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wEPA Managing Air Quality is Complex

)g% Reqmres an understanding of complex
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phenomena, interactions, and emission sources
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EPA Atmospheric Models are Essential Tools

* Numerical modeling is required
because:

e Pollutants of concern are not
always directly emitted, but
often created in the
atmosphere

* Atmospheric chemistry is
complex and non-linear

* Atmospheric models allow us to:

e Simulate the complexity of
atmospheric chemistry

e Understand future air quality -
* Fill in gaps spatially where __ —-— v
monitors do not exist ~. Marine Vessel

* Formulate and test potential o
control strategies

"State Implementation Plan must provide air quality modeling performance to
predict future pollution levels, as EPA Administrator prescribes.” 110(a)(2)(k)(i)



wEPA AQ Models: Implementing the Clean Air Act

Evolution of EPA’s models guided by increasingly complex application & assessment needs
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- Acid Deposition
- Ozone

Model Development & Applications



<EPA What is CMAQ?

CMAQ, (see-mak) is an active open-source development
project of the US EPA that consists of a suite of programs
for conducting air quality model simulations.

For over two decades, EPA and states have used EPA’s
Community Multiscale Air Quality (CMAQ) Modeling System,
a powerful computational tool for air quality management.

CMAQ brings together three kinds of models:

 Meteorological models to represent atmospheric and
weather activities

* Emission models to represent man-made and naturally-
occurring contributions to the atmosphere

* An air chemistry-transport model to predict the
atmospheric fate of air pollutants under varying
conditions CMAQ Fact Sheet October 2022 (pdf)



https://www.epa.gov/system/files/documents/2022-10/CMAQ_Factsheet_2022.pdf

wEPA CMAAQ is used for Air Quality Assessments

States

e State Implementation Plans to
attain NAAQS

* Regional Haze Rule

EPA

* National Rulemaking
e Clean Air Interstate Rule

* Clean Air Mercury Rule

 Renewable Fuel Standard Act-2
* Updates to NAAQS

Other Federal Agencies

* Deployed in NOAA/National Weather Service’s
National Air Quality Forecast Capability

e Centers for Disease Control and Prevention
(CDC)

* Tools for county-specific air quality information
* 4th National Climate Assessment (USGCRP)

Academia

e Research tool

International

 Worldwide: users in 125 countries



wEPA Nonattainment Presents Unique Challenges

Nonattainment Classification: O, Nonattainment Classification: PM, .

] ] Stratospheric O,
Complex terrain/elevation /
a-HouP\Dmne Nonattainment Afeas (2008 Standard)

f Land-water interface

Stable air masses/cold pool (also in Fairbanks, AK)

PM-2.5 Nonattainment Areas (2012 Standard)
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Modeling is often tailored to address local issues. Each location has unique process and modeling challenges
from emission sources, meteorological conditions, geographical features, and/or non-controllable sources.

Metro-agro complexes




< EPA Features of the CMAQ Modeling System

Simulated Trends (1990-2010) in Ambient PM, .

Annual PM, 5 in 1990 Annual PM, 5 in 2010

 Comprehensive Chemical Transport Model
* Emissions, advection, diffusion, chemistry, deposition

* Multiscale: Hemispheric = Continental = Regional = Local
e Multi-pollutant & multi-phase:
* Ozone (0,) photochemistry

C Pa rticulate Matter (PM) 120°W 110°W v‘ 10“ 20w 80°W 120°W 110°W ) 10 80°W B80°W 120%W 1105w |0(:‘W SO:W QOLW
. : W | . | EEEES
° Sulfate’ n|trate’ ammonium 2 4 6 8 101214 1682 0 0.5-04-0302-01 0 0102030405 "o Y
* Organic aerosol Simulated Trends (1990-2010) in Nitrogen Deposition
* Natural aerosol (wind blown dust, sea salt) TIN in 1990 12010 N end

* Acidifying and eutrophying atmospheric deposition
* Wet and dry deposition
* Air Toxics
* Benzene, formaldehyde, mercury, etc.
* Research/exploratory e R R
* Pollen, nano-materials, PFAS T e e EEEECLTCE

