraintsEmissionsand
meteorologyataarefedinto CMAQ andrun throughvariousalgorithmsthatsimulatethe physicaland
chemicalprocesses itheatmospheréo provideestimated concentration$ thepollutants. Traditionally,
themodelhas beemised tgoredictair qualityacross aegionalor natonal domairandthento simulatethe
effectsof variouschangesn emissiorlevelsfor policymakingpurposes. For heal8tudiesthemodelcan
alsobeused tgorovidesupplemental informatioaboutair qualityin areasvhereno monitors exist.

CMAQ wasalsodesignedo havemulti-scalecapabilitiesso thatseparatenodelswerenot neededor
urbanandregional scalair quality modeling. The CMAQ simulationperformedor this2014assessment
used asingledomainthatcoversthe entirecontinentald.S. CONUS) andarge portionsof Canadaand

Byun, D.W., and K. L. Schere, 2006: Review of the Governing Equations, Computational Algorithms, and Other
Components of the ModeB& Community Multiscale Air Qality (CMAQ) Modeling System. Applied Mechanics Reviews,
Volume 59, Number 2 (March 2006), pp.-BT.



Mexicousingl2 kmby 12 kmhorizontalgrid spacing.Currently, 12 kmx 12 kmresolutionis sufficient
as the highest resolutiéor most regionakcale air quality modelpplicationsand assessmenrifswith the
temporalflexibility of themodel, simulationsanbe performedo evaluatdongerterm (annual tamulti-
year)pollutantclimatologiesas wellas shorterm (weeks tanonths)ransporfrom localizedsources. By
makingCMAQ amodelingsystenthataddresses migple pollutantsanddifferenttemporalandspatial
scalesCMAQ has & 0 & ¢ mo s pérspectevéhatcombinegheefforts of thescientificcommunity.
Improvementsvill bemade to th€MAQ modelingsystemas thescientificcommunity furthedevelops
the stateof-the-science.

For moreinformationon CMAQ, go b https://www.epa.gov/cmagr http://www.cmascenteorg.

4.1.1 Advantagesand Limitationsof the CMAQ Air Quality Model

An advantagef usingthe CMAQ modeloutputfor characterizing air quality for use @@mparingwith
healthoutcomess thatit provides acompletespatialandtemporalcoverageacross the U.SCMAQ is a
threedimensional Eulerian photochemical quality model thasimulates the numerous physical and
chemical processes involved in the formation, transport, and destruction of ozone, particulate matter and
air toxicsfor given input sets of initial and boundary conditions, meteorological consliiot emissions.

The CMAQ model includes statd-the-science capabilities for conducting urban to regional scale
simulations of multiple air quality issues, including tropospheric ozone, fine particles, toxics, acid
deposition and visibility degradatiotdowever, CMAQ is resource intensive, requiring significant data
inputs and computing resources.

An uncertainty of using the CMAQ model includes structural uncertainties, representation of physical and
chemical processes in the model. These consisthafice of chemical mechanism used to characterize
reactions in the atmosphere, choice of land surface model and choice of planetary boundary layer.
Another uncertainty in the CMAQ model is based on parametric uncertainties, which includes
uncertaintiesn the model inputs: hourly meteorological fields, hourly 8ridded emissions, initial

conditions, and boundary conditions. Uncertainties due to initial conditions are minimized by using a 10
day rampup period from which model results are not usedhéaggregation and analysis of model

outputs. Evaluations of models against observed pollutant concentrations build confidence that the model
performs with reasonable accuracy despite the uncertainties listed above. A detailed model evaluation for
ozoneand PM s species provided in Section 4.3 shows generally acceptable model performance which is
equivalent or better than typical statethe-science regional modeling simulations as summarized in

Simon et al., 201%.

4.2 CMAQ Modelersion,Inputs and Qafiguration

This sectiondescribesheair quality modelingplatform used for the014CMAQ simulation.A modeling
platform isa structuredsystemof connecteanodelingrelatedtoolsanddatathatprovidea consistenand
transparenbasis for assessingdair quality response tehangesn emissions and/or meteorologs
platformtypically consists of @&pecificair quality model,emissionestimatesa setof meteorological
inputs,andestimate® f A b o u n d a rrepreserimpoliutanttranspsrirom source areagutside

6U.S. EPA (2014), Draft Modeling Guidance for Demonstrating Attainment of Air Quality Goals for Ozofe5,Rivid
Regional Haze, pp 214ttps://www3.epa.gov/ttn/scram/quidance/quide/Draft GBM-RH Modeling Guidane2014.pdf.
17 Simon, H., Baker, K.R., and Phillips, 012) Compilation and interpreian of photochemical model performance
statistics published between 2006 and 2@&tthospheric Environmetl, 124139.
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theregionmodeled.We used theCMAQ modelng system coupled to the Weather Research and
Forecasting (WRF) meteorological modsl parof the2014Platformto providea national scal&ir
gualitymodelinganalysis.The CMAQ madel simulateshe multiple physicalandchemicalprocesses
involvedin theformation,transportanddestructiorof ozone and fine particulate matter (P!

This section provides a description of each of the main components2f € MAQ-WRF simulaton
along with the results of a model performance evaluation in whichOhémodel predictions are
compared to corresponding measured ambient concentrations.

