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U.S. EPA National Ambient Air Quality Standards (NAAQYS)

* The CleanAir Act (CAA) gives the U.S. EPA the authority to
establish NAAQS to protect public health and the environment

* NAAQS have been established for six pollutants:

— Ozone(0;), particulate matter (PM, . and PM, ), carbon monoxide (CO), lead (Pb), nitrogen
dioxide (NO,), sulfur dioxide (SO )

= EPA reviews the standards every five years

* Independent Clean Air Scientific Advisory Committee (CASAC) advises EPA
in the standard development process




U.S.EPA NAAQS Review Process
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Planning J

e Begins with a science policy workshop to gather input from
scientific community and public

]

Integrated Science Assessment (ISA) )

e Comprehensive review, synthesis, and evaluation of the most
policy-relevant science

Integrated
Science
Assessment
(ISA)

]

Risk/Exposure Assessment (REA) )

e Assessment draws on previous information to characterize
exposures and associated risks to health and the environment

Planning

-
/

Risk/Exposure
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(REA)
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Rulemaking

]

Policy Assessment (PA) )

« Staff analysis of scientific bases for alternative policy options for
consideration
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Rulemaking )

= EPA develops and publishes a notice of proposed rulemaking for
updating NAAQS based on information from prior steps

-
/

J
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Policy
Assessment
(PA)
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https://www.epa.gov/criteria-air-pollutants/process-reviewing-national-ambient-air-quality-standards
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U.S.EPA NAAQS Compliance Assessment
= The U.S.EPA uses“design values” to Tl

describe a given location’s air quality levels
relative to the NAAQS

— Designates ‘nonattainment’ areas

— Assesses progress towards meetingthe NAAQS,

classified as ‘Maintenance’

* Design values are calculated as 3-year averages of the pollutant’s ‘form’ (see
previous table)
— Ex:The 24-hour design value site for a nonattainment area has the following 98t percentile readings

for the most recent 3 years of data; O zone design value is the annual four th-highest daily maximum
8-hour concentration, averaged over 3 years;

* Design values exclude erroneous measures, measures captured during
‘exceptional events’, and measures captured by monitors with network/site

Issues EPA Map of DesignValues: EPA design values assessment tables:
https://epa.maps.ar cais.com/apps/MapSeries/index.html?appid=bc6f3a961ea14013afb2e0d0e450b0d1  https://www3.epa.gov/airquality/greenbook/kdtc.html 6
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M ain Elements of the PM N AAQS Final Decision

On Feb. 7,2024, EPA strengthened the N ational Ambient Air Q uality Standards
for Particulate Matter (“PM NAAQS") to protect millions of Americans from

har mful and costly health impacts, such as heart attacks and premature death. Primary (H ealth-Based)
EPA strengthened the level of the primary (health-based) annual PM, s Standard
standard for fine particles (PM, ) to 9.0 micrograms per cubic meter NAAQS | Annual | 24-hr
3 : ' : Decision | (ug/m3) | (ug/m3)
(ug/m?3) to reflect the latest available health science.
EPA did not change all other PM standards: 1997 15 £
e The primary (health-based) and secondary (welfare-based) 24-hour PM, . 2006 > 3
standards stay at the level of 35 pg/m? 2012 12 35
e The primary and secondary 24-hour PM,, standards stay at level of 150 2020 12" 35°
ug/m3 2024 9 35°
» The secondary annual PM, . standard stays at the level of 15.0 pg/m? "Retained, without revision

EPA also:

e Revised the Air Quality Index (AQI) to improve public communications
about the risks from PM, . exposures

e Made changes to the monitoring network to enhance protection of air

quality in communities overburdened by air pollution i Kelly, CMAS 2024
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Air quality index (AQI)

2024 AQl for Fine Particle Pollution

(Breakpoints are in micrograms per cubic meter)

AQI Category and
Index Value

Moderate
(51 — 100)

Very Unhealthy
(201 — 300)

Hazardous
(301+)

Previous AQI Category
Breakpoints

Updated AQI Category
Breakpoints

What changed?

0.0to 12.0

0.0t0 9.0

12.1to 35.4

9.1to35.4

EPA updated the
breakpoint between
Good and Moderate to
reflect the updated
annual standard of 9
micrograms per cubic
meter

35.5t0 55.4

35.5t0 55.4

No change, because
EPA retained the 24-
hour fine PM standard
of 35 micrograms per
cubic meter.