Zhang et al., ACP, 2018

Download CMAQ at https://www.epa.gov/cmaa/ g



https://www.epa.gov/cmaq/access-cmaq-source-code

wEPA Many Emissions Sources Considered in CMAQ

BlueSky
Wildfire
Emissions

National SMOKE

Emissions ..
(Emissions

Inventory :
Processing

Software)

MOVES

(Mobile
Emissions
Processor)

EGUs

Non-EGU point sources
Agriculture

Trains

Passenger vehicles
Offroad vehicles
Onroad shipping
Construction

Wildfires

Residential fuel

Consumer products

\
9
A\

R
1 . |

 CMAQ allows direct scaling
of emissions by species,
sector, and location

e Easy to introduce emissions
for new pollutants

* Direct scaling of emission
sources computed inside
CMAQ (e.g., wind-blown
dust, biogenic compounds)



vEPA Primary Updates in CMAQv5.4

Updated chemistry for ozone and PM from
global-to-local scales

Expanded biogenic emissions options
Improved modeling of aerosol dry deposition
Simplified model evaluation workflows

Improved visualization of meteorology and
air quality data

Streamlined coupling of CMAQ with
meteorological models

Improved CMAQ instrumented extensions

New diagnostic and output tools

10




EPA Improving Estimates of Particulate Matter

Introducing the Community Regional Atmospheric Chemistry Multiphase Mechanism

. . . . . . NO BrO CFCs HFCs O,
« CMAQ historically has relied on empirically derived i o HCFCs H,S0, neg HC!

anthropogenic secondary organic aerosol (SOA), an important gy 3. Chem.
component of PM, .

e CRACMM (Pye et al., 2022 ACPD) provides a bottom-up approach as Shn RIE |
to SOA formation and supports source apportionment of SOA o Dt heosol 12
* Emphasis on process-based design =

e Multi-phase chemistry approach

* Incorporates autoxidation, aromatic chemistry, oxygenated
hydrocarbons, organic nitrate chemistry

* Developed with a specific consideration of health applications
e CRACMM available in CMAQv5.4 as a research option

* Currently, CRACMM expected to become the “flagship” chemical
mechanism in CMAQ in 2025

Image: Burkholder et al., ES&T, 2017

Lead PI:
https://www.epa.gov/cmag/cmag-fact-sheets Havala Pye'!



https://www.epa.gov/cmaq/cmaq-fact-sheets

wEPA Tools for Air Quality Managers

Research or <.-

—

/\ \ ; ~ '~~ TN 3 .
W _eSDW T T Air Quality
= = > Model Result and

Policy question 1T ~< -

D ESI D . Detailed Emission Scaling, Isolation and
* Diagnostics Module

Allows easy scaling of input emissions

Easy specification of regions and aggregated emission types
Define any number of diagnostic files

Sum multiple streams to one diagnostic file

Choose individual variables, all variables, or sum variables

/ o Interpretation

——

E LM O . Explicit and Lumped CMAQ Model Output
" Module

Simplifies the CMAQ output files

Reduces required post-processing of CMAQ output
Online processing of aggregate variables (e.g., PM, )
Instantaneous and/or average files

Reduces required disk space

Lead PI:
Ben Murphy’



SEPA . Accounting for Emissions from Ocean Water

» Halogens (e.g., iodine, bromine)
from oceans can affect ozone
concentrations in air

* Including these reactions in CMAQ
improves accuracy of ozone
concentrations:

* in simulations with large expanses of
open ocean (e.g., hemispheric and
global simulations)

* near coastal regions (e.g., southern
CA, Houston, NY-NJ-CT) in regional
CMAQ simulations

e Updates in CMAQv5.4 further refined
and improved the marine chemistry
treatment in CMAQ

https://www.epa.gov/sciencematters/modeling-research-shows-how-salty-ocean-air-impacts-ozone-pollution

Lead PI:

13
Golam Sarwar



wEPA Estimating NO, Emissions from Lightning

National Lightning Detection Network

50
|

* Lightning strikes are an important natural
source for NO, emissions

45

* Lightning has important implications for simulating: 8 .
* Ozone s 2
* Nitrate deposition N 3
S gl M 3
e Lightning NO (LNO) production in CMAQ, uses either: ~120 -110 -100 -0 80 _ -70 0.25 o
» observed lightning flash data (NLDN) or 8 02 ©
e climatological lightning data and meteorology 2 H\/ . 015 g
e CMAQv5.4 has been updated to use alternative and ? - f R’ 0.1 g
readily available sources of lightning flash data, such 05 . T 0.05
as the World Wide Lightning Location Network X 7
(WWLLN) and satellite retrievals R
September
& i, CERLEE Lead PI:

I ]

-120 -110 -100 Daiwen Kang



v EPA Generating Biogenic Emissions within CMAQ

- 50°N

N |

e Biogenic (e.g., plant, tree, soil) emissions
are an important natural source of
emissions (e.g., isoprene, terpenes, NO)

al7 |- a5°N

- 40°N 1.75

o
- 35¢ )
Sath:: 2 1.25
I~ 30°N :

~ 25°N

* Biogenic emissions have important implications for
simulating:

* Ozone :

» Secondary organic aerosol (SOA) : J N

* Prior to CMAQv5.4, the only option for inline
biogenic emission production in CMAQ was the
Biogenic Emissions Inventory System (BEIS)

50°N —

2.25
45°N —

— 40°N 1.75

o
- © ©
5N g 1.25
- 300N .

" Lead PI:
&N Jeff Willison
15

e As of CMAQv5.4, the Model of Emissions and
Gases from Nature (MEGAN) is also available.

MEGAN can be used for simulations beyond the US

35°N —

30°N —

25°N —




< EPA Generating Wind-Blown Dust in CMAQ

e Wind-blown dust (WBD) is an important Percent difference in WBD emissions between

. CMAQv5.3.3. and CMAQV5.4
natural source of particulate matter g'_ ' <

 WBD has important implications for simulating: _
* PM,.and PM,,
* Solar radiation and ozone (indirectly)

 WBD production in CMAQ relies on: ;
« Meteorology (e.g., wind speed, S C Y
precipitation) o}
* Land-use characteristics : e

« WBD model in CMAQ

* Updates to the WBD model and other updates in
CMAQv5.4 result in increased dust emissions

120W

across the Northern Hemisphere

Lead Pls:
Fahim Sidi (EPA) and Hosein Foroutan (VA Tech) '°



EPA Impact of Volatile Chemical Products on PM

As VCPs take on a greater role in
PM, ., research suggests that the
National Emissions Inventory
(NEI) may underrepresent some
VCPs by a factor of 2-3.

Emissions from VCPs are added
to CMAQ to examine impacts on
PM, O;, and toxics.

Photo:
https://esrl.noaa.gov/csd/news/2018/231_0416.html

Percent VCP Contribution to SOA

Percent VCP Contribution to PM> 5

Annually:

VCPs contribute:

e upto0.55 pug m3
to annual PM, .

e upto3ppbto
annual MDAS8 O,

* to formaldehyde
as well

Lead Pls:
Havala Pye,
Karl Seltzer




<EPA

CMAQ contains two dry deposition models, M3Dry
and STAGE

Both models were updated in CMAQv5.4

M3Dry updates include:

III

* New representation of “leaf-level” microscale features
to correct underestimation of PM dry deposition

* Increases deposition to forested areas, resulting in 10-
40% reductions in regional PM, .

STAGE updates include:

e Option to toggle between multiple deposition models
(i.e., Emmerson et al. (2020), Pleim et al., (2022))

* Reduced redundant land-use categories

» Easier control of species and land-use specific data

Aerosol Dry Deposition Updates

Evergreen Needleleaf Forest

3
1 O = Slinn (1982) Lorenz/Murphy (1989) Gronholm et al. (2009)
Zhang et al. (2001) & Waraghai/Gravenhorst (1989) Vong et al. (2010)
e Petroff & Zhang (2010) ® Beswicketal (1991)case 1 B Mammarella et al. (2011)
CMAQv5.3 w*=1 A Beswick et al. (1991) case 2 Gordon et al. (2011)
102 w— CMAQV5.3 w*=2 @ Gallagher et al. (1997) @® Llavietal (2013)
= New CMAQ Wyers/Duyzer(1997) Zhang et al. (2014)
=== Emerson et al. (2020) M Buzorius et al. (2000) M Sunetal. (2014)
A Hofken/Gravenhorst (1982) & Ould-Dada (2002) V¥ Pryoretal. (2007)
Hicks et al. (1982) Gaman et al. (2004) @ Deventer et al. (2015)
1 O 1 V¥ Grosch/Schmitt (1988) A Gronholm et al. (2007)
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Lead Pl (M3Dry): Lead Pl (STAGE):