4.2.1CMAQ ModelVersion

CMAQ is anon-proprietarycomputermodelthatsimulates théormationandfate of photochemical
oxidantsjncludingPMz.s andozone for giveninputsets of meteorologic@onditions and emissions. As
mentioned previously, CMAQ includes numerous science modules that simulate the emission, production,
decay, deposition andainsport of organic and inorganic gasase and pollutants in the atmosphere. This
2014analysis employed CMAQersion5.2!8 coupled to the Weather Researcll &orecasting (WRF)
version 3.8.1° Two-way feedback was not utilized in this 2014 simulationydwer, CMAQ read WRF
meteorological data onfare-minuteinterval. The2014CMAQ-WRF run includedi-directional

ammonia KHs) air-surface exchang@?2.1) usingthe Massadormulatior?®, CB6r3 chemical mechanism,
AEROG6aerosol modulevith nonvolatile Prmary Organic Aerosol (POAandwindblown dust

algorithms The CMAQ community model versions 5.0.2 and 5.1 were most recentlyegaewed in
September of 2015 for the U.S. EPA.

4.2.2 ModelDomainand Grid Resolution

The WRF-CMAQ modelinganalysesvereperformedor adomain coveringhe continentalUnited States,
as shown irFigure4-1. Thissingledomaincoversthe entirecontinental.S. (CONUS) antbrge

portionsof CanadandMexicousing12 kmby 12 kmhorizontalgrid spacing.The2014simuldion used

a Lambert Conformal map projection centered@f,(40) with true latitudes at 33 and 45 degrees north.
The 12 km WRFCMAQ domain consisted of 459 by 299 grid cells and 35 vertical layabte4-1
providessomebasic geographimformationregardingthe 12 kmWRFCMAQ domain. Themodel

extends verticalljrom thesurfaceto 50 millibars(approximatelyl 7,600 metejsusinga sigmapressure
coordinatesystem.Table 42 shows the vertical layer structure used in2@&4simulation. Air quality
conditionsattheouterboundaryof the12-km domainwere takerfrom a globalmodel.

BCMAQ version 5.2model code is available from the Communitgdeling and Analysis System (CMAS) at:
http://www.cmascenter.org.

19 SkamarockW.C. and J.B. Klemp, 2008. A tispdit nonhydrostatic atmospheric model for weather research and
forecasting applications. Journal of Computation Physics, Volume 227, pp33855

20Massad, RS., Nemiz, E., and Sutton, M.A. (2010). Review and parameterization-diréctional ammonia exchange
between vegetation and the atmosphere, Atmos. Chem. Phys., 10,1108 doi:10.5194/aep0-103592010.

2!Moran, M.D., Astitha, M., Barsanti, KC., Brown, N.J., Kaduwela A., McKeen S.A., Pickering, K.E(Septembe28, 2015).
Final Report: Fifth Peer Review ofhe CMAQ Model https://www.epa.ga'sites/production/files/2016
11/documents/cmagq_fifth_review final report 2015.ddffis peer review was focused on CMAR @2, whichwas released
in May, 2014, as well as CMAQ v5.1, which was released in October.20ibavailable from the Communitylodeling and
Analysis System (CMAS) as well as previous pestiew reports athttp://www.cmascenter.org.
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Table 4-1. Geographiclnformation for 12 km Modeling Domain

National 12 km WRF-CMAQ Modeling Configuration

Map Projection Lambert Conformal Projection

Grid Resolution 12km

Coordinate Center 97W,40N

True Latitudes 33and45N

Dimensions 459 x 299 x 35

Vertical Extent 35 Layers: Surface to 50 mb level (see Table 4-2)

Table 4-2. Vertical layer structure for 2014WRF-CMAQ simulation (heights aelayer top).

Vertical Sigma P Pressure  Approximate

Layers (mb) Height (m)

35 0.0000 50.00 17,556
34 0.0500 97.50 14,780
33 0.1000 145.00 12,822
32 0.1500 192.50 11,282
31 0.2000 240.00 10,002
30 0.2500 287.50 8,901
29 0.3000 335.00 7,932
28 0.3500 382.50 7,064
27 0.4000 430.00 6,275
26 0.4500 477.50 5,553
25 0.5000 525.00 4,885
24 0.5500 572.50 4,264
23 0.6000 620.00 3,683
22 0.6500 667.50 3,136
21 0.7000 715.00 2,619
20 0.7400 753.00 2,226
19 0.7700 781.50 1,941
18 0.8000 810.00 1,665
17 0.8200 829.00 1,485
16 0.8400 848.00 1,308
15 0.8600 867.00 1,134
14 0.8800 886.00 964
L) 0.9000 905.00 797




Vertical Pressure  Approximate

Layers  >9MaP g Height (m)

12 0.9100 914.50 714
11 0.9200 924.00 632
10 0.9300 933.50 551
9 0.9400 943.00 470
8 0.9500 952.50 390
7 0.9600 962.00 311
6 0.9700 971.50 232
5 0.9800 981.00 154
4 0.9850 985.75 115
3 0.9900 990.50 77
2 0.9950 995.25 38
1 0.9975 997.63 19
0 1.0000 1000.00 0

12km CONUS nationwide)dgmai
xy: -2556000,-1728000 {
col: 459 row: 299

\»)

Figure4-1. Map of the2014 WRF-CMAQ Modeling Domain. The blue box denotes thel2-km
national modelingdomain.



4.2.3Modeling Period/ Ozone Episodes

The 12-km WRFCMAQ modelingdomainwas modeledor the entireyearof 2014 Theannual

simulation included r a-unppriod,comprisedf 10 days before theeginningof the simulationto
mitigatethe dfectsof initial concentations All 365 modedays weraised in the annual average levels of
PM.s. For the 8&our ozone, we used modeling results from the period between May 1 and September
30. This 153day period generally conforms to the ozone season across most paetéJdbt and

contains the majority of days that observed high ozone concentrations.

