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The Intermountain West Faces Similar Challenges

GLOR focuses on ozone transport and formation for the 2025 ozone season: May-October 
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What makes Maricopa County a challenge?

Sorooshian et al., (2024) EST-Air

• Environment/climate
• Extreme heat
• Complex terrain

• Urbanization
• Wildfires
• Transport 
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Historical Context

• ~65 publications on ozone 
research in Arizona

• First published 1996
• Majority based on ground 

sampling
• One major airborne campaign
• Speciated VOC data are 

lacking
• Limited remote sensing data

Sorooshian et al., (2024) EST-Air

Phoenix Sunrise Experiment
May-June 2001 (ADEQ/DOE)

Kleinman et al., 2005
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Building on Recent Regional Work

TEMPO
SENTINEL-4

GEMS

Red Dots = Pandora Network Stations

CABOTS
Faloona et al., 2020

RECAP-CA
Pfannerstill et al., 2024

Arizona Needs To Catch Up
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Timeline of Events

6/2024

•Task Force 
Assembled
•White paper 
drafting begins
•Immediate 
inquiry into 
airborne 
research 
possibilities
•6/18 = first 
GLOR meeting

7/2024

•Inquiries into 
NASA surface-
based remote 
sensors (TOLNet
and Pandora)

~Biweekly/weekly 
meetings hereafter

Development of the GLOR 
Research Plan

Ground Level Ozone Research (GLOR)

Fundraising

Field Logistics

Team Assembly

Engaging Regional Experts

GLOR data 
collection 
tentatively 

begins; 
aggressive 

data 
analysis

5/2025

GLOR 
sampling 
tentatively 

ends; 
continued 

data 
analysis

10/2025
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Hypotheses Related to Phoenix Ozone Levels

• Hypothesis 1: Increased wildfire activity throughout western continental North America has significantly and 
consistently raised background ozone concentrations, higher exceedance day ozone concentrations, and more 
frequent ozone exceedance days in Intermountain West nonattainment areas.

• Hypothesis 2: Anthropogenic NOx and VOC emissions locally and nationally may not be decreasing as quickly as 
expected by existing emission projections

• Hypothesis 3: Biogenic sources of NOx and VOC may be counteracting reductions from anthropogenic sources 
such that ambient NOx and VOC concentrations may not be decreasing at the expected rate.

• Hypothesis 4: Changes in atmospheric ozone chemistry are impairing the impacts of reductions in manmade 
precursor emissions on expected reductions in policy-relevant ozone concentrations in Intermountain West 
nonattainment areas.

• Hypothesis 5: Increases in transported ozone from outside Intermountain West nonattainment areas have 
contributed significantly to background ozone concentrations, higher exceedance day ozone concentrations, and 
more frequent ozone exceedance days.

• Hypothesis 6: Meteorological and climatological factors play a significant role in impairing the impacts of reductions 
in manmade precursor emissions on expected reductions in policy-relevant ozone concentrations in Intermountain 
West nonattainment areas.

• Hypothesis 7: Ozone concentrations above the 2015 EPA NAAQS (70 ppb) in the Intermountain West 
nonattainment areas (Phoenix, Salt Lake, Las Vegas, Denver) are primarily the result of a combination of regional 
factors (wildfires, transport, rising background, etc.) as opposed to local precursor emissions.
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- Augmented 
monitoring at 7 sites

- Faculty and staff at 
two universities 
focused on analysis 
and interpretation

- AZDEQ, MCAQD, 
MAG, NASA JPL 
and EPA partners

- Focused assessment 
of 2025 ozone 
season

To explore these 
hypothesis, we 
have a robust 
research plan.
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Research uses Ground Monitoring
Logistically, ground 
monitoring was the only 
option to deploy quickly to 
capture the summer 2025 
ozone season

Augmented monitoring of 
VOCs by auto-GC, NOx and 
NOy at seven sites (2 
upwind, 2 urban core, 3 
downwind) – Sonoma Tech

Two Small Mobile Ozone 
LIDARs (SMOLs) to 
monitor transport aloft of 
ozone – NASA; possibly 
inclusion of Pandora units

Targeting May to October 
deployment

Auto-GC, NOx and NOy

Auto-GC, NOx, NOy and ozone LIDAR
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Alamo Lake
376 m

Buckeye
258 m

Upwind
Urban Core

Downwind

Queen 
Valley
634 m

West Phoenix
333 m

JLG Supersite
346 m

Fountain Hills
505 m

Higley
396 m



How can ASU and UA best support the MAG SIP 
development process?