Jon Pleim

Jesse Bash 18



vEPA Simulating Emerging Pollutants of Concern

CMAQ is used to simulate local atmospheric fate and =
. ©
transport of per- and polyfluorinated substances (PFAS). 3
=
» Model a production facility with documented air emissions ;
(=)
» 26 individual PFAS and 1 additional lumped species were 3
added to CMAQ s
2018 Annual \’\

Long-Range Transport (> 150 km) PEAS Emissions

(1;54'20;;) kg yr 109,000 kgyr'  Deposition and air concentrations

are highest near the facility,
decreasing rapidly with distance.

Mean 2018 S 3 3 = 2
a I A © ) © 9 2

depos'tz'c(’j” R = = = = - 5% of total emissions by mass are

nem- av” M~ ::l‘ o o0 ~ o . . N -~

[(;ofannzaﬁ ” @ ~ = deposited within ~150 km of the

(o}

emissions) facility; the remaining mass is

¢ ¢ ¢ ‘L ¢ ¢ transported farther.
150 100 75 50 35 20
Lead Pls:

Emma D’Ambro e

D’Ambro et al., ES&T, 2021
Benjamin Murphy



wEPA Air Quality: A Global Transport Issue

CMAQ Simulation of
Trans-Atlantic Transport of Saharan Dust Examining US air quality in context of
20 124 = o , .
I \ ] B the changing global atmosphere
18 N Chocosey d ;

* Pollutants near the Earth’s surface
can be lofted to higher altitudes
where strong winds can efficiently
transport then from one continent
to another

16
14
12

10

* Need to accurately represent the
global emission and transport of
pollutants to estimate US
background pollution

1 concentrations

58 187
July 25,2006 0:00:00 Lead PI:
Min= 0 at (187.4), Max= 238 at (161,80 )
(187.9) ( ) Rohit Mathur 20




wEPA Simulating Global Influences on Local AQ

Consistent Representation of Air Pollution Process-Interactions Across Scales (MPAS-CMAQ)

e Linking CMAQ with the Model for Prediction Across
Scales (MPAS)

* Seamless mesh refinement to local scales

* Finer resolution in regions of interest

 Lack of discontinuities at boundaries improves
results

Pleim et al., EM, 2019

Long-range O; Transport

SFC 03 (ppb) - Jul 1, 2016:00
<5 =

Lead PI:
Jonathan Pleim 21



wEPA Air Quality-Meteorology-Climate Interactions

Optical and Radiative Properties of Particulate Matter

Xing et al., ES&T, 2016, https://doi.org/10.1021/acs.est.6b00767 Two-Way Coupled WRF-CMAQ
\‘\ : )/!:_‘ Wong et al, 2012, https://doi.org/10.5194/gmd-5-299-2012
gy
o

Feed backé

| e akentce,
m ® @) Reduced radiation e

o0 Q0 reaching the

surface reduces

eo® absorbing . scattering h L
00’ aerosols | aerosols surtace mixing, 16 : R G
Merosols can act ta warm air (e g sulfate) 'potentl'ally ' LL A€1 ; P P ~l trviTransport
(e.9BC) increasing pollution e & ‘ ) .‘ AQ Model

‘seed” clouds concentrations : : : CMAQ Modeling System with

Particle concentrations and composition need to be considered
to accurately simulate air quality and the effects of a changing
climate. CMAQ specific requirements for two-way coupled WRF-
CMAQ are included in the latest WRF model release.