4.2.4 Modelnputs: Emissions,Meteorologyand Boundary Conditions

2014Emissions:Theemissionsnventoriesused inthe 2014air quality modelingaredescribedn Sectio
3, above.

Meteorological Input Data:The gridded meteorological data for the entire ye@0d#at the 12 km
continental United States scale domain was derived from verddi®af the Weather Research and
Forecasting Model (WRF), Advanced ReseaMRF (ARW) core?>The WRF Model is a statef-the-

science mesoscale numerical weather prediction system developed for both operational forecasting and
atmospheric research applicatiohgg://wrf-model.org). The2014CMAQ-WRF meteaology

simulated for2014with 2011National Land Cover Databasdl(CD)?* and using versioR four-

dimensional data assimilation with no nudging in the planetary boundary layer and based on blended 3
hourly reanalysis fields (combination oh®ur (Meteorological Assimilation Data Ingest Sysjem

MADIS?® data and intermediate North American Mesoscale MB@AM) 3-hour forecast) organized

into 12km NAM Data Assimilation System (NDAS) fiisl up to 50 hPa. The WRkmulation included

the physicoptions of the PleirXiu land surface model (LSM) with NLCD woody wetlands lad use
category recognized, Asymmetric Convective Model version 2 planetary boundary layer (PBL) scheme,
Morrison double moment microphysics, Kakritsch cumulus parameterizatisosheme utilizing the
moistureadvection triggeY and the RRTMG longvave and shortwave radiation (LWR/SWR) schéfe.

In addition, the Group for High Resolution Sea Surface Temperatures (GHR®3 K SST data was

used for SST information to provide maesolved information compared to the more coarse data in the
NAM analysis.

22Version 3.6.1 was the current version of WRF at the time the 2013 meteorological model simulaperfovased.

23 SkamarockW.C., Klemp, J.B., Dudhia, J., Gill, D.O., Barker, D.M., Duda, M.G., Huang, X., Wang, W., Powers, J.G., 2008.
A Description of the Advanced Research WRF Version 3.

24 National Land Cover Database 2011, http://www.mrlc.gov/nlcd20p1.ph

25Meteorological Assimilation Data Ingest System. http://madis.noaa.gov/.

26 North American Model Analysi©nly, http://nomads.ncdc.noaa.gov/data.php; download from
ftp://nomads.ncdc.noaa.gov/INAM/analysis_only/.

2"Ma, L-M. and Tan Z-M, 2009.Improving the behavior of the Cumulus Parameterization for Tropical Cyclone Prediction:
Convection Trigger. Atmospheric Research 92 Issue 22190
http://www.sciencedirect.com/ignce/article/pii/S0169809508002585

28 Gilliam, R.C.,Pleim,J.E., 2010. Performandessessment of New Land SurfaamedPlanetaryBoundarylLayerPhysics irthe
WRFARW. Journal ofApplied MeteorologyandClimatology49, 760774.

29 Stammer, D., F.J. Wentand C.L. Gentemann, 2003, Validation of Microwave Sea Surface Temperature Measurements for
Climate Purposes, J. Climats;, 7387.

30Global High Resolution SST (GHRSST) analysis, https://www.ghrsst.org/.
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Initial and BoundaryConditions: Thelateralboundaryand initialspeciesoncentrationareprovidedby a
threedimensionablobalatmospherichemistrymodel,the GEOSCHEM?3! modelversion10-1, using the
tropchem, NOx_Ox_HC_Aer_Br, mechanisithe global GEOSCHEM modelsimulatesatmospheric
chemicalandphysical processes drivéy assimilateaneteorologicabbservations fronthe NASAG
Goddard Earti®bserving SystefGEOS5). Thismodelwas run for2014with agrid resolutionof 2.0
degreex 2.5 degreefatitudelongitude) The predictions were processed using the GEQMAQ

tool and used to provide oweay dynamic boundary conditions at emeur intervals>3® More
informationis availableaboutthe GEOSCHEM model anatherapplicationsusingthistool at:
http://gmao.gsfc.nasa.gov/GECQEIdhttp://wiki.seas.harvaredu/geoshem/index.php/GEGS.

4.3 CMAQ ModelPerformance Evaluation

An operationamodelperformancevaluatiorfor ozoneand PMsand its related speciated components
was conducted for the014simulationusingstate/locamonitoringsitesdatain orderto estimatehe

ability of theCMAQ modeling system teeplicatethe 2014baseyearconcentrationsor thel2 km
continentald.S. domain.

Therearevariousstatisticalmetricsavailableandused by theciencecommunityfor modelperformance
evaluation. For arobust evaluatiorthe principalevaluationstatistics used tevaluateCMAQ
performanceaveretwo biasmetrics,mean bias andormalized mean bias; and two error metnnsan
error andnormalized mean error

Mean bias (MB) is used as average of the difference (predicibderved) divided by the total number of
replicates ). Mean bias is defed as:

MB = %2;‘(;’ — 0) , where P = predicted and O = observed concentrations.

Mean error (ME) calculates the absolute value of the difference (predimbsérved) divided by the total
number of replicates). Mean error is defined as:

ME =237 |p — 0|
n

Normalized mean bias (NMB) is used as a normalization to facilitate a range of concentration magnitudes.
This statistic averages the difference (modsdserved) over the sum of observed values. NMB is a

useful model performance indicator base it avoids overinflating the observed range of values,

especially at low concentrations. Normalized mean bias is defined as:

Slyantosca, B., 2004. GEGSHEMV7-01-:0 2 User 6s Gui de, MadelingsGpohpeHaivard Udibeesitgi st r y
Cambridge, MA, October 15, 2004.

