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Hybrid Meeting Guidelines

* Please sign in if attending in person.
* Attendees in the room can raise their hand and will be called on.

 Online attendees should use the raise hand feature and will be
called upon by the meeting host

* The host will attempt to respond to all messages received

* Participants will join the meeting with their video disabled. We ask
that you keep your video disabled for the duration of the meeting,
unless called on by the host.
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Rir Management Advisory Group
Quarterly Meeting Agenda

* Hiring/Admin Update

* Proposed guidance, rules and legislative update

* Member Updates

* Ozone Litigation Update

* LADCO Nonattainment Area Messaging
 Satellite Data

* Next Meeting Date

e Adjourn
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Operational Updates

Gail Good, Air Management Program Director
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Propesed Guidance, Rules and
Legisiative Update

Ron Binzley, Permits and Stationary Source Modeling Section Manager

Brianna Denk, Air Quality Planning and Standards Section Manager
Gall Good, Air Management Program Director
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Proposed/Final DNR Rules
PioposedDNRrule espton s

Updates to construction permit fees to assure compliance with Clean Air Act  Rule effective: 4/1

A0S requirements and to meet business needs of permitted sources. NR410
NSR Fee Rule : : .
Rulemaking | | Wisconsin DNR
: . Scope of Rulemaking
AM-15-25 Updates to VOC regulations in ch. NR 419 through NR 425 to ensure Aobroved by NRB
VOC RACT Rule compliance with federal VOC RACT requirements are met. PP y

1/28
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https://dnr.wisconsin.gov/news/input/ProposedPermanent
https://dnr.wisconsin.gov/topic/AirPermits/NR410rulemaking.html
https://dnr.wisconsin.gov/topic/AirPermits/NR410rulemaking.html

VOC RACT Rulemaking

* The Clean Air Act requires states that are classified as Moderate
nonattainment or above to implement Reasonably Available Control
Technology (RACT) to limit emissions of VOCs.

* RACT establishes emission requirements for major sources based on
available control technologies and cost-effectiveness.

* VOC RACT applies to two groups of emission sources.

e Source categories for which the EPA issues Control Technique Guidelines (CTGs)

e Other sources that emit VOCs at or above the major source threshold known as
“non-CTG major sources”

* EPA has determined that collectively, VOC regulations in NR 419 through
425 are not meeting VOC RACT requirements and need to be updated.
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VOC RACT

Federal requirement

CTG VOC RACT

Source categories for which the U.S.
Environmental Protection Agency (EPA)

has issued Control Technigue Guidelines.

Non-CTG VOC RACT

Applies to major sources that emit at or
above the major source threshold
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Purpose of this Rulemaking

* Meet federal requirements - approvable VOC RACT program.

* Limit emissions of ozone-forming VOCs and protect air quality in
nonattainment areas.

e Streamline and modernize chapters NR 419 through 425 Wis. Adm.
Code.

* Without this rulemaking, nonattainment areas will be ineligible for
redesignation even if air quality meets the National Ambient Air
Quality Standard (NAAQS).

* This rule will help limit ozone-forming substances and meet Clean
Air Act requirements.
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Rule Process Opportunities for public input

Informational Session and Feedback

Rule & EIA Development on VOC RACT

Informational Session and Feedback

Rule & EIA Development on non-CTG VOC RACT

Informational Session and Feedback

Rule & EIA Development on CTG VOC RACT

Rule Drafting & Economic

: Economic Impact Comment Period
Impact Analysis

External Review &

Revision Public Hearing and Comment Period

Natural Resources Board meeting to
adopt Final Draft Rule

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WIL.GOV
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Informational Session Times

r- VOC RACT Informational Session - April

&1 Non-CTG VOC RACT Input Session - May

CTG VOC RACT Input Session - June
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Information and Feedback Sessions

* Information from DNR
* Background of VOC RACT Rules
* Rule revisions the DNR is planning

e Questions for Stakeholders
e Opportunities to streamline NR 419 through NR 425
* Rule language that confusing or difficult to implement
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Final NR 410 Rule

* Clearing House Rule No. CR 24-057 revised fees for construction permit actions contained in
ch. NR 410 of the Wisconsin Administrative Code; the rule is effective on April 1, 2026

* Most construction permit fees increase by 20%; some fees will increase by more or less than
this amount to better reflect the workload for the activity with which the fee is associated.

* Several new fees are added for activities that were not previously charged.