Flow of data from the deployed ground sites – ground level concentrations, 
VOC/NOx chemistry limitations, NOy formation rates, aloft ozone transport – to 
support MAG Ozone SIP Weight of Evidence analysis.

- Identification of woodsmoke episodes

- Ozone chemistry analysis

- Studying common exceedance days across intermountain west

- WRF-Chem modeling to compliment/corroborate regulatory modeling

- Biogenic flux measurements and comparison to MEGAN
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Identification of Woodsmoke Episodes
Analysis of woodsmoke episodes for 
exceptional events starts with ozone 
exceedance days.  We* have focused 
on analysis of all days to separate 
the contribution of woodsmoke 
transport on ozone formation. 

Using NOAA-HMS and NASA 
MERRA-2, we identify days clearly 
impacted by woodsmoke and days 
not impacted by woodsmoke as 
approaches used in other locations 
(spikes in PM2.5 or ozone 
measurements) do not work here

We tried other approaches 
(HYSPLIT/NCAR-FINN) but had the 
most success with these two 
approaches

* Braun and Fraser (2025) submitted for publication in Atmos. Environ. 11



Ozone Chemistry Analysis  - Satellite Data

* Miech, Herckes, Fraser, Arellano, Mirrezaei and Guo (2024) Atmosphere 15(5) 555

With ABOR funding, ASU and 
UA investigated existing 
datasets to better understand 
ozone chemistry in Phoenix.

Specifically, we looked at 
ground-level monitoring data, 
satellite data and airshed 
modeling to investigate VOC 
vs NOx limitations on ozone 
formation

TROPOMI satellite retrievals 
suggest the chemistry in 
central Phoenix is more VOC 
limited than surrounding 
areas based on column data

Averaged HCHO (a) and NO2 (b) satellite column densities, HCHO/NO2
ratio(c) over the Phoenix metro area for all available dates summer 2021

12



Common Exceedance Days Across Intermountain West

13* Naghmeh Soltani (Postdoc – U-Arizona) Unpublished Results

Investigating common O3 exceedance days across 4 
major areas looking at 4-, 3-, and 2-state combinations:
• 2009-2016 (post-great recession, exceedances still 

responding to emission decreases)
• 2017-2019 (pre-COVID pandemic, exceedances not 

responding to emission decreases)
• 2020-2021 (COVID pandemic period, exceedances not 

responding to emission decreases)
• 2022-2024 (post-COVID, exceedances not responding 

to emission decreases). 

Maricopa County and Denver are most common among the 4 areas

GLOR is engaging in outreach efforts with our neighboring 
states to share our work and learn about theirs



BVOC Emissions Sensitivity and Ground Truthing

Using MEGAN 3.2, ASU has been 
investigating the sensitivity of 
emission estimates to 
environmental parameters.

The take away from this analysis 
is that temperature is the key 
environmental driver to BVOC 
emissions

Elevated temperatures over the 
summer result in MEGAN 
predicting very high BVOC 
emissions which feeds into SIP 
modeling efforts

* Rachel Braun (Asst Research Professor) Unpublished Results 14



Conclusions
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GLOR is designed to better understand: 

• The region’s O3 chemistry - periphery vs core; daytime (when ozone is 
formed) vs nighttime 

• Transport and other regional factors such as wildfire smoke
• Role of vertical mixing - with extreme high temperatures and very high 

mixing depths and no aloft data (due to timing/logistics) the small mobile 
ozone lidars are key (i.e., smoke plumes can reside aloft and be missed by 
ground sampling)
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Back-up slides
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Ozone Chemistry Analysis  - Ground Data and Modeling

* Miech, Herckes, Fraser, Arellano, Mirrezaei and Guo (2024) Atmosphere 15(5) 555

When you look at 
ground-level data at 
JLG, there is a clear 
time of day impact

Nighttime data 
absolutely looks 
VOC limited 
(HCHO/NO2<1)

Daytime data does 
not appear VOC 
limited showing the 
need for time 
resolved data Left: ground-level HCHO/NO2 ratios from JLG based on time of day 

and isolating smoke (open circles) and non-smoke (closed circle) days.
Right: WRFChem model runs of summer 2021 showing same ratio