32 Akhtar, F., Henderson, B., Appel, W., Napelenok, S., Hutzell, B., Pye, H., Foley, K., 2012. Multiyear BaDodditjons

for CMAQ 5.0 from GEOSChem with Secondary Organic Aerosol Extension®, Arinual Community Modeling and

Analysis System conference, Chapel Hill, NC, October 2012.

%3 Henderson, B.H., Akhtar, F., Pye, H.O.T., Napelenok, S.L., and Hutzell, @0T4) A database and tool for boundary
conditionsfor regional air quality modeling: description and evaluation, Geosci. Model B39 360.



(P- 0O
*100, where P = predicted concentrations and O = observed

- Q5

NMB = 2
a (o)

1
Normalizedmeanerror(NME) is alsosimilarto NMB, wherethe performancestatisticis used as a
normalization of theneanerra. NME calculateshe absolutevalueof thedifferencgmodel- observed)
overthesumof observed valuedlormalizedmeanerroris definedas:

alp-o
NME=-1_ *100
(0)

< b

The performance statistics were calculated using predicted and observed data that were paired in time an
space on an-Bour basis. Statistics were generated for each of the nine National Oceanic and
Atmospheric Administration (NOAA) afhate region¥ of the 12km U.S. modeling domain (Figure2).

The regions include the Northeast, Ohio Valley, Upper Midwest, Southeast, South, Southwest, Northern
Rockies, Northwest and Wézt® as were originally identified in Karl and Koss (1984)

U.S. Climate Regions

MT ND
Morthern Rockies !
and Plains" s Upper Midviest
IMestiNorth Gentral| TUEast North Ceitral)

Qhio Valley

Southwest - iCentral)

34NOAA, National Centers for Environmental Information scientists have identified nine climatically consgiiens within

the contiguous U.S., http://www.ncdc.noaa.gov/moniteriefgrences/maps/t@dimateregions.php.

35The nine climate regions are defined by States where: Northeast includes CT, DE, ME, MA, MD, NH, NJ, NY, PA, RI, and
VT; Ohio Valley includedL, IN, KY, MO, OH, TN, and WV; Upper Midwest includes IA, MI, MN, and WI; Southeast

includes AL, FL, GA, NC, SC, and VA, South includes AR, KS, LA, MS, OK, and TX; Southwest includes AZ, CO, NM, and
UT; Northern Rockies includes MT, NE, ND, SD, WY; Nawsst includes ID, OR, and WA; and West includes CA and NV.

36 Note most monitoring sites in the West region are located in California (see Figyrthdrefore statistics for the West will

be mostly representative of California ozone air quality.

$7Karl, T. R. and Koss, W. J., 1984: "Regional and National Monthly, Seasonal, and Annual Temperature Weighted by Area,
18951983." Historical Climatology Series3 National Climatic Data Center, Asheville, NC, 38 pp.



Figure 4-2. NOAA Nine Climate Regiongsource: http://www.ncdc.noaa.gov/monitoring references/maps/us
climate-regions.php#referencep

In additionto the performarestatisticsregionalmapswhich show théviB, ME, NMB, and NMEwere
preparedor theozoneseason, May througBeptembe at individual monitoringstesas wellas on an
annualbasis for PMsand itscomponenspecies.

Evaluationfor 8-hour Daily Maximum OzoneThe operational model performance evaluation for eight

hour daily maximum ozone was conducted using the statistics defined above. Ozone measurements for
2014in the continental U.S. were included in the evaluation and were taken fr@flh8tate/local
monitoring site data in thEPA Air Quality System (AQSandthe ClearAir Status and Trends Network
(CASTNet)

The8-hour ozonanodelperformancdiasanderrorstatistics for eacbf the nineNOAA climateregiors
andeachseason arprovidedin Table 44. Seasons wer@efinedas:winter (Decembe-January
February)spring (MarchApril-May), summerJune, Jul, August), andall (SeptembefOctober
November).In some instances, observational data were excluded from the analysis andvahadeion
based on a completeness criterion of 75 perc8patial plotof theMB, ME, NMB andNME for
individual monitorsareshown inFigures 43 through4-6, respectively Thestatistics shown ithesetwo
figureswerecalculatebvertheozone seasp May through Septembearsingdatapairson days with
observed-hour ozone of greater than or equab@ppb.

In generalthemodelperformancestatisticindicatethatthe &hour dailymaximumozoneconcentrations
predictedoy the2014CMAQ simulation closelyreflectthe corresponding -#iour observedzone
concentrations spaceandtime in eachsubregiorof the12-km modelingdomain.As indicated by the
statistican Table4-4, biasanderrorfor 8-hour daily maximunozonearerelativelylow in ead
subregion, not only ithesummemwhen concentratiorarehighestbutalso duringothertimesof theyea.
Geneally, 8-hour ozonat the AQS sitem thesummerand fallis overpredictedwith the greatesbver
predictionin the South and SoutheastNIB ranging betweed2to 34 percent). Likewise-Bour ozone
at the CASTNet sites in the summer is typically over predicted except in thewarstthe bias shows a
slightunder predictiofNMB of -0.3%) 8-hour ozone is under predicted at A@&1 CASTNtsites in
the Northeast and Upper Midwesttire winter and spring (WitNMBs less than approximatel 1
percent in each subregion).