* Further details on the fee revisions as well as a Frequently Asked Questions document can be
found on the new Construction Permit Fees webpage
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https://dnr.wisconsin.gov/topic/AirPermits/PermitFees.html

EPA Rules/Guidance

Rule: Oil and Natural Gas Sector Climate Review: Extension of Deadlines in Standards of
Performance for New, Reconstructed, and Modified Sources and Emissions Guidelines for Existing 90 FR 55671 Rule effective 12/3/25
Sources

Rule: National Emission Standards for Hazardous Air Pollutants for Coke Ovens: Pushing,
Quenching, and Battery Stacks, and Coke Oven Batteries; Rescission of Extension of Compliance 90 FR 56010 Rule effective 12/5/25
Deadlines for Coke Oven Facilities

Rule: Congressional Review Act Revocation of 2024 Review of Final Rule Reclassification of Major :
Sources as Area Sources Under Section 112 of the Clean Air Act Gollie Al ezl 1j2/2028

Rule: State Implementation Plan: Due Date for the Regional Haze Third Implementation Period 91 FR 331 Rule effective 3/9/26

Rule: New Source Performance Standards Review for Stationary Combustion Turbines and

Ciiieren G5 Tulines 91 FR 1910 Rule effective 1/15/26

Comment deadline

Proposed Rule: Interstate Transport Plan Review for the 2015 Ozone NAAQS 91 FR 4026 extended
through 3/23/26

Rule: Rescission of the Greenhouse Gas Endangerment Finding and Motor Vehicle Greenhouse Gas

Emission Standards Under the Clean Air Act R SR G 47/ 207 28
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https://www.federalregister.gov/documents/2025/12/03/2025-21788/oil-and-natural-gas-sector-climate-review-extension-of-deadlines-in-standards-of-performance-for-new
https://www.federalregister.gov/documents/2025/12/05/2025-22034/national-emission-standards-for-hazardous-air-pollutants-for-coke-ovens-pushing-quenching-and
https://www.federalregister.gov/documents/2026/01/02/2025-24202/congressional-review-act-revocation-of-2024-review-of-final-rule-reclassification-of-major-sources
https://www.federalregister.gov/documents/2026/01/06/2026-00003/extension-of-the-state-implementation-plan-due-date-for-the-regional-haze-third-implementation
https://www.federalregister.gov/documents/2026/01/15/2026-00677/new-source-performance-standards-review-for-stationary-combustion-turbines-and-stationary-gas
https://www.federalregister.gov/documents/2026/01/30/2026-01844/interstate-transport-plan-review-for-the-2015-ozone-naaqs
https://www.federalregister.gov/documents/2026/02/18/2026-03157/rescission-of-the-greenhouse-gas-endangerment-finding-and-motor-vehicle-greenhouse-gas-emission

Status of 2024 PM,, - NAAQS

* EPArevised the annual PM, ; NAAQS to 9 pyg/ms3 in February 2024
* February 7, 2025: State attainment designation recommendations
* February 7, 2026: EPA area attainment designations

* In December 2025, as part of ongoing litigation in the D.C. Circuit, EPA
requested vacatur of the revised standard

* On February 10, 2026, a notice of intent to sue was filed alleging the EPA
failed to designate areas by February 7, 2026

* The revised 2024 standard remains in effect, pending additional action from
EPA or the Court
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GHG Endangerment Finding and Vehicle Emission Standard Repeal

* On February 12, EPA announced the repeal of the Greenhouse Gas
(GHG) Endangerment Finding and all federal GHG emissions
standards for vehicles model year 2012 to 2027 and beyond

* An Endangerment Finding for GHGs is a prerequisite for
implementing GHG emission standards for vehicles and other
sectors under the Clean Air Act (CAA)

* Recission based on legal basis and reinterpretation of EPA’s
authority, not on climate science

* Reducing greenhouse gas emissions from mobile sources also
reduces ozone and particulate matter
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Proposed “phase 1” transport rule for 2015 Ozone NAAQS

* Approves transport SIPs for ten states largely based on original submittals
 Remaining states to be addressed in future “phase 2” rule

* Reflects several policy changes:
* Evaluates transport using a past analytic year (2023)
* Gives primacy to submitted state modeling (circa 2018) - uses new EPA
modeling results selectively
e States are linked at 1 ppb, not 1% of NAAQS (0.70 ppb)

* DNR comments:
* |dentify where changes appear to be inconsistent with case law
* Reflect concerns that these changes will limit number of states that must
address transport impacts on Wisconsin

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WIL.GOV



Status of transport
obligations for the 2015
ozone NAAQS
(2/3/2026)

|| In Good Neighbor
Plan (stayed)

| | Proposed SIP
approval (no
linkages)

|| EPA approved SIP or
no transport
obligation
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EPA Permitting Reform Agenda

* The EPA has prioritized NSR permitting reform as part of its effort
to facilitate the development of data centers and Al

* Revisiting historic EPA policy regarding activities allowed before
obtaining an NSR permit is a key reform objective