22



https://doi.org/10.1021/acs.est.6b00767

<EPA

Atmospheric Model Evaluation Tool (AMET)

* Packaged software for evaluating AQ and Met models
 MySQL database for data storage and access
e Fortran and R post-processing tools
» R software for database interface and analysis

e Advantages of AMET

Capable of managing large datasets efficiently

Partially automated system, therefore easy to use

Relational database allows for unique querying of data
Pre-defined analysis scripts for common analysis across groups
Users can easily develop their own custom analyses in R

Lead Pls:

EPA Link: AMET Description and Download Information Wyat Appel

Rob Gilliam

Tailored Model Evaluation Strategies

| Overview of AMET Data Flow

Observational

Model
Data

Data

Obs Cl Combine, Model
Post-Processor etc. etc. Post-Processor

A) Obs-Model Matching
Obs-Model

. B) Generate Database Records
Synchronization

C) Connect to Database and Insert Records

User Interface
A) C-shell Scripts

Analyses / Model
Evaluation Plots ————— B) Command-line

Java (Future)


https://www.epa.gov/cmaq/atmospheric-model-evaluation-tool

<EPA

Extensive Evaluation Against Observations

(O

Match to Obs m Evaluate

Input: CMAQ Input: CMAQ Input: .csv files

. ost-processed
23;2 uptrocessed zutptft ¥ Output: database,
observations

Output: .csv

Output:
graphics files

Aggregated files

Output: graphics
files, html

1 GB Paired
Model/Obs
Data

Post-processing 1 month of model output for the continental US

24



Ozone estimates improve with CMAQv5.4

MDAS8 O, Bias (ppbv)

—15

Reduced underestimation
of O in winter and spring
with CMAQv5.4

Jan

Jul

Date

Aug

Sep

Oct

Nov

Dec

25



wEPA Large improvement in O, in Spring

Difference in seasonal MDAS8 O, bias between CMAQv5.4 and v5.3.3

CMAQv54_12US1_2018_Base_M3DRY - CMAQv533_12US1_2018_Base_M3DRY 03_8hrmax Bias
. Diff March to May 2018

Along with
temporal
comparisons,
evaluations
include spatial
comparisons to
observations

03_8hrmax (ppb)

Bias Diff (mean)
55--50
50--45

45--40
40--35
35-30
30--25
25-20
20-15
15-10
10-05
3 05-00
0.0-05
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PM, . Estimates Similar with CMAQv5.4

Daily PM, . Bias (ppbV)

Jan

v5.3.3

Increased underestimation
of PM, : in spring and
summer with CMAQv5.4

Feb Mar Apr May Jun

Jul

Date

27



Higher Bias in PM, ; in Summer w/ CMAQv5.4

Difference in summer PM, . bias between CMAQv5.4 and v5.3.3

T'@) QMQICBH

Summer

CMAQv54_12US1_2018_Base_M3DRY - CMAQv533_12US1_2018_Base_M3DRY PM_TOT Bias Diff
June to August 2018
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Chesapeake Bay
Climate Scenarios

Green
Infrastructure

Emissions

Development Model

Application
and
Evaluation

Application-
Driven Model
Development

e Modify CMAQ to

meet research
partner needs

¢ Feedback from
research partners

e Lessons from
model evaluation

Identify
Model and
Measurement

Measurements
and Detailed
Field-Scale
Modeling

e Design field
experiments

e Develop & apply
field-scale models

Application-Driven Model Development

CMAQ development
draws from partner
needs. It includes a
feedback cycle that
links development,

evaluation, and
applications. It
incorporates suites of
observations to inform
scientific advancement
for Agency needs.

Image adapted

from J. Bash =



<EPA

Sound Science is a Foundation for

Regulatory Actions and Implementation

Transparency & Reproducibility

https://www.epa.qov/cmaq
SEPA

Community Multiscale Air Quality Modeling System (CMAQ)

Download CMAQ

= Documentation
= Source code
= Datasets

Dissemination

h

Number of Publications

CMAQ Downloads by Country Since September, 2005 {t

(All versions)

oy S

| 'w' ‘.
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?