Model biasat individual sitesduringthe ozone seasois similarto thatseenon asubregionabasis for the
summe. Figure 42 shows the mean bias foth®ur daily maximum ozone greater than 60 ppb is
generally £10 ppb across the AQS and CASTNet sites. Likewismformationin Figure4-4 indicates
thatthe biasfor days withobserved-hour dailymaximumozonegreaterthan60 ppb iswithin + 20
percentatthevastmajority of monitoring sitescross th&).S. domainModel errar, as seeffrom Figures
4-4 and 46, is generally2 to 10ppb and?0 percenbor less at mosif the sitesacrosghe U.S. modeling
domain. Somewhat greatezrroris evidentat sitesin severabreasmostnotablyin the West, Northern
Rockies, Northeast, Southeashngportionsof the Gulf Coast and Great Lakes coastline.

Table4-4. Summary of CMAQ 2014 8-Hour Daily Maximum OzoneModel Performance Statistics
by NOAA climate region,by Seasorand Monitoring Network .
Climate Monitor No. of MB ME NMB NME

region Network  Season Obs (ppb) (ppb) (D) (D)
Northeast AQS Winter 12,047 0.1 5.7 0.2 18.2


http://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-regions.php
http://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-regions.php

Climate Monitor No. of MB

Network  Season Obs

Spring 16,172 -0.3 5.8 -0.7 12.0

Summer 17,263 6.6 7.9 15.2 18.2

Fall 14,720 8.7 9.3 26.4 28.1

CASTNet Winter 1,280 -0.8 5.2 2.3 15.5

Spring 1,296 -1.3 5.0 2.9 11.0

Summer 1,299 4.6 7.2 10.8 17.1

Fall 1,225 8.4 8.9 25.1 26.5

AQS Winter 4,065 1.3 5.9 4.2 19.9

Spring 15,708 2.8 5.7 6.0 12.3

Summer 19,913 8.4 9.8 18.9 22.0

. Fall 13,392 9.8 10.3 27.6 29.2
Ohio Valley

CASTNet Winter 1,583 1.2 6.2 35 18.8

Spring 1,634 0.2 5.4 0.3 11.0

Summer 1,627 2.2 13.6 455 27.5

Fall 1,609 7.8 9.0 21.5 24.9

AQS Winter 1,495 -1.8 6.6 -5.8 21.5

Spring 6,916 0.1 5.4 -0.2 11.8

Summer 9,538 4.4 7.2 10.7 17.4

Fall 5,941 8.1 8.9 24.3 26.6
Upper Midwes

CASTNet Winter 445 -3.7 7.4 -10.9 21.7

Spring 457 -3.1 6.0 -6.7 12.8

Summer 458 2.0 5.8 5.0 14.5

Fall 444 6.6 7.6 20.2 23.3

AQS Winter 6,723 5.9 7.2 17.6 21.3

Spring 14,962 4.2 6.6 9.0 14.1

Summer 16,998 13.5 14.0 33.5 34.7

S Fall 13,787 12.6 12.8 34.8 35.4

CASTNet Winter 946 2.6 5.7 7.1 15.6

Spring 998 0.2 6.3 -0.5 12.5

Summer 998 9.9 10.6 23.9 25.7

Fall 975 9.3 10.1 25.0 27.1

AQS Winter 12,064 4.5 6.4 14.6 20.6

South Spring 13,851 5.1 7.4 11.5 16.6

Summer 13,756 17.9 18.5 45.8 47.2

Fall 13,26 10.7 11.4 28.6 30.3



Climate Monitor No. of MB

Network  Season Obs

CASTNet Winter 518 3.6 5.8 10.4 16.8
Spring 551 3.1 6.3 6.5 13.4
Summer 537 11.2 15.8 26.4 37.2
Fall 530 10.4 10.8 28.3 29.2
AQS Winter 9,341 4.8 7.2 13.2 19.8
Spring 11,234 3.0 5.5 5.7 10.4
Summer 11,517 9.3 11.3 17.8 21.6
Fall 10,311 12.4 12.6 29.3 29.9
Southwest
CASTNet Winter 774 1.1 6.1 2.5 13.8
Spring 817 0.2 5.8 0.4 10.3
Summer 817 7.1 10.3 13.1 18.9
Fall 801 10.3 11.3 22.4 24.6
AQS Winter 4,553 0.4 6.0 -1.2 16.5
Spring 4,898 1.8 5.0 3.8 10.8
Summer 4,872 55 7.3 12.1 16.2
Northern Fall 4,799 9.1 9.7 24.2 25.8
Rockies
CASTNet Winter 607 -1.2 5.2 -3.0 13.3
Spring 637 0.6 4.8 -1.2 9.6
Summer 628 3.2 7.1 6.8 14.9
Fall 611 8.4 9.3 20.8 23.0
AQS Winter 596 5.4 7.4 18.5 25.5
Spring 1,194 0.3 4.7 0.7 11.6
Summer 2,404 5.5 8.3 145 21.6
Fall 1,258 8.7 9.8 25.4 28.6
Northwest

CASTNet Winter - == -- - -

Spring -- -- -- -- --

Summer - - - - -

Fall - - -- - -

AQS Winter 14,984 6.3 8.3 19.0 24.8

Spring 16,829 0.8 5.4 1.6 10.8

N Summer 17,881 6.0 10.0 11.9 20.0
Fall 16,611 8.4 10.0 18.7 22.3

CASTNet Winter 530 4.5 7.0 10.8 16.8

Spring 552 -3.0 6.2 5.4 111



Climate Monitor No. of MB

Network  Season Obs
Summer 542 -0.2 10.6 -0.3 17.8
Fall 538 6.4 11.0 12.7 21.8

03_8hrmax MB (ppb) for run2014fb_CDC_WRFCMAQ_cb6r3_ae6nvPOA_12US1 for 20140501 to 20140930

- & units = ppb
: N

coverage limit = 75%

TRIANGLE=CASTNET_Daily; CGIRCLE=AQS_Daily_QO3;

Figure 4-3. Mean Bias ppb) of 8-hour daily maximum ozonegreater than 60 ppbover the period
May-September 202 at AQS and CASTNet monitoringsites in the continentalU.S. modeling
domain.