* A proposed rule altering the definition of “Begin Actual
Construction” in the major NSR regulations is expected from the
EPA this Spring.
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Ozone Litigation Updates

Phil Bower, Air Management Attorney
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Member Updates

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WIL.GOV




LADCO LAKE MICHIGAN
AIR DIRECTORS CONSORTIUM

Trends in Ozone and
°M, . Concentrations and
Precursor Emissions in
Wisconsin

Angie Dickens and Zac Adelman
LADCO Data Scientist & Executive Director

Wisconsin Air Management Advisory Group Meeting
March 5, 2026



What is LADCO? , |
* Formed in 1989 to bring

Lake Michigan Air Directors Consortium C . ) . ©,
Se - Michigan, Indiana, Illinois, and

Wisconsin together to address

ozone (O;) pollution (aka smog)
* Ohio joined in 2004; Minnesota

joined in 2012
* Governed by state air agency

directors
e S el * Scope
semuRmnSEeT (T e Forum for state agency planners
"  Air pollution modeling and data
LADCO is funded primarily by U.S. EPA science
grants to the states under ol * Training
the Clean Air Act. _ —
LADCO does not provide policy guidance

to our membership, only technical
guidance and support

4415 Harrison St., Suite 548 Hillside, |L www.ladco.org
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https://www.gpo.gov/fdsys/pkg/USCODE-2013-title42/html/USCODE-2013-title42-chap85-subchapI-partA-sec7405.htm
https://www.gpo.gov/fdsys/pkg/USCODE-2013-title42/html/USCODE-2013-title42-chap85-subchapI-partA-sec7405.htm
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Emissions:
Nitrogen

Annual Emissions | State: WI | Pollutant: NOX o Wildfires

M Prescribed fires

Different
m Off-Highway

O X | d e S methodology

(NOx)
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o

Metals Processing

Emissions (1e3 tons/year)

NOx = NO + NO,

Other Industrial Processes

m Highway Vehicles

W Waste Disposal & Recycling
Miscellaneous

m Storage & Transport

m Solvent Utilization

M Petroleum & Related
Industries

anp

Precursors to PM, 5 & ® Fuel Comb. Other

ozone

Fuel Comb. Industrial

m Fuel Comb. Elec. Util.

NO, is a NAAQS pollutant
m Chemical & Allied Product Mfg
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2007 =
2008
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Emissions:
Volatile .

. Different m Prescribed fires
O rga NIC methodology .o.ff_,_"ghway'
Compounds

(VOC)

Annual Emissions | State: WI | Pollutant: VOC o Wildfires
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m Solvent Utilization

M Petroleum & Related
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VOCs include air toxics m Fuel Comb. Elec. Util.
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Emissions:
S H_— Annual Emissions | State: WI | Pollutant: SO2 o Wildfires
u u r W Prescribed fires

. . Different m Off-Highway
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SO, is a NAAQS pollutant

m Fuel Comb. Elec. Util.

m Chemical & Allied Product Mfg
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Current 2023-2025 Ozone Design Values

Individual monitors Range Individual monitors Range

Milwaukee ' Sheboygan

PElIE Tonttats gy VX i Nen AUSBN - Design values (DVs) are above the level of the

Chicago NAAQS in all three areas
DVs have increased in the last few years
* Likely due to smoke-enhanced ozone
formation

Ozone Design Values (ppb)
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Ozone: Major Drivers

 Temperature (hot = more ozone)
 More precursors (NOx & VOCs; more = more ozone)

 Also:

 Humidity (humid = less ozone)
* Transport from high-emissions regions

June-August Temperatures:

* Above average temperatures across almost
the whole region in 2025

e 2023 & 2024 were close to average in WI

Shows departure from the average temperature (1991-2020)




Ozone: Major Drivers

Monitored NO, Concentrations:

Ozone Season NO, (May-September)
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4415 Harrison St., Suite 548 Hillside, IL
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NO, increased slightly in 2024
2025 continues trend of very slowly

decreases in NO,
=» Could help ozone slightly

Generally: flattening out of NO, will cause
flattening of ozone concentrations
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Meteorological Adjustment of Ozone via CART

e Uses a statistical tool to classify data*
* Used to determine meteorological conditions on high-ozone days

 Examine trends in ozone on meteorologically similar days
* Allows examination of trends in ozone as a result of non-meteorological factors, such
as emissions changes

e Applied CART to data from 2001-2023

 Removed 2023 because of extreme impacts from smoke
* Applied segmented regression or linear regression to fit the data

e Report with the complete analysis: https://
content/uploads/Projects/Ozone/LADCO_03 CART-Analysis 2025 v2.pdf

4415 Harrison St., Suite 548 Hillside, I *Classification and Regression Tree (CART) analysis

www.ladco.org
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CART — Sheboygan, WI