¥
L]

2
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@ 4 &"

o8

e

9
)
o
8
@

Number of CMAQ Publications Based on Google Scholar Search Results

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

D
o
o

External Peer Review

= External panels comprised of
International experts in
atmospheric modeling &
applications

= Six peer reviews since 2000;
most recent in May 2019

= Panel’s findings and our
responses accompany the
public release of the model

= CMAQ is open source and
free, with a large userbase
that acts as a de facto peer-
review

30


https://www.epa.gov/cmaq

<EPA

Partner Need: Quantifying Wildfire Impacts

August 4, 2017

PMZ.S L

LN

ayer 1 PM25_TOT[2]
NC_PM25PIus. 20170804

[21=CCTM_ACO|

uafms

0.120

0.060

Fighting to breathe in the face

of Canada’s wildfire emergency

By Mika McKinnon in Kamloops, British Columbia
www.newscientist.com

a

https://earthobservatory.nasa.gov/NaturalHazards
/view.php?id=90695

Haze hangs over Seattle as smoke from B.C.

wildfires drifts into Washington
by: KIRO 7 News Staff Updated: Aug 2, 2017 - 6:25 PM

CMAQ not only
predicts movement of
smoke from wildfires,

but also simulates the
atmospheric chemistry
related to wildfire
emissions.

31




EPA Partner Need: Quantifying Impact of Emissions

* For policy applications it is often the response of model predictions to emission changes that
inform decision making

* The Integrated Source Apportionment Method (CMAQ-ISAM) quantifies the contributions of
various emissions to pollutant levels

Sulfate EGU Taq Nitrate Onroad Tag NH4 Agri. Tag
Annual Average Annual Average Annual Average
I 4.00 112 I 1.00112 I 3.00 112
3.00 0.75 225
2.00 0.50 1.50
1.00 0.25 0.75
000 1 000 1 000 1
micrograms/m{™3 micrograms/mi™3 148 micrograms/mi™3
January 1.2005 0:00:00 January 1,2005 0:00:00 January 1,2005 0:00:00
Min="0.00 at (143.2), Max= 1.02 at (125,64) Min="0.00 at (1,109), Max=3.32 at (105,62)

Lead PI: 37
Sergey Napelenok



<EPA

O, Transport across the Long Island Sound

12-km resolution 1.33-km resolution

100

90

80

70

&0

20

40

30

20 - F“h
ppb 20 UTC July 10, 2018

Responding to needs from EPA Regions 1 and 2, higher
resolution modeling enables better representation of:

* Pollution transport across the sound
* Impacts on locations along the Connecticut shore-line

e Regional strategies to address nonattainment

Partner Need: Local Air Quality Characterization

Long Island Sbﬁgn,.d Ozone
Transport Study (LISTOS)

Y Hammonasset Stat_e Park
. New Haven y_# Ty
~_—Outer Island—_—

o oF

| \!‘

Sherwood Isfand §

. S g i
~\Bronx Pfizer B¢ ! A~ Fidx Pon }_'vr‘( 2 4
-t g Ny v

L "CCNY § =¥
[\l

. y
L St = \
-y T 5 i \. —
. p
X

Bayonne )g L

e

Ry
S Rutgers’

This work will ultimately improve the science in CMAQ
with better representation of:

* Land/sea breeze circulations

* Low-level “jets” (airflow)

* Urban-scale physical processes

Lead PI:
Jon Pleim >3



wEPA Partner Need: Deposition to Chesapeake Bay

ORD has a very long history working with Maryland and other groups
on deposition to Chesapeake Bay.

Model Data Input Watershed Model Estuary Model Prediction of Impacts
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CMAQ application and development has been an important part of the Chesapeake Bay work.

Lead PI:
Jesse Bash



EPA Partner Need: Alaskan Wintertime PM,

* Fairbanks, Alaska and regions near the North
Pole exceed daily fine particulate matter (PM, ;)
standards

* High wintertime PM, . episodes are
characterized by low winds, strong temperature
inversions, and high home heating emissions

* The Alaska Pollution and Chemical Analysis
(ALPACA) field campaign aims to better
understand PM formation in these areas

* ORD researchers are working with Region 10, the
State of Alaska, and other partners to use CMAQ
to simulate the areas at a fine scale

e The sulfur tracking capability in CMAQ is used to
understand the role of SO, emissions and sulfate

Lead Pls:
formation in wintertime exceedances Kathleen Fahey, Sarah Farrell, George Pouliot, and Rob Gilliam =



< EPA CMAQ in the Cloud: Computing, Analysis, Data

Exploring cloud computing and data storage
for CMAQ

Goal: enable states and Multi-Jurisdictional
Organizations (MJOs) to more easily receive/send
large data sets and to conduct modeling and analysis
in the Cloud, which could:

* Provide a cost-effective data sharing and modeling
solution

e Improve ability of states/MJOs to conduct
simulations to meet their needs

 |mprove sharing of information between
states/MJOs and EPA

 |mprove efficiency of OAQPS sharing data sets and
assisting states/MJOs in configuring simulations

e Support research groups
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Lead PlIs:
Fahim Sidi

Image: Knowarth Technologies via Medium Kristen Foley



EPA EQUATES: EPA’s Air QUAIity TimE Series

CMAQv5.0.2 2002-2010 Trends

* Long-term CMAQ simulations: | "
ol | 60 1 e
« Decadal CMAQ simulations have been used for a wide 55 1 5] e 60 |
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* CMAQ modeling of 2002-2019 has been created for - - 4? v A8
the Northern Hemisphere and contiguous US using s I%I\S‘g %i:ﬁ{ Samave - NI
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updated models and emissions datasets i s I‘"\ yﬁ% %W“Eg\\——/\,
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* Model output will be available to collaborators > 002 2005 2008 320()\2\\\29?7&\2008 > :W\: %%OQ%B'QS 2008
] 45 \/\_/\ e==()bservations
* EQUATES team members include ORD (CEMM) and Max Daily 8-hr O, (ppb) 21 1 —poE
OAR (OAQPS, OTAQ) 2002 2005 2008 CODEP

EQUATES modernizes the version of CMAQ (v5.3.2)

e Additional information on EQUATES is available at

R 2 o0y /cmao/equates. and supersedes the previous time series based on

CMAQv5.0.2 to unify modeled data for applications.

Lead Pls:
Kristen Foley and George Pouliot



https://www.epa.gov/cmaq/equates

< EPA CMAQ Research Impact

2021 CMAQ Publications per Coauthoring Country

2021 Publications Metric Analysis (Courtesy: EPA-RTP Library)

[ 53 journal & conference proceeding
titles

1 Authors from 355 organizations
across 26 countries

O Over 57% of 2021 publications already
cited resulting in >340 citations

O The 5 journals with most CMAQ
mentions in 2020 are in top quartile
based on impact factors
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wEPA Supporting the CMAQ Community

We are partnered with the CMAS Center at
University of North Carolina to support CMAQ

and affiliated software products.

Training (on-site, online, and across the globe)

Advanced CMAQ testing

Outreach

https://www.cmascenter.org/

Model support (via https://forum.cmascenter.org)

, e INSTITUTE FOR
Annual technical conference @UNC I e T

Data Warehouse

Mutual research initiatives
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https://www.cmascenter.org/
https://forum.cmascenter.org/

< EPA EPA Regional Air Modeling Contacts

* Each of the 10 EPA Regions maintains =B
experts and points of contact for air @ . S , o =
modeling functions within the Region . g " 0" v & e

NV 0 . . " 6 D‘.Cj-
* Experts are available for various needs: A LA S . o ol L/ ¥ D
> SIP Modelin ¥ S "0< >
» Permit Modeling o T A . Headarers
» Mobile Source Modeling B o

American Samoa
. . . Northern Mariana @
> Air Toxics Modeling lands.

https://www.epa.gov/scram/air-modeling-regional-contacts



https://www.epa.gov/scram/air-modeling-regional-contacts

EPA Contact

K. Wyat Appel

Physical Scientist
Center for Environmental Measurement &

Modeling
US EPA Office of Research and Development

appel.wyat@epa.gov

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RESEARCH AND DEVELOPMENT

The Team

Disclaimer: The views expressed in this presentation are those of the authors and do not necessarily reflect the views or policies
of the US EPA.
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