03_8hrmax ME (ppb) for run2014fb_CDC_WRFCMAQ_cb6r3_ae6nvPOA_12US1 for 20140501 to 20140930

units = ppb
coverage limit = 75%
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TRIANGLE=CASTNET_Daily; CIRCLE=AQS_Daily_03;

Figure 4-4. Mean Error ( ppb) of 8-hour daily maximum ozonegreater than 60 ppbover the period
May-September 204 at AQS and CASTNet monitoringsites inthe continentalU.S. modeling
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TRIANGLE=CASTNET_Daily; CIRCLE=AQS_Daily_03;

Figure 4-5. Normalized Mean Bias (%) of8-hour daily maximum ozonegreater than 60 ppbover
the period May-September 204 at AQS and CASTNet monitoringsites inthe continentalU.S.
modelingdomain.
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Figure 4-6. Normalized Mean Error (%) of 8-hour daily maximum ozonegreater than 60 ppbover
the period May-September2014at AQS and CASTNetmonitoring sites inthe continentalU.S.
modelingdomain.

Evaluation for Annual PiYlscomponentsThe PM evaluatiorfocuses on Plyls components including
sulfate (SQ), nitrate (ND3), total nitrate (TN@= NOz + HNQOz), ammonium (NH), elementatarbon




(EC),andorganiccarbon(OC). Thebias and error performance statistics were calculated on an annual
basis for each of the nine NOAA climate subregions defined above (providedlen4s). PM s

measurements f@&014were obtained from the following networks for model evaluation: Chemical
Speciation Network (CSN24-houraverage), Interagency Monitoring of Protected Visual Environments
(IMPROVE, 24-houraverage, and Clean Air Statand Trends Network (CASTNet, weekly average).

For PMb s species that are measured by more than one network, we calculated separate sets of statistics fc
each network by subregion. In addition to the tabular summaries of bias and error statistadsstral

maps which show the mean bias, mean error, normalized mean bias and normalized mean error by site fo
each PMs species are provided in Figure§ 4hrough 430.

As indicated by the statistics in Tablé4annual average sulfate is consisiennder predicted at CSN,
IMPROVE, and CASTNet monitoring sites across 1B&m modeling domain (with MB values ranging
from 0.0 to-0.6 pgnr3and NMB values ranging from near negligible 3@ percent) except at CSN sites

in the Southeashorthern Rokiesand Northwest as well as IMPROVE sites in the Northwest (over
predicted NMB ranges betweério 38 percent). Sulfate performance shows miatkeerror, ranging

from 26 to ® percent.Figures 47 through4-10, suggestspatial patternsvary by region. The model
biasfor mostof the Northeast SoutheastCentral and Southweststatesare within £30 percent. The

model biasappearso be slightly greater in the Northwest with over predictions up to 80 percent at
individual monitors. Model error also shewa spatial trend by region, where much of the Eastern states
are 20 to 40 percent, the Western and Central U.S. states are 30 to 80 percent.

Annual averagenitrate is underpredictedat the urbanCSN monitoring sitesin the Ohio Valley,
Upper Midwest,South, Southwest, Northern Rockies, and WEIMB in therangeof -17.0to
-49 percent) except in theNortheastNorthwest and Southeast whendérate is over predictedNMB in
the range o percent and 4Percent) At IMPROVE rural sites, annual averagj&rate is under
predicted at all subregions, except in the Southeast, Northeast, and Northwest where nitrate is over
predicted by 23 to 34 percent, respectivélyndel performanceof total nitrateat suburban
CASTNetmonitoring sites showsanover predition in the Northeast, Ohio Valley, Upper Midwest,
South, SouthwesandSoutheas(NMB in the rangeof 1 to 40 percent), except in thdorthern
Rockiesand Western U.S. (NMBh the range of12 to -27 percent) Model errorfor nitrate
and total nitrates somewhatgreaterfor eachof the nine NOAA climatesubregios ascompared
to sulfate. Model biasat individual sitesindicatesmainly over predictionof greaterthan20 percentat
most monitoring sitesin the Easternhalf of the U.S. as indicated in Fige 4-13. The exceptiorto this
is in the Southern FloridaOhio Valley,Southwestand Western U.Sof the modelingdomainwhere
thereappeardo bea greaternumberof siteswith underpredictionof nitrateof 10to 80 percent.
Model errorfor annualnitrate, as shown in Figuresl2 and 415, is least at sites iportionsof the
Southeastaind extendingupwardto the Northeastorridor. Nitrate concentrationaretypically higher
in theseareasthanin other portionsof the modelingdomain.

Annual avelage ammoniummodel performancesindicatedin Table4-5 hasatendencyfor the model
to underpredict across the CASTNet sites (ranging frdShto -49 percent. Likewise, anmonium
performance across the urban CSN sites showsderpredictionin most d the climate subregions
(ranging from-8 to -45 percent) excepin theNortheast, Northwst and Soutest (over predictionof
NMB 5 and38 percent respectively).The spatial variation of ammonium across the majority of
individual monitoring sites in tnEastern U.S. shows bias witlkB0 percent(Figures 419 and 421). A
larger bias is seen in the Scedst and in the Northern Rockig®ver predictiorbias on averag&0
percenf. The urban monitoring sites exhibit larger errors thamial sitesfor ammonium.

Annualaverageslementaktarbonis overpredictedn all of the ninesubregions atirbanand rurakites.



There is not a large variatiom error statisticérom subregion to subregion or at urban versus rural sites.

Annualaverageorganiccarbonis over predictedacross mostubregions in rural IMPROVE areas (NMB
ranging from3 to 47 percent), except in tif®outhwest, Northern Rockies, aitestern U.S. where the
bias ranges betweeB to -31 percent. The model over predicted annual awecaganic carbon in all
subregions at urban CSN sitscept in the Northern Rockiasd Western U.GNMB ranges from8 to
-19 percent) Similarto elementaktarbon.error modeperformancaeloes noshow aargevariationfrom
subregiono subregioror at urbanversus rurasites.

Table 4-5. Summary of CMAQ 204 Annual PM SpeciesModel Performance Statistics byNOAA
Climate region,by Monitoring Network .

Monitor
Pollutant Network Subregion
CSN Natheast 906 -0.3 0.6 -17.0 35.2
Ohio Valley 3,037 -0.4 0.7 -17.6 35.0
Upper Midwest 1,604 -0.1 0.5 9.4 34.1
Southeast 2,066 0.0 0.6 1.0 34.5
South 1,456 -0.3 0.6 -19.0 34.6
Southwest 783 -0.1 0.3 -9.7 43.1
Northern Rockie 570 0.0 0.4 2.8 51.9
Northwest 620 0.1 0.4 15.2 55.6
West 956 -0.2 0.3 -15.3 39.6
IMPROVE Northeast 1,714 -0.1 0.3 -11.3 33.0
Ohio Valley 797 -0.3 0.5 -14.0 30.1
Upper Midwest 938 -0.1 0.4 -7.6 36.1
Southeast 1,147 -0.1 0.5 -6.6 30.1
Sulfate Souh 1,164 0.3 0.5 -19.1 36.1
Southwest 3,803 -0.1 0.2 -17.0 42.5
Northern Rockie 2,121 0.0 0.2 0.8 45.8
Northwest 1,822 0.1 0.2 38.1 65.8
West 2,400 0.0 0.3 -4.5 50.2
CASTNet Northeast 906 -0.3 0.4 -23.6 27.2
Ohio Valley 893 -0.6 0.6 -25.1 27.2
Upper Midwest 257 -0.3 0.4 -21.9 26.0
Southeast 586 -0.5 0.5 -25.0 27.9
South 377 -0.6 0.6 -30.7 32.2
Southwest 422 -0.1 0.2 -24.3 39.1
Northern Rockie 566 -0.1 0.2 -20.1 36.3
Northwest - - - - -
West 296 -0.2 0.3 -318 457
CSN Northeast 3,237 0.1 0.7 7.2 56.5
Nitrate Ohio Valley 2,841 -0.3 0.9 -18.3 55.5
Upper Midwest 1,604 -0.3 0.8 -16.9 46.9
Southeast 2,308 0.3 0.5 49.9 98.1




Monitor

Pollutant Network Subregion
South 1,238 0.2 0.6 -20.1 70.4
Southwest 783 -0.3 0.9 -29.1 80.5
Nortlern Rockies 570 0.4 0.6 -34.3 59.1
Northwest 523 0.2 0.8 27.4 98.5
West 956 -1.2 15 -49.3 65.8
IMPROVE Northeast 1,709 0.1 0.3 33.8 83.7
Ohio Valley 797 -0.2 0.6 -17.7 69.1
Upper Midwest 938 -0.2 0.6 -17.4 59.2
Southeast 1,147 0.1 0.4 27.1 96.8
South 1,164 -0.2 0.5 -25.8 75.6
Southwest 3,801 -0.1 0.2 -28.5 91.1
Northern Rockie 2,120 -0.1 0.2 -36.2 79.3
Northwest 1,807 0.0 0.2 23.3 >100.0
West 2,390 -0.3 0.5 -49.9 79.9
CASTNet Notheast 906 0.3 0.5 23.6 37.9
Ohio Valley 893 0.3 0.9 16.1 43.0
Upper Midwest 257 0.0 0.6 1.1 34.9
S Southeast 586 0.5 0.8 38.9 64.6
(NG+HNG) South 377 0.3 0.8 19.7 51.9
Southwest 422 0.1 0.3 11.0 41.8
Northern Rockie 566 -0.1 0.3 -11.8 375
Northwest - - - - -
West 296 0.4 0.7 -26.5 47.1
CSN Northeast 3,237 0.0 0.3 4.9 48.3
Ohio Valley 2,744 -0.2 0.4 -17.0 45.0
Upper Midwest 1,475 -0.1 0.4 -8.4 42.8
Southeast 1,803 0.1 0.3 17.0 56.8
South 1,230 -0.1 0.3 -208 49.2
Southwest 765 -0.2 0.3 -45.2 67.7
Northern Rockie 570 0.1 0.3 -11.0 56.4
Northwest 610 0.1 0.3 37.5 >100.0
Ammonium West 945 0.3 0.5 -43.4 64.4
CASTNet Northeast 906 -0.1 0.2 -19.0 28.8
Ohio Valley 893 -0.3 0.3 -27.6 35.0
Uprer Midwest 257 -0.2 0.3 -27.5 34.6
Southeast 586 -0.1 0.2 -15.9 28.0
South 377 -0.2 0.2 -26.8 36.6
Southwest 422 -0.1 0.1 -43.1 53.1
Northern Rockie 566 -0.1 0.1 -42.8 51.0