2001-2022 Trends by CART Node: Sheboygan

Continued reductions in O3 on Os-
conducive days (through 2022)

node

Mean Ozone (ppb)

20: S winds (weaker), hot)

Only nodes with high ozone

o
—
o
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CART — Milwaukee

2001-2022 Trends by CART Node: North Milwaukee 2001-2022 Trends by CART Node: Downtown Milwaukee 2001-2022 Trends by CART Node: Racine
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Only nodes with high ozone

L
Only nodes with high ozone Only nodes with high ozone

* Ozone is continuing to decrease when adjusting
for meteorology in Milwaukee through 2022

* True for most parts of the region

4415 Harrison St., Suite 548 Hillside, IL
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CART — Chicago

2001-2022 Trends by CART Node: Chicago- Kenosha-Lake
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Only nodes with high ozone

4415 Harrison St., Suite 548 Hillside, IL

* Different trend for Chicago
(showing Chiwaukee & Zion)

 Meteorologically-adjusted ozone on
the highest ozone days is increasing

* Due to complex chemistry in Chicago
because of high levels of NOx
pollution (“VOC sensitivity”/ “NOx
suppression”)

* Similar for other parts of Chicago
 Cook County & NW Indiana

www.ladco.org
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What does this mean for ozone in Wisconsin?

* Most areas of the state have decreasing ozone, particularly when
adjusted for meteorology

* Including Sheboygan & Milwaukee nonattainment areas
* Suggests ozone will continue to decrease as long as emissions reductions
continue at a similar pace

* Ozone is increasing across much/most of Chicago
* Due to VOC-sensitive chemistry
* VOC controls along with NOx controls are needed to decrease concentrations

e Continued NOx controls will eventually lower ozone
* (Chemistry will shift to NOx-sensitive as NOx continues to decrease)

* Need continued reductions in emissions to decrease ozone

4415 Harrison St., Suite 548 Hillside, IL

www.ladco.org
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Estimated 2025 PM,  Yearly Metrics .. ..o - moe

_ impacted by extreme events
Two standards: Annual and 24-hour = Look at yearly metrics for each / than annual average
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Estimated 2023-2025 PM, < Design Values

3-year averages of yearly metrics =» signals from any extreme year are muted
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6 sites are above the NAAQS in MN and WI due to smoke
* Designations are done, so no regulato,r,y impact
Generally way below the standard =2 focus on annual NAAQS

Annual: peak values in urban areas in east:
* Indianapolis, Cincinnati, Detroit, Kalamazoo, & Cleveland



PM,  Annual Design Values Over Time

Annual DVs Trends - Annual DVs Trends -
Milwaukee-Waukesha, WI Wisconsin-other
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*2025 values are estimated as of Feb. 25, 2026 *2025 values are estimated as of Feb. 25, 2026
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Mean PM, s Concentration (pg/m?’)

Estimating Smoke Impacts on PM, ¢

nonsmoke-mean

4 - ’\—’W\N Far North

SE MN-Central WI

smoke-mean Rural South
Urban North

Urban South-East

0-

| I &
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2016
2018
2020-
2022

Grouped monitors based on similarity in trends
Large increase in smoke PM, - in 2021 & 2023

Smoke accounts for observed increase in PM, ¢

Non-smoke PM, s trends have been roughly flat
in recent years

* Apparent flatness of non-smoke mean
trend may be influenced by switch to

continuous monitors (with relative high
JEN)
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Air Quality and Emissions Trends Summary

* Emissions reductions have stagnated

* There is a need for local, regional, and national emissions control programs to
make further progress on NAAQS and public health goals

* Meteorologically adjusted ozone is decreasing is all areas other than
Chicago
* Continued emissions reductions should reduce ozone
* Chicago would benefit from VOC reductions along with NOx reductions

* Ongoing emissions reductions are needed for nonattainment areas to
attain the NAAQS

* Wildfire smoke is playing an increasing role in air quality in WI
* Directly adding PM, ¢ and contributing to enhanced formation of ozone

4415 Harrison St., Suite 548 Hillside, IL

www.ladco.org
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Transported vs Local Pollution

Transported & Background Pollution [ Local & Persistent Pollution

* Present everywhere across the region * Comes from local and in-region sources
 Traffic, industry, population density,
agriculture

Related to persistent elevated pollution
Dominates peak events, not long-term and peak events

dVverages

Arrives from outside the state/region

Increasingly driven by wildfire smoke

Drives long-term average air quality

Harder to control with local policies Most effective target for regional
strategies

Transported smoke and local emissions both matter...but they require different solutions.