18



BVOC Field Flux Results at WPHX

* Trinity Olquin (LICOR Connect Meeting, February 2025, Tucson AZ) presentation 19



OZONE PRODUCTION DYNAMICS
Source: Nussbaumer and Cohen, EST, (2020)

Identification of Chemical Regime 

Data and Methods:

1) MCAQD Surface Concentration (CH2O, NO2, O3)

2) Satellite Retrieval Columns (CH2O, NO2)

3) Model Surface Concentration (CH2O, NO2, O3)

Data Source              : MCAQD (LCS -NO2, canister/PAMS-CH2O)
Sampling Time          : Hourly (June - August 2021), CH2O 8-hr every 3-days
Sampling Coverage.  : JLG, Buckeye, Pinnacle Peak, North Phoenix, Mesa
Indicator                   : CH2O/NO2 (FNR)

Data Source             : WRF-Chem4.4 (NEI 2017, FINN2.5), MDA8: AQS Daily 
Sampling Time         : Hourly (Jun 2017-2021, Apr-Aug 2017)
Sampling Coverage  : Arizona (3 km)
Indicator                  : CH2O/NO2 (FNR)

4) Surface Site Concentration (O3, NO2)

Data Source              : TROPOMI (NASA) , NO2v2.20 (qa>0.75), CH2Ov2.01 (qa>0.5)
Sampling Time          : Daily (2019-2022), 130pm
Sampling Coverage.  : Global (~7km) 
Indicator                   : CH2O/NO2 (FNR)

Data Source            : USEPA AQS - ≤ 0 missing, <MDL=0.5MDL
Sampling Time        : Hourly (2015-2021)
Sampling Coverage : JLG, Children’s Park, Yuma, Alamo, Grand Canyon, Chiricahua 
Indicator                 : Weekend/Weekday variation (Weekend Effect: VOC-Limited)
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Summer 2024 BVOC Emissions Modeling

MEGAN shows dramatically higher BVOC 
emissions at elevated temperatures.  

* Rachel Braun (Asst Research Professor) Unpublished Results

To corroborate these modeled emissions, ASU 
undertook field flux measurements at two sites (WPhx
and ASU Polytechnic) in summer 2024 and will be out 
in the field in summer 2025 as part of GLOR.
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Impact of Woodsmoke Episodes

* Braun and Fraser (2025) submitted for publication in Atmos. Environ.

Figure 2. Median values of Maximum Daily 8hr Average (MDA8) O3 for measurement 
sites across Metro Maricopa County for first smoke (a) and consecutive smoke days 
(b).  Shown in panels (c) and (d) are the changes in median MDA8 O3 from no smoke 
to either first smoke  or consecutive smoke days. Census-defined urban areas are 
shown in grey, major roads are in blue, and county boundaries are in black. 

Figure 1. Comparison between no smoke, first smoke, and consecutive 
smoke days for maximum daily regional value of maximum daily 8 hr
average (MDA8) O3 and 24hr average PM2.5. The dashed lines indicate the 
EPA 2015 8-hour NAAQS for O3 and daily NAAQS for PM2.5.
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BVOC Field Flux Measurements

Eddy Covariance uses 
atmospheric motion and 
pollutant concentrations to 
calculate flux from the surface

* Trinity Olquin (AGU Fall Meeting, December 2024, Washington DC) presentation 24


	Ground Level Ozone Research (GLOR) Field Campaign Summer 2025
	The Intermountain West Faces Similar Challenges�
	What makes Maricopa County a challenge?
	Historical Context
	Building on Recent Regional Work
	Timeline of Events
	Hypotheses Related to Phoenix Ozone Levels
	To explore these hypothesis, we have a robust research plan.
	Research uses Ground Monitoring�
	How can ASU and UA best support the MAG SIP development process?��
	Identification of Woodsmoke Episodes��
	Ozone Chemistry Analysis  - Satellite Data��
	Common Exceedance Days Across Intermountain West
	BVOC Emissions Sensitivity and Ground Truthing��
	Conclusions��
	Acknowledgement
	Back-up slides��
	Ozone Chemistry Analysis  - Ground Data and Modeling��
	BVOC Field Flux Results at WPHX��
	Slide Number 20
	Summer 2024 BVOC Emissions Modeling��
	Impact of Woodsmoke Episodes��
	BVOC Field Flux Measurements��

