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Disclaimer

• The views, opinions, and findings expressed in this presentation are solely those 

of the authors. They do not reflect, and should not be construed as representing, 

the official policy, position, endorsement, or guidance of the Tennessee 

Department of Environment and Conservation (TDEC) or the State of Tennessee.
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Background
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• Memphis Combined Statistical Area (CSA)

▪ 11 counties across Tennessee (TN), Arkansas (AR), and 

Mississippi (MS)

▪ 5 ozone (O3) monitoring sites within the CSA (3 in TN)

▪ 2008 8-hour O3 National Ambient Air Quality Standard 

(NAAQS)

o Non-attainment on 5/21/2012

o 10-year maintenance period for 2016–2027

o Redesignated to maintenance in mid-2016

▪ 8-hour O3 NAAQS from 75 ppb (2008) to 70 ppb (2015)

▪ High O3 values exceeding 2015 8-hour O3 NAAQS 

measured in the past few years
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Goals
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• Track sources contributing to O3 in the Memphis CSA

▪ Emission source regions

▪ Emission sectors

• Evaluate strategies to support the Memphis CSA in maintaining compliance with 

the 2015 8-hour O3 NAAQS



Methodology
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• 2023 photochemical modeling setup

▪ Comprehensive Air quality Model with extensions (CAMx) 

version 7.20

▪ Anthropogenic Precursor Culpability Assessment (APCA) 

technique for O3 source apportionment analysis

▪ Domain: EPA’s 12US2

▪ Modeling period: 5/1/2023 - 9/30/2023

▪ Model input data

o 2016 meteorology, initial and boundary conditions from 

previous TDEC modeling projects

o 2023 emissions projected from EPA’s 2016v3 emission 

modeling platform (EMP)
• Monitoring sites in the Memphis CSA



Ozone Source Apportionment – APCA
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• 4 source regions

▪ Tennessee (TN)

▪ Arkansas (AR)

▪ Mississippi (MS)

▪ All the other areas (OT)

Frayser

Orgill

Marion

Shelby 
Farms

Hernando

Memphis

Monitors

(Adapted from Tennessee Air Quality Monitoring & Forecasting)

• 5 receptors (monitor sites)

▪ Marion (AR)

▪ Frayser (TN)

▪ Orgill (TN)

▪ Shelby Farms (TN)

▪ Hernando (MS)

• 17 tagged sources

▪ 12 emission sectors

▪ Initial and boundary conditions

▪ 2 natural sources

▪ Remaining non-U.S. emissions

https://www.tn.gov/environment/air/monitoring-forecasting.html


Results – APCA Analysis by Source Regions
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Accumulated O3 contributions from all 5 receptors• O3 contributions: OT > TN > MS > AR

• Dominant onroad contribution

• Other substantial O3 contributors

▪ Nonroad, O&G, and nonpoint (TN, OT)

▪ EGU (OT)

▪ Airports (TN)

(AR): Arkansas (TN): Tennessee

(MS): Mississippi (OT): the other areas within 12US2



Results – APCA Analysis by Receptors
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Accumulated O3 contributions from AR, MS, and TN source regions• Dominant onroad contribution

• The highest O3 contribution by 

the AR-MS-TN source regions 

found at Marion (AR)

• Other substantial O3 contributors

▪ Nonroad, O&G, EGU, and nonpoint

(AR): Arkansas (TN): Tennessee(MS): Mississippi (OT): the other areas within 12US2

(TN) (TN) (TN) (AR) (MS)



Results – APCA Analysis at Shelby Farms (TN)
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• Dominant onroad contribution

• Higher TN source region 
contribution than AR and MS 
source regions

• Substantial contributions from 
EGU and nonpoint (OT source 
region); O&G and nonroad 
(TN & OT source regions)

(AR): Arkansas (TN): Tennessee(MS): Mississippi (OT): the other areas within 12US2

Shelby Farms

Source region

Receptor

AR                           MS                           TN                           OT



Results – Combined APCA Analysis
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• Source region contribution 

TN > AR and MS

• Dominant O3 contributors:

▪ Onroad
o 2.7–4.7 ppb by TN
o 0.6–1.5 ppb by AR
o 1.0–2.3 ppb by MS

▪ O&G (pt_oilgas)
o 1.4–1.6 ppb by TN at 

Frayser, Shelby Farms, and 
Marion

▪ Nonroad
o 0.4–0.8 ppb by AR
o 0.9 ppb by TN at Orgill

▪ Nonpoint
o 0.4–0.7 ppb by MS

Frayser

(TN)

Shelby  

Farms (TN)

Orgill

(TN)

Marion

(AR)

Hernando

(MS)

(AR): Arkansas

(MS): Mississippi

(TN): Tennessee

(OT): the other areas within 12US2

Source 

region

Receptor



Results – Combined APCA Analysis
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Sector
Frayser

(TN)

Shelby Farms

(TN)

Orgill

(TN)

Marion

(AR)

Hernando

(MS)

Onroad 41% 44% 43% 39% 43%

Oil & Gas 16% 14% 13% 16% ---

Nonroad 12% 13% 14% 12% 12%

Airports* --- --- --- --- 12%

Total (ppb) 10.3 10.6 6.4 8.7 6.8

Top-3 contributors from the TN source region to the 5 receptors

* Several local airports, in addition to Frederick W. Smith International Airport (MEM) near Hernando (MS)



Discussion – Point Source Emissions
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• Point O&G emissions as the 2nd highest 

O3 contributor at Frayser (TN), Shelby 

Farms (TN), and Marion (AR)

Major point oil & gas emitters (100+ tons/yr) in TN
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Sources inside the 

Memphis CSA

Only 1.1% from Memphis CSA sources

• Relatively small point EGU contribution 

to O3 from the TN, AR, and MS source 

regions



Discussion – Point O&G Emissions
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• Dominated by the compressor stations

• Major NOx emissions from lean-burn internal combustion (IC) engines

▪ Old and not stringently regulated

▪ Intermittent but large accumulated NOx emissions annually (>1,000 tons/yr)

▪ Transition plans to gas turbines

NOx VOC

(2016v3 EMP data)

(IC units in a compressor station in middle TN)



Discussion – U.S. Data Center Pipelines
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(Source: US Data Center Map, https://dcmap.us)

https://dcmap.us/


Discussion – Major Data Centers in Tennessee
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(Source: US Data Center Map, https://dcmap.us)

Knoxville (East TN)

Nashville (Middle TN)

Memphis (West TN)

Bitcoin 

mining

Bitcoin 

mining

Meta

xAI

xAI
Google

• Electricity used/required 

to run the facility

https://dcmap.us/


Discussion – Data Center Impacts
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• 2026 fine particulate matters (PM2.5) study

▪ 3 monitors installed in southwest Memphis 

by non-governmental organizations (Center for 

Engagement, Environmental Justice and Health 

INpowering Communities / Memphis Community 

Against Pollution)

▪ 4-month measurement (November – March)

Monitors

(Map by Mike Finch II; source from MLK50 research and EPA 

Toxic Release Inventory, Center for Engagement, Environmental 

Justice and Health INpowering Communities; Datawrapper)

https://www.datawrapper.de/_/nd5FU


Summary
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• Tracking 2023 modeled O3 sources in the Memphis CSA:

▪ Dominated by on-road emissions across all source regions and at all receptors

▪ By source regions:

o Higher contributions from TN than AR and MS at all receptors

o TN source region – the 2nd highest contribution by point O&G sources at Frayser (TN), Shelby Farms 

(TN), and Marion (AR)

o AR source region – the 2nd highest contribution by non-road sources at all receptors

o MS source region – the 2nd highest contribution by non-point sources at all receptors

▪ High non-road and non-point contributions from the TN and OT source regions

▪ High point O&G contributions from the TN and OT source regions



More Research Needed …

18 2026 A&WMA Southern Section Conferernce

(Created by Google Gemini)
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Thank You

20

Questions and Comments?

Contact information

Dr. Cheng-En Yang (cyang10@utk.edu)

2026 A&WMA Southern Section Conferernce

mailto:cyang10@utk.edu
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