4415 Harrison St., Suite 548 Hillside, IL
www.ladco.org

LADCO

44



http://www.ladco.org/

~Draft 2023-2025 Ozone Design Values

Draft 2023-25 DVs (ppb)
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A Invalid
1 2015 Maintenance Areas
[] 2015 Nonattainment Areas

4415 Harrison St., Suite 548 Hillside, IL
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Which Policy Tools Matter?

* Nonattainment area and urban emissions

control programs continue to be relevant

e Remain the most effective tools where sources
and people are concentrated

* International transport (179b) is not

relevant in this region

* Not a meaningful pathway for addressing
regional air quality

* Exceptional event demonstrations can be
useful for areas that are nearing

attainment
e Useful near meeting attainment, but not as a

long-term strategy
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Engagement on Regional Air Pollution Planning

* The Great Lakes region states have made
significant progress in reducing air pollution

* For the first time, attainment of all NAAQS for Concern
most of the region looks plausible
* We can get to attainment with local and regional Influence

strategies through a collective effort between
state, municipal, industry, and transportation
partners

 LADCO would like to convene stakeholders to
envision in-region solutions
 LADCO will facilitate discussions and share technical
and policy scenario ideas

Control

4415 Harrison St., Suite 548 Hillside, IL

www.ladco.org
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Call for a Regional Coalition

* The Great Lakes region is a success story of air
pollution mitigation

Likely entering a period with very few NAAQS
attainment issues

e Standards can change in the future

Air pollution will continue to be problem

Federal rules will change with administration
swings

LADCO proposes engagement on a consensus
regional strategy to make continued
improvements on emissions and air quality
* Focus on public health and solutions that are within
the control of regional stakeholders

4415 Harrison St., Suite 548 Hillside, IL
www.ladco.org
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Questions?

Zac Adelman
adelman@Iladco.org

Angie Dickens
dickens@Iladco.org

www.ladco.org
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Emissions:
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Estimating Smoke Impacts on PM, «

e Grouped monitors based on similarity in trends

PM, 5 Speciation Clusters

* Determined amount of smoke on a given day

* Based on the difference from the average
concentration

* = PMZ.S-dain = (Mean PMZ.S +1 StdeV)nonsmoke—days-month Far North

Rural South
SE MN/Central WI

« Method adapted from Childs et al. (2022) ES&T and ; e e e
Burke et al. (2023) Nature

*  When smoke in satellite column (HMS smoke)

* Analyzed through 2023 (so far)

4415 Harrison St., Suite 548 Hillside, IL
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Trends over time: Winter Speciated PM, «

Milwaukee * Main wintertime component: Ammonium

Nitrate
* Forms from NOx and ammonia

* All 3 major components have decreased over
time in the winter

* AmmNO3 follows similar trends to NOx
emissions

M seasalt * Smaller decrease

* Doesn’t track flat NH; emissions
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Winter AmMmNO3 likely controlled primarily by
NOx emissions so would need to reduce NOx
to reduce winter PM, ¢
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Trends over time: Summer Speciated PM, ¢

Milwaukee ¢ Main summertime component: Organic
Matter (OM)
* Forms from VOCs (including smoke)
* OM has increased a lot recently
* Doesn’t track decreases in anthropogenic
VOC emissions
* Due toincreased smoke
B SeaSalt * Large reductions in ammonium sulfate
* Dueto large reductions in SO, emissions
* (Doesn’t track flat ammonia emissions)
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Summer OM is increasing due to increased
smoke = Difficult to control
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Do you consider satellite air quality data, in their current state,
to be useful to potential end users?

Potts, et al., 2023



Do you consider satellite air quality data, in their current state,
to be useful to potential end users?
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Satellite Data Capabilities

Satellites CANNOT Satellites CAN

* Monitor surface-level air quality * Detect the column — sometimes
layers — of some chemicals in the

. atmosphere (NO,, aerosols, HCHO,
* Detect all pollutants of interest SO,, NH,, CO ...)

* Directly measure emissions

* Replace ground monitors, CEMS or

* Track patterns, trends and events
other standard AQ data

* Combine with other data to
calculate surface-level air quality,
especially PM, ., or emissions



https://eos.com/blog/satellite-constellation/



#* Ground Sites:
EPCAPE - La Jolla, CA
NYC-METS — New York City
FROG-NY — New York City
THE CIX — Toronto, Canada
Atlanta, GA
Chicago, IL

NPS Twin Otter

GES+

AEROMMA « GOTHAAM +« EPCAPE * STAQS +« CUPIDS
NEC-AQ-GHG ¢« SCILLA « FROG-NY « NYC-METS « THE CIX

2023

NSF/NCAR GOTHAAM
New York City

NOAA CUPIDS
New York City

TEMPO

NASA STAQS RN
New York City, Chicago, .
Toronto, Los Angeles A
NASA G-V
\.’ .

\eon
- Toronto Canada ﬁ sy

marine Pacific, New York City,
Chicago, Toronto, Los Angeles

Ground
sites

fi o)
La Jolla, CA ¥ modeled | satellite UMD/NOAA
B ‘i\« - : - W NO, | observed : NEC-AQ-GHG
s YRR p: | NO, . North East Corridor

Chelsea R Thompson/NOAA Y 1

Figure 1. Example of the combined utilization of data data products to understand air quality through the set of field campaigns
known as AGES+. In this schematic, satellite data from TEMPO (purple) provides a top-down estimate of NO,, to complement ground-
based monitors, model data, and research-focused aircraft and balloon measurements (NOAA 2023).
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Nitrogen Dioxide Tropospheric Column Density

.
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Figure 4. Example of nitrogen dioxide (NO,) from the TEMPO instrument, here for March 28, 2024, mid-day conditions. (schindler,
NASA scientific visualization Studio, 2024).
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TEMPO NO, Data

TEMPO, a collaboration between the Smithsonian and NASA, is the first space-based probe to measure air pollution hourly over North America at
neighborhood scales. NO> (nitrogen dioxide) is one of the pollutants detected by TEMPO. It is produced by wildfires and the burning of fossil fuels. NO»
contributes to the formation of harmful ground-level ozone and toxic particulates in the air we breathe.
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Figure 2. 2019 annual average NO, levels for different observational or modeled datasets with different spatial coverage and
resolution over the Baltimore, MD metropolitan area: (a) NO, surface measurements; (b) estimated surface-level concentrations from
the 12 km x 12 km EQUATES photochemical model, (¢) tropospheric column measurements from an oversampled 1 km x 1 km

TROPOMI product.
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Ground-based measurements

Figure 6. Schematic representation of satellite AOD, ground-based PM, 5 measurements, and the role of chemical transport models in
calculating AOD-PM, ;5 relationships.



45 - ug/m3

> 11
| 9

% s 75
= 6

— 35- 45
3

30+ 1.5

25- I H 1 I 1 I
-120 -110 -100 -90 -80 -70
Longitude

Figure 7. 2019 average PM, 5 concentrations from Van Donkelaar et al. (2021), as presented by the EPA in the 2022 PM, s Regulatory
Impact Analysis (Figure 2—-1, EPA 2022).



Table 1. Instruments relevant to air quality management, discussed in this paper, organized based on common use for AOD and/or for
gas-phase species NO,, HCHO and SO,. Relevance to other chemical species is noted. We have generalized some domain and
resolution information, which may vary depending on retrieval version or changes in operations.

Major Product
for Air Quality Applications

Instrument(s) and Satellite(s)

General Domain and Resolution*

Low-Earth Orbiting

AOD
(+ related aerosol characteristics)
modis.gsfc.nasa.gov

AOD
(+ NO,, SO,, HCHO, NHs)
www.nesdis.noaa.gov/our-satel
lites/currently-flying/joint-polar-
satellite-system.

AOD
(+ composition and vertical
structure)
misr.jpl.nasa.gov

AOD
(+ composition and vertical
structure)
www-calipso.larc.nasa.gov

Instrument: Moderate Resolution Imaging Spectroradiometer
(MODIS)

Satellites: NASA Terra and Aqua
Terra: 1999 - Present’
Aqua: 2002 - Present’

Instrument: Ozone Mapping and Profiler Suite - Nadir Mapper
Spectrometer (OMPS-NM)/Visible Infrared Imaging
Radiometer Suite (VIIRS)/Cross-track Infrared Sounder (CrlS)
Satellite(s):

NASA/NOAA Suomi National Polar-orbiting Partnership
(S-NPP): 2011 - Present

NOAA-20: 2017 - Present

NOAA-21: 2022 - Present

Instrument: The Multi-angle Imaging SpectroRadiometer (MISR)
Satellites: NASA Terra and Aqua
Terra: 1999 - Present’

Instrument: Cloud-Aerosol Lidar with Orthogonal Polarization
(CALIOP)
Satellite: Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observations (CALIPSO), collaboration between NASA and the
French Space Agency, CNES
2006 — 2023

Global, daily at
Terra: 10:30 AM'
Aqua: 1:30 pm’
10 km x 10 km*

All: Global, daily
S-NPP:
1:30 AM, 1:30 PM
NOAA-20 ~25 min behind S-NPP; NOAA-21
~25 min ahead of S-NPP
S-NPP: 7.5 km x 3 km
NOAA-20: 17 km X 12 km
NOAA-21: 10 km X 10 km
Global, Every 9 days, with repeat coverage
between 2 and 9 days depending on latitude, at
Terra: 10:30 AM*
17.6 km x 17.6*
Every 16 days/Global
5km x 5 km

... + 3 more for AOD..