55.5to 150.4

55.5t0125.4

150.5 to 250.4

125.5to0 225.4

250.5 to 350.4 and

350.5 to 500

225.5+

EPA updated the
breakpoints at the
upper end of the
unhealthy, very
unhealthy, and
hazardous categories
based on scientific
evidence about particle
pollution and health.
The Agency also
combined two sets of
breakpoints for the
Hazardous category
into one.




Implementation Timeline Annual PM, . NAAQS

E ffective date of final revised NAAQS, May 6, 2024 — Revised standard applies with respect
to pre-construction Prevention of Significant D eterioration permitting upon the effective date, May
6,2024

W ithin 2 years after the promulgation, by February 7, 2026, of a revised NAAQS -
Based on available information, including most recent monitoring data, EPA must "designate" areas
as meeting (attainment) or not meeting (nonattainment) the revised NAAQS considering input
from states and tribes.

e All PM, . nonattainment areas are initially classified as “Moderate.” (CAA §188)

W ithin 3 years after the promulgation, by February 7,2027, of a revised NAAQS -All

states and territories are required to submit SIP revisions to show they have the basic air quality

management program components in place to implement the final NAAQS and address interstate
transport (commonly referred to as “infrastructure SIPs”). (CAA §110)

W ithin 18 months after the effective date of nonattainment designation - SIPs for
attaining the PM, . NAAQS are due, likely in Fall 2027. (CAA §189)

End of the 6th calendar year after the effective date of designations —“Moderate” area
attainment date, likely in 2032. (CAA §188) jim Kelly, CMAS 2024
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Air Benefit and Cost and Attainment Assessment System (ABaCAS)
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DeepRSM: Deep-learning air quality response surface model

Technical Support Document for the
Proposed PM NAAQS Rule

Response Surface Modeling

U.S. Environmental Protection Agency
Office of Air Quality Planning and Standards
Research Triangle Park, NC 27711
February 2006

pollu‘hmt
‘ -

Lol = =

Instant AQ responses

Single scenario to multi-region sources based on polynomial functions
{brute-force} 1o eTissions change
avma= T
Reglon . R
Emissions Reglnn B
Change
Reglarl C

CMAQ, CAMx, etc.
wiag Brute-force runs

Model runs required:

Wang et al., ES&T, 2011 Zhao et el., GMD, 2015 Xing et al., ACP, 2018
Xing et al., ACP, 2011

> 1000s

C:) Pollutant & [PM)

How to further
reduce number of
model runs required
in RSM?

Instant AL responses Multi-pollutant responses

>
Deep-RSM
Xing et ol.,, ES&T, 2020
Xing et al., Atm. Res., 2022,

S| pf-RSM

Zhao et ol., ACP, 2017
Xing et al., ES&T, 2017

Lietal, JIEM, 2022

>100s >20 2-(Base & Control) 4

/o
EPA Pilot Application of Deep Learning
Response Surface Model (DeepRSM)

NOx 25% reduction

— A

s [

VOC/NOx/S02/NH3 25% reduction

 Eociame |
| ;*%*siﬂ’ i

VOC/NOx/S02/NH3 50% reduction VOC/NOx/SO2/NH3 75% reduction

| Joey(liaoyan) Huang®”,

Disclaimer: The views expressed in this presentation are those of the authors and do not
necessarily reflect the views or policies of the U.S. Environmental Protection Agency.

Huang et al., CMAS conference, 2023

Carey Jang?, Jim Kelly?,
Jinying Li2, Shicheng Long?, Yun Zhu?, Jia Xing3

1: Office of Air Quality Planning and Standards, U.S. EPA
2: School of Environment and Energy, South China University of Technology
3: Department of Civil and Environmental Engineering, the University of Tennessee

CMAS at Chapel Hill, NC
Oct 2023
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Emission-
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relationship
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polynomial
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New version: high efficiency and accuracy

Xing et al., ES&T, 2020



Modeling PM, : for a Future Analytic Year

Understanding of the scope of PM, . attainment challenges under the Change in U.S.
2024 NAAQS can be improved by examining the exceedances that Anthropogenic Emissions:
remain after accounting for expected emission reductions from finalized 2018 to 2032

rules Absolute
In the PM NAAQS RIA, national 12-km photochemical air quality ool "C/;’l Ch‘i‘;l‘gge
modeling was performed with CMAQ for 2018 and 2032 to project 2032 ISR -CNUINTIRDD)
DVs using 2016-2020 PM, . monitoring data NOx -41 -3.6
Finalized rules” reflected in the 2032 emissions case include: S0, -48 -1.1
 EGU: Inflation Reduction Act of 2022 (IRA) Tax Incentive Provisions; 2023 Final Good PM, « -/ -0.12
N eighbor Plan; 2021 Revised Cross-State Air Pollution Rule Update; 2016 Standards VOC v 09
of Performance for Greenhouse Gas Emissions from New, Modified, and i o
Reconstructed Stationary Sources; 2011 Mercury and Air Toxics Rule (MATY) NH, +4 +0.2

* Mobile: 2022 Control of Air Pollution from New Motor Vehicles: Heavy-D uty Engine
and Vehicle Standards; 2021 Final Rule to Revise Existing N ational GHG Emissions
Standards for Passenger Cars and Light Trucks Through Model Year 2026; 2020
Heavy-Duty Engine and Vehicle Standards SAFE Vehicles Final Rule for Model Years
2021-2026; 2016 GHG Emissions Standards and Fuel Efficiency Standards for Medium-
and Heavy-Duty Engines and Vehicles, Phase 2; 2014 Tier 3 Motor Vehicle Emission

and Fuel Standards
Jm Kelly, CMAS 2024 15



Projected Nonattainment for 2032 Analytic Year
S
NP
Y

Counties with monitors projected to exceed the annual standard in 2032 can be classified as follows:

« Pacific NW and N. California: Exceedances are associated with woodsm oke emissions in small mountain valleys that
experience wintertime temperature inversions as well as wildfire influence

» Major CA Air Basins: Exceedances due to complex/long-standing local challenges in meeting PM, . NAAQS (e.g,
SN/SoC AB) as well as wildfires

» US-Mexico Border: Counties are influenced by cross-border transport, dust, and local emissions

» Eastern US: Exceedances are generally associated with the urban, near-road, and nearby source PM, . increment

13



O utlines

= Net-zero carbon co-benefit
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GCAM-ABaCAS integrate assessment system in the U.S.

»GCAM-ABaCAS system:climate and air quality (AQ) strategy, energy structure
projection, non-energy activity rate, air quality and health assessment

(CPP,NDC, etc.) ' @/242& s Air Benefit/Cost: & Attainment: Assessment: System
! | ke e
Climate/AQ :' A%acns
Policies & [
. . I f_§, ool B cow]
Scenarios Air Pollutant g
Emissions —D o e
Input | Data Reduction T « B e s NS
L@ s p—
Health Benefit

Air Quality Benefit Ajr Quality Attainment

GCAM O utput Data \
Climate target
Global Change \ GHG [ Climatetarget | attainment AQ benefit/C ost
Emissions > assessment assessment

Assessment M odel
Reduction [ Social Cost of Carbon | \ /

Climate & AQ co-benefit/cost Assessment

Developed by PNNL (U.S.), Tsinghua Univ. and U.S. EPA 15




GCAM-ABaCAS integrate assessment system in the U.S.

» GCAM-ABaCAS system: GCAM + RSM + BenMAP

e Economic concern e Air quality under e Health impact under
e Energy projection different scenarios different air quality &
e GHG &AP emissions population scenarios
Climate Target
Econom EOPs Ener GHGs emission Climate C hange
) 2 + others

|
Population — — I
°F darocet Deep-RSM |
atase i , ,
- _ — — Deep-RSM illustrative
GCAM sl st

|
— — S
Policies D ataset ABaCAS-EI ; LLES
T — [¥ )1 , I Conc =< ::
Pollution ! . & &
EOP potential Emission scenario Env. effect Health !
AQ Target T |

SMAT LECO. ABaCAS BenMA P
attainment optimization
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GCAM Long-term Interactive Multi-Pollutant Scenario Evaluator (GLIMPSE)

Scenario
assumptions

Economic
growth

Resource
availability

Technology
development

Behavior and
preferences

Policies

GCAM

Energy

Economy

Simulates the co-evolution of these systems through time

Outputs

Energ
Technology penetrations

Economic

Land and food prices

Climate

Environmental

Air pollutant emissions

Water use

Health impacts
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DeepCTM: Mimic the CTM modeling

Inputl: Emissions

5 key pollutants:
e SO,, NOx, NH,;, VOC, PM

6 key sectors:
* Power

* Industry

* Domestic
* Transport
* Agriculture = -
L o

(Row, Col, Ht, Time“)

Input2: Meteorology

selected key variables:
e T2,Q2, WS, WD, PBL
* Radiation, Precipitation, etc

[ | T _ |
0 06 12 18 24 3 A -15 0 1.5 3 -T8 -35 1] BT

-

4 key pollutants:
e SO,, NO,, O;, PM, .