Monitor

Pollutant Network Subregion
Northwest - - - - -
West 296 -0.1 0.2 -49.3 59.9
CSN Northeast 3,186 0.3 0.5 50.4 76.4
Ohio Valley 2,723 0.2 0.3 35.2 62.9
Upper Midwest 1,434 0.2 0.3 54.4 70.8
Southeast 1,766 0.3 0.4 49.9 73.6
South 1,218 0.2 0.3 35.4 55.4
Southwest 769 0.3 0.4 51.7 71.3
Northern Rockie 546 0.1 0.3 24.2 86.8
Northwest 583 0.7 0.9 >100.0 >100.0
West 870 0.0 0.4 5.0 50.2
Elematal
Carbon |\ pPROVE Northeast 1,730 0.1 0.1 43.9 65.2
Ohio Valley 806 0.1 0.1 25.3 58.2
Upper Midwest 945 0.1 0.1 26.0 57.1
Southeast 1,349 0.1 0.2 41.4 64.2
South 1,160 0.0 0.1 25.7 54.9
Southwest 3,793 0.0 0.1 34.2 72.2
Northern Rockie 2,270 0.0 0.1 10.0 63.7
Northwest 1,815 0.2 0.3 >100.0 >100.0
West 2,391 0.1 0.1 39.5 83.0
CSN Northeast 3,146 2.3 2.5 >100.0 >100.0
Ohio Valley 2,692 0.5 0.9 32.9 56.6
Upper Midwest 1,426 0.9 1.2 59.7 84.8
Southeast 1,755 1.2 1.5 63.4 81.1
South 1,212 0.4 0.9 23.2 51.9
Southwest 768 0.9 1.2 67.4 89.3
Northern Rockie 510 -0.2 0.9 -18.5 72.2
Northwest 579 1.7 2.3 85.0 >100.0
West 869 -0.2 1.1 -8.7 44.3
Organic
Carbon |\ PROVE Northeast 1,724 0.3 0.6 34.4 68.6
Ohio Valley 806 0.3 0.7 28.2 59.6
Upper Midwest 940 0.2 0.6 20.5 68.9
Southeast 1,349 0.6 1.0 47.2 77.2
South 1,159 0.0 0.5 2.6 50.5
Southwest 3,180 -0.1 0.3 -10.5 56.4
Northern Rockie 2,252 -0.2 0.4 -31.1 57.7
Northwest 1,768 0.3 0.9 42.1 >100.0
West 2,388 -0.1 0.6 -8.1 63.5




S04 MB (ug/m3) for run2014ftb_CDC_WRFCMAQ cb6r3_ae6bnvPOA_12US1 for 20140101 to 20141231
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Figure 4-7.Mean Bias (ugm®) of annual sulfateat monitoring sitesin the continental U.S.
modeling domain.
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Figure 4-8.Mean Error (ugm®) of annual sulfateat monitoring sitesin the continental U.S.
modeling domain.
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504 NMB (%) for run 2014fb_CDC_WRFCMAQ_cb6r3_ae6nvPOA_12US1 for 20140101 to 20141231
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Figure 4-9.NormalizedMean Bias (%) of annual sulfateat monitoring sitesin the continental
U.S. modeling domain.
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Figure 4-10.NormalizedMean Error (%) of annual sulfateat monitoring sitesin the continental
U.S. modeling domain.
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NO3 MB (ug/m3)} for run2014fb_CDC_WRFCMAQ_ch6r3_ae6nvPOA_12US1 for 20140101 to 20141231
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Figure4-11. Mean Bias (ugm3) of annual nitrate at monitoring sites inthe continentalU.S.
modelingdomain.
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Figure4-12. MeanError (ugm®) of annual nitrate at monitoring sites inthe continentalU.S.
modelingdomain.
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NO3 NMB (%) for run 2014fh_CDC_WRFCMAQ_ch6r3_ae6nvPOA_12US1 for 20140101 to 20141231
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Figure 4-13. Normalized Mean Bias (%) of annual nitrate at monitoring sites inthe continentalU.S.
modelingdomain.
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Figure4-14. Normalized Mean Error (%) of annual nitrate at monitoring sites inthe continental
U.S. modelingdomain.
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TNO3 MB (ug/m3) for run2014fb_CDC_WRFCMAQ_cb6r3_ae6nvPOA_12US1 for 20140101 to 20141231
T - ;

T T T A Ll ! units = ug/m3
- b . S T e e
P i e — coverage limit = 75%
L — = -

(SNSRI N

N R oo

OO0 =4 4 24y

1
oo
R )

-0.8
-1

-1.2
-1.4
-1.6
-1.8
< -2

CIRCLE=CASTNET;

Figure4-15. Mean Bias (ugm®) of annualtotal nitrate at monitoring sites inthe continentalU.S.
modeling domain.
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Figure4-16. MeanError (ugm) of annual total nitrate at monitoring sites inthe continentalU.S.
modeling domain.
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Figure4-17. Normalized Mean Bias (%) of annual total nitrate at monitoring sites inthe continental
U.S. modeling domain.

Figure4-18. Normalized Mean Error (%) of annual total nitrate at monitoring sites inthe
continental U.S. modeling domain.
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