Table 1. Instruments relevant to air quality management, discussed in this paper, organized based on common use for AOD and/or for
gas-phase species NO,, HCHO and SO,. Relevance to other chemical species is noted. We have generalized some domain and
resolution information, which may vary depending on retrieval version or changes in operations.

Major Product

for Air Quality Applications Instrument(s) and Satellite(s) General Domain and Resolution*
NO,, HCHO & SO, Instrument: Ozone Monitoring Instrument (OMI) Global, daily at
(+ ozone + profiles, BrO, OCIO, Satellite: NASA Aura satellite 1:30 PM
aerosols + aerosol 2004 - Present 13 km x 24 km
characterization, cloud
properties)
aura.gsfc.nasa.gov/omi.html.
NO,, HCHO & SO, Instrument: TROPOspheric Monitoring Instrument (TROPOMI) Global, daily at
(+ CO, CH4, AOD + aerosol vertical Satellite: ESA Copernicus Sentinel-5 Precursor 1:30 PM
structure via O, A bands or A & 2017 - Present 5.5 km x 3.5 km*
B bands)
https://www.tropomi.eu/.
NO,, HCHO & SO, Instrument: ESA Global Ozone Monitoring Experiment 2 (GOME- Global, every 1.5 days at
(+ ozone, aerosol index + 2); Infrared atmospheric sounding interferometer (IASI) 9:30 AM
reflectivity, cloud parameters) Satellites: EUMETSAT Metop-A -B and -C 40 * 40 km? on Metop-A
https://acsaf.org/gome-2.php. Metop-A: 2006-2021; Metop-B: 2012 - Present; Metop-C: 2019 80 * 40 km? on Metop-B and -C

- Present



Table 1. Instruments relevant to air quality management, discussed in this paper, organized based on common use for AOD and/or for
gas-phase species NO,, HCHO and SO,. Relevance to other chemical species is noted. We have generalized some domain and

resolution information, which may vary depending on retrieval version or changes in operations.

Major Product
for Air Quality Applications Instrument(s) and Satellite(s) General Domain and Resolution*
Geostationary
AOD Instrument: Advanced Baseline Imager (ABI) North America, full disk every 15 minutes,
(+ related aerosol characteristics) Satellite Series: NOAA Geostationary Operational continental United States every 5 minutes
WWW.QOes-I.gov. Environmental Satellites (GOES-R) 2 km x 2 km
GOES-16/GOES-East: 2017 - Present, Centered over 75.2° W
GOES-18/GOES-West: 2023 - Present, Centered over 137.2° W
GOES-17 serves as backup
GeoXO planned as next generation 2030s
AOD Instrument: Advanced Himawari Imager (AHI) Asia, Full disk every 10 minutes
www.data.jma.go.jp/mscweb/en/ Satellites: Japanese Space Agency Himawari-8 and Himawari- 2 km x 2 km
himawari89/space_segment/ 9, over 140.7° E,
spsg_ahi.html. Himawari-8: 2014 - Present
Himawari-9: 2016 ; Present e o e
NO,, HCHO & SO, Instrument: Geostationary Environment Monitoring Asia, hourly (during daylight)
(+ AOD, aerosol layer height via Spectrometer (GEMS) 3.5 km x 8 km
0,-0, dimer, ozone) Satellite: KARI's Geostationary Korea Multipurpose Satellite
(GEO-KOMPSAT-2B), over 128.2° E
2020 - Present
NO,, HCHO & SO,° Instrument: NASA Tropospheric Emissions: Monitoring of North America, hourly (during daylight)
(+ AOD?®, ozone) Pollution (TEMPO) 2 km x 4.75 km
https://tempo.si.edu/. Satellite: Intelsat 40e (commercial satellite), over 91° W

2023 - Present
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Figure 3. Comparison of citations from Web of Science, based on queries with keywords “PM2.5,” “AOD,” “NO2,” “CH4,” “S02,” “CO,”
“HCHO,” and “satellite” over time. All terms searched in web of science (March 6, 2025) as the pollutant term itself with “AND satellite.”
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Pollutant concentrations or
properties of particulate matter at
a single time point in the day

g

Data for analysis

HAQAST.org

Imagery only Raw data
Do you know how to use Python, Google (’/ Go to \\,
Earth Engine, McIDAS, or IDL for satellite . page 23 ./
data? Or would you liketolearnz 77
/\
(/ Go to Pollutant concentrations or vertical
\_page 18 structure of clouds and aerosols?
Concentrations Vertical Structure

CORERCS

Figure 5. Excerpt from the McGinnis, Holloway, and Bratburd (2023) flowchart, where blue represents steps along the path connecting
need to outcome, green represents final criteria in the matching process, and red represents data, tutorial, or research paper end-
points.




3) Assessing Status and

Measuring Progress
Emissions trends

Air quality trends

Health effects trends
Ecosystem trends
Institutional accountability

Monitoring:
- Emissions

- Ambient air quality
- Health and exposure -
- Ecosystems

Scientific and Technical
Foundation

- Meteorology

Research:
- Public health and
ecosystems studies
- Laboratory studies
(e.g., air chemistry,
toxicology)

— =\

Analysis:
- Models (e.g., air

- Health and ecological

Development:
- Source control

- Monitoring technology

1) Setting Standards
and Obijectives

Emissions standards
Ambient air quality standards
Reducing acid deposition
Reducing regional pollution
Protecting visibility

quality, emissions)
Economics

risk assessment

technology

2) Designing and Implementing

Control Strategies

* Source control technology requirements
Emissions caps and trading

Voluntary or incentive-based programs
Energy efficiency

Pollution prevention (e.g., product substitution and process alteration)

Compliance assurance

National Research Council, 2004



Setting standards and objectives to protect public
health

Satellite data application: Epidemiological studies
and health impact assessments

Satellite data application: Community health and
environmental justice
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Something in the Air
Reports

A series of reports highlighting the promising potential of satellite data to
complement and enhance the United States’ existing air quality monitoring
network.
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As a nation, we make great strides cleaning up air pollution—but not all
communities benefit equally.




Assessing status and monitoring progress

Satellite data application: Air quality forecasting

Satellite data application: Trend analysis

Potential satellite data application: Support for
NAAQS evaluation



# Intro >~ Growth NAAQS ~ Visibility Toxics Spotlight Summary

National Ambient Air Quality Standards
(NAAQS)

The Clean Air Act directs EPA to periodically review the National
Ambient Air Quality Standards. Together with our Tribal, state, and local
air agency partners, we have successfully implemented those
standards to bring Americans cleaner air and lower risks of adverse
health effects.
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Figure 7. Urban increment based on the 90th percentile concentration for urban counties, determined as the difference between
the 90th percentile urban and mean rural PM, s concentrations.
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Figure 1. Washington University 0.01 degree 2022 average PMs.



Designing and implementing control strategies

Satellite data application: Model evaluation

Satellite data application: Improved emission
inventories

Satellite data application: Exceptional event
demonstrations

Satellite data application: Ozone sensitivity to
precursors
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FIGURE 6-1 Typical ozone isopleths used in EPA’s EKMA. The NO,-
limited region is typical of locations downwind of urban and suburban
arcas, whereas the VOC-limited region is typical of highly polluted ur-
ban areas. Source: Adapted from Dodge, 1977.
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Figure 9. The ratio of column HCHO to column NO, from the ozone monitoring instrument shows widespread transition away from
VOC-limited ozone production. Image from Jin, Fiore, and Geigert (2018) via NASA Earth Observatory (2017).
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Satellite Data to Inforrm Ozone Sensitivity:

A Practical Methodology
Using Google Earth Engine

by Jennifer McGinnis, Tracey Holloway, Jenny Bratburd, Madankui Tao,
and Arlene Fiore

Evaluating ozone sensitivity to emissions of its precursor gases with satellite data has
evolved into a cutting-edge and increasingly popular application of remote sensing
for health and air quality. Google Earth Engine offers a practical, user-friendly
platform to support this analysis anywhere in the world using data from the TROPOMI
instrument.

hollowaygroup.org/tutorials
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NASA HEALTH AND AIR QUALITY
APPLIED SCIENCES TEAM

H A QA ST Connecting NASA Data and Tools with Health and Air Quality Stakeholders

 Satellite data are already part of the data portfolio for air quality ...
and rapidly advancing

* You can stay on top of this area through NASA’s investment in the
Health and Air Quality Applied Sciences Team - haqast.org

* Join us in Madison May 13-14! https://hagast.org/hagast-madison/
* Access data & how-to’s: haqgast.org/data-and-tools

* Please reach out — Tracey Holloway taholloway@wisc.edu



THE HOLLOWAY
GROUP @ SAGE
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ABOUT TEAM OUR WORK MEDIA  SAGEHE

LINKING AIR QUALITY
WITH ENERGY & PUBLIC
HEALTH

The Holloway Group Advances Air Quality Research To Inform
Science And Policy. We Partner With Organizations To Ensure The
Relevance Of Our Work To Real-World Needs.

hollowaygroup.org
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2026 Program Meeting Dates

 June 2026 - TBD
 Thu. Sept. 17, 2026

WISCONSIN DEPARTMENT OF NATURAL RESOURCES | DNR.WIL.GOV
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