Selected other species:
* NH;, VOC, PM species
(sulfate, nitrate, SOA)

Y
Output: Concentrations ~N ~

(Row, Col, Ht, Time)

] LA s}
L Max: 1.16 Min: 0.01 Mean: 0.14

wr ower . BT, B /

(Row, Col, Ht, Time,

T2 (K) Q2 (g kg) SWDOWN (W m?)
s - i 7 =
e L (|~ 7 ‘!Lf
- & ¥ | e
- g | A | X f «:«*
. ' F | f 17 /‘
| FM: o r }\4 | '4
w ol Max: 4.54 Min: 018 Mean 141 Max: 2.83 Mm -2.96 Mean: 1.02 | Max: 34&2 Min: -4929 Mean -1.26

Atmospheric system

* Deterministic system
 Mathematical equations based on physical laws
* Influenced by neighbor grids and previous days

Input3: Geography ~
(Row, Col)

selected key variables:
e LAl land cover, elevation, etc

Broadleaf Deciduous
Temperate Trees

Leaf Area Index: Updated to 2013

2013
SN -

N
/% 7

Max. 85 Mln 0 Mean 219 0
: 3

100°E 1

wn | 4Max: 4,87 Min: 0 Mean: 0.38

WE 1HE 1OE 2E 1

. )

ML-CTM
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Single-step model

feature selection

Emission:

v' NOx-surface/near-
surface/upper layer

v TotalVOC

Meteorology (surface):

v T,PBL,SW R,W SP, convective
velocity scale

v NO,NO,, O, flux

Initial condition:

v' previous NO,NO, O,

Label:
v  current NO,NO,, O; conc.

cEmissiOn =4 B
Upper NOx
Total VOC
C

Meteorology=

A

A

Concatenate iﬁ v

PBL height
Wind speed

convective velocity scale
2-meter temperature

cFqu transport= 3

o S R

= et P 5
i e VR | 1

C

initial cond.~

A7

4

A

R

[ Conv3x3BN ]

v
| LeakyRelU |

(

Conv3x3BN ]

) 4

S

Conv3x3BN

—
[ LeakyReLU ]
-

8 x [ LeakyReLU ]
N\

J

A
Conv3x3BN ]

v

[ LeakyRelLU ]

3

CConcentration=

Conv3x3BN:3x3 convolution followed by batch normalization;
LeakyReLU: leaky rectified linear unit activation function
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DeepMMF—D eep-learning Measurement-Model Fusion

Aims to
simulation | Overview of
» Effective fusing satellite DeepMMF
and grOund train ,: -,Itrain
measurements ] ‘.
g ' emissions .§ BO'Uth'S
Surface - ~ o ensi
® Address Sample_ g concentration % N Other features R % Emission
imbalance issue s (Meteorology, geography, etc) ol g suree
_g- Meteorology, g 8 _g- concentration
geography Surface . Meteorology,
® Provide Nnear real—time | concentration Column density [+ geographiv

update

Input Output

Surface conc.

Meteorology,

i

1

:

1

| Column density
:

1

1

i geography
1

,_____________
o o8 & A

I
I
I
I
I
1
- . I o §
Emission -
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Comparison of observed, simulated, and fused surface NO,
2019 2020 A (2020-2019)

2019 mean: B.18 2020 mean: 7.57

AQS

CMAQ
(only change met.) ™

Lo

no change
”E in emission

DeepMMF

DeepMMF successfully reflected high concentration and significant reduction
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Comparison of observed, simulated, and fused NO, column
A (2020-2019)
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DeepMMF predicts the changes in NOx emission from 2019 to 2020

DeepMMF-2019
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New development of DeepCTM4D (ongoing)

e concentrations

output S =
CNN / Conv3D+BN+RelU
f Z Conv3D+BN+RelU Residual Blocks Conv3D
ConvisT™M4 /" /— @ 3x 4x 6x 3x \
x64 [
ComvisSTMS /7 £~ @ initial at first hour,
x64 ( e . e 3x3x3 3x3x3 3x3x3 _
ConvisTvM2 @ and predict the ﬁ 64 128 64 64

x128 following 24 hours
— + + +
ConvLSTM1 E | * _/_

x256 .
input . f '

e emissions 3D ConvLSTM + ResNet (dealing with spatiotemporal sequence)

* meteorology variables
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Contact: Prof. Joshua Fu

University of Tennessee/Oak Ridge National Laboratory

contact: |sfu@utk.edu
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