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Radiosondes 
(potential severe weather)

National Weather Service has twice 
daily soundings (00Z and 12Z) from 
many sites across the US

● No regular sounding location in 
Central Texas or Houston

● St. Edward’s University (Austin) 
and Texas A&M University 
(College Station) release 
weather balloons to support 
forecasting efforts

○ Released weather 
balloons prior to severe 
weather (tornadoes) on 
March 21, 2022 and April 
12, 2022.



Ozonesondes (air quality measurements)

Ozonesonde prep

● Initial prep (2.5 hours)

● Day-of prep (1.5 hours)

● Launch prep (45 min)

Balloon reaches about 

100,000’ (bursts)

● Rises at ~1000’ per min

● Parachute slows descent

● Flight time of ~2-2.5 hours



Ground-level Ozone
a secondary pollutant

Ground-level ozone formation: 

NOx + VOCs + UV → O3

NOx: NO and NO2

VOCs: volatile organic compounds

Control strategy to reduce ozone 

depends upon whether in a NOx-

limited or VOC-limited regime

Credit: National Academies of Sciences. https://doi.org/10.17226/1889.



Ground-level Ozone
a secondary pollutant

Ground-level ozone formation: 

NOx + VOCs + UV → O3

MDA8: Maximum Daily 8-hour Average

Ozone design value: 3 year average 

of each year’s 4th highest ozone day

● EPA National Ambient Air Quality 

Standard (NAAQS) ozone 

standard of 70 ppv

Below: Ozone design value for Austin

MDA8 Ozone values for each monitor in October 2022

Right: Four 

highest 

ozone days

of 2022

https://www.tceq.texas.gov/cgi-bin/compliance/monops/8hr_attainment.pl
https://www.tceq.texas.gov/cgi-bin/compliance/monops/8hr_monthly.pl
https://www.tceq.texas.gov/cgi-bin/compliance/monops/8hr_4highest.pl
https://www.tceq.texas.gov/cgi-bin/compliance/monops/8hr_4highest.pl
https://www.tceq.texas.gov/cgi-bin/compliance/monops/8hr_4highest.pl


Ozonesondes in Texas

Austin (2016, 2017, 2023)

San Antonio (2017, 2019, 2020, 
2023)

El Paso (2017, 2019, 2020, 2023)

Houston (2021, 2022, 2023)

● Houston has a long track 
record since 2004

Corpus Christi* (2021, 2022)

*not focused on air quality



A day in the life of the boundary layer

Credit: NikNaks (Own work, based on [1]) [CC BY-SA 3.0], via Wikimedia Commons

https://www.e-education.psu.edu/meteo300/node/712


Ozone leftover from the previous day

Residual layer contribution to afternoon ozone



Potential to identify transport of biomass burning influences
Ozone enhancement above the boundary layer (El Paso)

● Goes away on May 16 and PM2.5 sharply increases
● Back trajectories perhaps consistent with biomass burning 

influences
Peak hourly PM2.5

(µg/m3)

Lowest 

Visibility 

(miles)

C12 C37 C41 C37

15 May 

2017
9.5 17.8 17.3 12.44

16 May 

2017
109.1 166.0 176.3 1.29

17 May 

2017
8.1 17.0 15.3 14.21

18 May 

2017
10.3 15.4 12.3 14.45

Particulate matter (PM2.5) at 

surface monitors



Wind patterns on 

high ozone days

High ozone days are often 

observed in post-frontal 

conditions

● Clear skies

● Nearly stagnant winds
○ Some recirculation

Credit: Li et al (2020) https://doi.org/10.1029/2020JD033165

San Antonio (August- October 2013): Hourly wind 

direction and speed clusters 

https://doi.org/10.1029/2020JD033165


Power of coincident 

measurements to characterize 

high ozone events

Large field campaigns in 

Houston area in 2021-2022

2021 NASA TRACER-AQ

● Funds for supporting 

measurements from TCEQ

2021-2022 DOE TRACER

● Funds for supporting 

measurements from TCEQ

TRacking Aerosol Convection ExpeRiment- Air Quality

Image credit: Tim Marvel (NASA LaRC)

https://www-air.larc.nasa.gov/missions/tracer-aq/
https://www.arm.gov/research/campaigns/amf2021tracer


September 9, 2021 Houston-Galveston-Brazoria

Residual layer impact on boundary layer

NASA GSFC Ceilometer (John Sullivan)

DOE ARM Doppler lidar (Mentor: Rob Newsom)

Image generated by Thomas Surleta.  Courtesy of TRACER PI Mike Jensen.



September 9, 2021 

Houston-Galveston-

Brazoria

Ozone transported 

over water then 

recirculated



Pandonia Global Network AERONET

Coming to Austin in 2023

Two spectrometers part of global NASA networks 
making total column measurements

Pandora: Trace gases: Ozone, NO2, Formaldehyde

AERONET (Cimel): Aerosols

October 2023 Measurements (CAPCOG, pending):

● Mobile Air Quality Lab 3 (MAQL3)
○ Validate CAPCOG monitors
○ Map ozone and precursors between monitoring sites

● 16 ozonesondes
● Collaboration between University of Houston, Baylor 

University, and St. Edward’s University

Coming in 2024: EPA–CAPCOG

● 7 continuous particulate matter monitors
● Speciated particulate matter monitor
● Collaboration includes St. Edward’s University 

and Huston-Tillotson University

https://pandora.gsfc.nasa.gov/
https://aeronet.gsfc.nasa.gov/new_web/maritime_aerosol_network.html


Satellite Measurements in 2023+

Temporal resolution ~1 hr (O3); spatial resolution ~4.5-8 km 

TEMPO: Launched April 7, 2023

Tropospheric 
Emissions: 
Monitoring of 
Pollution 
(TEMPO)

Spatiotemporal 
variability of 
the boundary 
layer

Ozone, NO2, 
HCHO, 
aerosols

https://tempo.si.edu/index.html
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