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Executive Summary

During the period 26 May — 17 October 2023, a team of researchers from the University of
Houston, St. Edward’s University, Trinity University, and the University of Texas at El Paso
carried out a total of 60 ozonesonde launches in El Paso, San Antonio, and Houston, Texas (26
launches from El Paso, 24 from San Antonio, and 10 launches from Houston). This effort had the
primary purpose to sample, characterize, and explain ozone and meteorological features in the
boundary layer, the lower free troposphere (LFT), and the upper troposphere/lower stratosphere
(UTLYS) in these regions. Launches were targeted at days when ozone was expected to exceed the
level of the Federal standard to inform and improve our understanding of conditions under which
such exceedances could occur. The data collected from San Antonio and El Paso builds on past
ozonesonde campaigns in 2017, 2019, and 2020. The data collected from Houston builds upon
the 2021 TRacking Aerosol Convection ExpeRiment — Air Quality (TRACER-AQ) and 2022
TRACER-AQ?2 campaigns (Jensen et al., 2022; Judd et al., 2021). Data from this project support
analyses of conditions associated with high ozone events in these regions.

During the sampling period, there were seven days where the max daily 8-hour average (MDA)
ozone concentration for the El Paso region exceeded the 2015 National Ambient Air Quality
Standard (NAAQS) of MDAS [O3] < 70 ppbv. The Continuous Ambient Monitoring Station
(CAMS) C1021 Ojo de Agua site located in northwestern El Paso to the west of the Franklin
mountains recorded ozone exceedance events on all seven of those days and on all but one day
was the highest monitor the region.

For the 2023 San Antonio campaign, there were two days in August and four days in September
that exceeded the NAAQS ozone standard and had ozonesonde launches. The days exceeding the
ozone standard were during post-frontal conditions. The monitor recording the highest ozone
was on the northwest side of San Antonio for three of those six days, and such days showed light
winds in the morning shifting to out of the SE in the afternoon. The profiles of the dawn flights
showed that background ozone leftover in the residual layer from the previous day significantly
contributed to the higher ozone days in San Antonio. For days that did not exceed the ozone
standard, consistent southerly flow regularly brought relatively clean marine air and strong winds
to San Antonio.

Ten ozonesondes for this project were launched from the Houston-Galveston-Brazoria region in
September 2023. Four days with ozonesonde launches had a monitor exceed the ozone standard,
and those events spanned a range of conditions. Two of the exceedance days showed effects
from a sea breeze leading to a flow reversal followed by increases in ozone concentrations.
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1. Introduction

Ozonesondes have been launched from weather balloons in Texas since 2004. Two components
of the payload make measurements: the ozonesonde, which measures ozone, and the radiosonde,
which measures pressure, temperature, humidity, latitude, longitude, altitude, wind speed, and
wind direction (with the last five in the list coming from an integrated GPS instrument).
Connected to the ozonesonde, the radiosonde transmits a packet of data every second in the
reserved FM radio band for meteorological instruments to researchers at the surface using an
antenna and a receiver, who collect the data with an antenna attached to a receiver and a
computer with software to decode the signal. As a result, researchers do not need to recover the
ozonesonde after the flight to obtain the data. Hereafter, we will refer to the entire payload as an
ozonesonde.

Ozonesondes rise at ~5 m/s and make it to altitudes of ~24 km or ~30 km depending on the size
of the balloon we use. A key advantage of ozonesondes is that they augment two-dimensional
surface observations by providing a vertical component, a profile of ozone and meteorology,
resulting in a three-dimensional snapshot of the ozone concentration throughout the troposphere
and into the stratosphere. The surface monitoring network can provide an estimate of background
transported ozone but is not able to measure ozone aloft that may mix down into the boundary
layer, influencing daily ozone maxima. Furthermore, information from ozonesondes allows
researchers to determine the boundary layer height, a key element that influences surface
pollution concentrations in both the real and modeled atmosphere.

In Section 1.1 we will examine how ozonesonde data can be used to identify the long-range
transport of ozone that contributes to the observed ozone concentrations in the boundary layer.
In so doing, we will discuss how to identify potential contributions from biomass burning
influences and to identify potential stratospheric air that has made its way into the troposphere.

In Section 1.2 we demonstrate how ozonesonde flights at dawn provide information about ozone
concentrations in both the nocturnal boundary layer (at the surface) as well as the residual layer
(aloft, but at an altitude that can be entrained in the growing morning boundary layer). Both
layers can influence ozone concentrations near the surface and in the afternoon boundary layer.

In Sections 2 and 3, we review the field campaigns in El Paso and San Antonio, respectively. In
Section 4, we review the ozonesonde measurements from Houston. In Section 5 we provide
conclusions.

In 2023, a total of 60 ozonesondes were launched from El Paso, San Antonio, and Houston (26
from El Paso, 24 from San Antonio, and 10 from Houston). The data for this project is available
on the NASA STAQS data archive: https://www-air.larc.nasa.gov/cgi-
bin/ArcView/stags?SONDE=1. All flight times in this report are Coordinated Universal Time
(UTC or Z). Note that 21Z is the same as 21:00 UTC. UTC is 6 hours ahead of Central
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Standard Time (local San Antonio and Houston standard time), and 7 hours ahead of Mountain
Standard Time (local El Paso standard time).

1.1. Identifying Long-range Transport

Signs of long-range transport of ozone that can contribute to the boundary layer can be identified
through analysis of ozonesonde profiles. Such cases of long-range transport are often the result
of either stratosphere-troposphere exchange (STE) or influences of biomass burning.

In an effort to better understand the factors controlling vertical O3 distribution, we examine the
difference in O3 between the 1-km layer in the lower free troposphere (LFT) immediately above
the mixed layer (ML) and the O3 in the ML. Figure 1 shows an example profile identifying
these two layers from a flight that occurred from Houston. The mixed layer height is determined
by examining gradients in relative humidity (RH), O3, temperature, and potential temperature (6)
and is identified as the height at which most (if not all) of these variables show a sharp vertical
gradient. Furthermore, we define three cases based on the RH and O3 found in the 1-km layer in
the LFT: Case 1 finds a maximum O3 < 70 ppb with a minimum RH < 10%; Case 2 finds a
maximum O3 > 70 ppb with a minimum RH > 40%; and Case 3 finds a maximum O3 > 70 ppb
and a minimum RH < 10%. Case 1 potentially suggests UT/LS air has been transported to the
LFT which may be high in O3, but not high enough on its own to trigger a violation of the EPA
8-hour O3 standard. Case 2 is potentially indicative of high O3 air that likely has an
anthropogenic or biomass burning source. The high RH values associated with the high O3
suggest sources near the surface or in the lower troposphere. The O3 concentrations exceed the
EPA 8-hour O3 standard. On these occasions, local violations may occur with contributions
from transported O3. Finally, Case 3 is potentially indicative of high O3 air descending from the
UT/LS to the LFT, low enough where it may interact with the ML or residual layer (RL) air
masses. Since the O3 concentration in this LFT layer exceeds the EPA 8-hour O3 standard,
these are cases in which violations may occur with contributions from naturally produced and
transported stratospheric O3. For each of the cases, support for the interpretations of the
observed vertical ozone distributions can be strengthened by performing HY SPLIT back
trajectories to determine where the air parcels were transported from, comparing to other
available chemical measurements, and other nearby soundings of radiosondes, if available.
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Examining Transport Impacts
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Figure 1. The figure shows an example profile used to determine O3 in the lower free troposphere (LFT)
and the mixed layer (ML). ML height determinations are made using O3, RH, temperature (not shown),
and potential temperature (0) data. See text for details. The thick lines are data of the ascent of the
ozonesonde and the thin lines show the descent. Our focus will typically be on the ascending data.

The image on the left in Figure 2 shows the profile from the first flight of the 2017 campaign
from El Paso. The top of the boundary layer is specified by the black horizontal line. Higher
ozone above the boundary layer suggests ozone has been transported into the area. Much more
common is the situation we see in the image on the right in Figure 2 where the ozone gradient is
negative (the ozone concentration decreases) just above the boundary layer. This pattern
suggests the highest ozone has formed locally in the boundary layer instead of being transported
into the area. Once an ozone enhancement associated with long-range transport is identified, as
with the afternoon flight on 15 May 2017, further investigations are needed to identify potential
upwind sources.

In most cases, the top of the boundary layer is straightforward to identify for afternoon profiles.
The afternoon boundary layer is well mixed and thus the ozone concentration is relatively
uniform throughout (somewhat lower concentrations near the surface due to deposition and/or
titration of ozone by fresh NO emissions). At the top of the afternoon boundary layer, there are
simultaneously sharp gradients (i.e., kinks) in the relative humidity, ozone concentration, and
potential temperature.
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Figure 2. Left: Just above the boundary layer there is a positive gradient in the ozone concentration (it
increases), which is a sign of long-range transport. Right: Just above the boundary layer there is a
negative gradient in the ozone concentration (it decreases), which is more common, meaning long-range
transport is less likely and that the ozone in the boundary layer is more likely the result of local
photochemical production, local transport, and contributions from the nocturnal boundary layer of the
previous night.

1.1.1.

Ozone enhancements, like the one just above the boundary layer on the left image in Figure 2,
can potentially be the result influences due to biomass burning. We use NOAA HYSPLIT back
trajectories (https://www.ready.noaa.gov/hypub-bin/trajtype.pl?runtype=archive) overlaid on top
of recent hot spots using MODIS or NOAA Hazard Mapping System Fire and Smoke Product
(https://www.ospo.noaa.gov/Products/land/hms.html) to ascertain whether smoke and biomass
burning influences are contributing to particular ozone enhancements observed in the profiles.

Potential Influences due to Biomass Burning

Figure 3 shows the back trajectories of air parcels with starting altitudes at the height of the
ozone enhancement just above the boundary layer on the afternoon flight of 15 May 2017 from
El Paso. The back trajectories show likely paths that the air parcels above El Paso at that time
followed over the prior 96 hours. The back trajectories are overlaid on top of recent MODIS hot
spots where the red dots show sites of possible biomass burning from the previous 24 hours and
the yellow dots show the sites of possible biomass burning from the previous seven days. The
ozone enhancement we see on 15 May 2017 may have had contributions resulting from long-
range transport resulting from the influences of biomass burning emissions. The Appendix
contains more information about the standard HY SPLIT trajectories that we calculate and
guidelines about their range of applicability. The ozonesonde data and analysis suggest that this
event could make a good case study for modeling to ascribe relative contributions of biomass
burning and local production to the boundary layer ozone concentrations.
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Figure 3. The profile of the sounding on 15 May 2017 (Figure 2) has an ozone enhancement in the LFT
with a peak at 5500 m AMSL. The enhancement may have resulted from the long-range transport of
biomass burning emissions. Left: HYSPLIT back trajectories at 3000 m (red), 4250 m (blue), and 5500 m
(green) AMSL overlaid on recent MODIS hot spots (red and yellow dots).

1.1.2.  Stratosphere-Troposphere Exchange

The stratospheric ozone layer has ozone concentrations that are a couple of orders of magnitude
greater than what is observed at the surface. After a cold front, a tropopause fold may result in
stratospheric air (high in ozone) mixing down into the troposphere a process known as
stratosphere-troposphere exchange (STE) (Reiter, 1975; Shapiro, 1980). Post-frontal conditions
often consist of clear skies, dry air, and weak or stagnant winds, conditions conducive to local
ozone formation (Ngan et al., 2012). Such conditions, typically found one to three days after a
frontal passage, often correlate with high ozone days.

Stratospheric air is very dry, and thus a sign of potential STE is when there is an ozone
enhancement that simultaneously has very dry air with relative humidity (RH) < 5%
(Appenzeller & Davies, 1992). HYSPLIT back trajectories typically show some descent for the
air contributing to such a feature (Langford et al., 2018). Further, for cases where the back
trajectories pass over the Rocky Mountains, the mountain range may facilitate downward
transport (Langford et al., 2009).

1.2. Identifying Contributions from the Residual Layer

During most flight days in the 2019 campaign there were twice-daily launches with one at dawn
to capture the nocturnal boundary layer and residual layer, and the other in the afternoon near the
time of peak surface ozone. Figure 1 shows the profiles of two ozonesonde flights on 3 August
2019 from El Paso. The altitude on the vertical axis is km above mean sea level (AMSL).
Profiles of the ozone are shown in light blue for the morning flight and dark blue for the
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afternoon flight. Profiles of relative humidity (RH) are shown in green for the morning flight
and dark green for the afternoon flight. Potential temperature (0) profiles are shown in red for
the morning flight and dark red for the afternoon flight. The potential temperature is the
temperature (in Kelvin) that a parcel of air would have if adiabatically transported to a standard
pressure (i.e., 1000 hPa or surface pressure). The stability of the air can be determined by the
vertical gradient (as a function of height z) of the potential temperature. The top of the afternoon
boundary layer (BL) is marked by the black horizontal line. Just above the surface for the
afternoon potential temperature profile, 06/0z < 0, which indicates the air is unstable (due to
surface heating). After the initial negative gradient near the surface, the potential temperature is
approximately constant (06/0z = 0) to the top of the boundary layer near 3.9 km AMSL on this
day. A near zero gradient in potential temperature is common. Above the boundary layer, the
atmosphere is stable as indicated by the potential temperature gradient being positive (06/0z > 0).
The larger a positive potential temperature gradient is, the stronger the stability of the
atmosphere at that altitude.

3 August 2019 El Paso
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Figure 4. For El Paso, the first day during the 2019 sampling period with an MDAS ozone concentration
in exceedance of the NAAQS ozone standard was 3 August. The image shows dawn (light blue and light
green) and afternoon (dark blue and dark green) ozone and relative humidity profiles. The twice-daily
profiles allow for estimates of the contribution of the residual layer from the previous night to the
subsequent afternoon boundary layer ozone concentrations.

Air in the morning residual layer will become entrained in the growing morning boundary layer,
mixing into what becomes the afternoon boundary layer. Measurements of the morning residual
layer ozone concentrations can provide an estimate of the starting point for production of the
boundary layer ozone concentrations seen in the afternoon.
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2. El Paso

There were 26 ozonesondes launched from the University of Texas at El Paso (UTEP) campus in
El Paso. The typical pattern of two ozonesondes for each flight day included a morning
ozonesonde at ~6 am LT (local time is UTC-6) and an afternoon ozonesonde at ~2 pm LT. Table
1 shows profiles of ozone (blue), relative humidity (green), and potential temperature (red) for
each ozonesonde launch from the UTEP campus in El Paso in 2023. On two days, 28 June and 6
July 2023, the afternoon ozonesonde was called off and there was only the morning ozonesonde
on those days. There was a connection issue for the ozonesonde launched on the afternoon of 18
July, which resulted in no ozone data being recorded for that flight.

Table 1. Ozonesonde profiles from EIl Paso in 2023. The profiles show the first 7 km above mean sea level
(AMSL). The ozone (blue), relative humidity (green) and potential temperature (red) are shown. Morning
profiles are shown on the left and afternoon profiles are shown on the right.
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18 July 2023 El Paso (12:23 UTC)
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During the prior campaigns the C12 UTEP monitor (no longer active) recorded more exceedance
events than the other CAMS locations in the region. Some of the ozonesonde profiles from this
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campaign reflect elevated ozone levels above the UTEP campus, such as the afternoon profile on
August 17, which shows > 80 ppbv of ozone in the first three kilometers above the surface.

The new CAMS 1021 Ojo de Agua site (serves as C12 UTEP site) offers new opportunities to
study air quality on the northwest side of El Paso to the west of the Franklin mountains. During
the sampling period, there were seven days where the C1021 Ojo de Agua site exceeded the
ozone standard: July 3, July 4, August 1, August 3, August 4, August 28, and August 31. Figure
5 shows the 24-hour wind runs for the C1021 Ojo de Agua site for August 4 and August 31, the
two highest ozone days for the El Paso region during the sampling period. The wind runs link
together the hourly wind from a monitoring site, and the color scale shows the ozone for that
specific hour. For both days, the ozone reached its maximum when winds had a southerly
component, which could be an indication of influences from cross-border transport from Juarez.

C1021 Ojo de Agua - 20230804 - MDAS8 Os; = 78 pphv C1021 Ojo de Agua - 20230831 - MDA8 O53 = 75 ppbhv
100
100 1401 100
80+ T 1201 T
80 80
604 N 100 A N
g 2 E 80 2
= 60 & <= 60 &
o 401 L= =
g S & 999 S
8 - >
2 204 40 B 2 404 a0 B
a E a E
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20 04 20
=201 ~20
-100 -80 -60 -40 =20 0 20 -150 -125 -100 -75 -50 =25 0 25
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Figure 5. 24-hour wind runs for the C1021 Ojo de Agua monitor on August 4 (left) and August 31 (right),
the two highest ozone days in the El Paso region during the sampling period.
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3. San Antonio

There were 24 ozonesondes launched from the Trinity University campus in San Antonio from
25 August — 17 October 2023. The typical sampling strategy was for one ozonesonde launch in
the morning and another in the afternoon. Restrictions on weekdays were such that the first
ozonesonde was launched at 7 am LT and the second was launched after 5 pm LT (local time is
UTC-5). Table 2 shows profiles of ozone (blue), relative humidity (green), and potential
temperature (red) for each ozonesonde launch from the Trinity University campus in San
Antonio in 2023. During the campaign, a couple of flights had issues collecting data. On
September 1, no ozone data was collected. On September 27, the planned afternoon launch was
scrubbed due to rain and so there was only one flight on that day. On another day, September 28,
there was an afternoon ozonesonde launch, however, due to an issue with the receiving system
(which was later corrected), no data from that flight was collected.

Table 2. Ozonesonde profiles from San Antonio in 2023. The profiles show the first 7 km above mean sea
level (AMSL). The ozone (blue), relative humidity (green) and potential temperature (red) are shown.
Morning profiles are shown on the left and afternoon profiles are shown on the right.
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26 Sept 2023 San Antonio (12:01 UTC)
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Altitude (km)
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During the sampling period of 25 August — 17 October 2023, there were 13 days where one of
the CAMS in the San Antonio region exceeded the MDAS ozone standard. Ozonesondes were
launched on six of those days: August 25, August 31, September 1, September 2, September 18,
and September 27. The morning ozonesondes capture how near-surface ozone is close to zero
while aloft there is ozone left over in the nocturnal residual layer. As the boundary layer grows
throughout the day, the convection resulting from surface heating mixes in some of the residual
layer. On days exceeding the ozone standard, residual layer ozone left over from the day before
often has a significant contribution. Table 3 shows the peak value of O3 in the residual layer
identified from the morning ozonesonde profile and the peak O3 in the afternoon boundary layer
identified from the afternoon ozonesonde profile for days that exceeded the ozone standard and
ozonesondes were launched.
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Table 3. For days that exceeded the MDAS ozone standard in the San Antonio region and ozonesondes
were launched, the table shows the potential contribution of ozone in the residual layer that later mixed
into the boundary layer as it developed throughout the day. Also shown is the monitor in the San Antonio
region that recorded the highest MDAS O3.

Peak Residual @ Peak Afternoon

Date Layer O3 Boundary Layer
(ppbv) 03 (ppbv)
8/25/2023 60 75
8/31/2023 85 85
9/1/2023 N/A 90
9/2/2023 85 90
9/18/2023 75 90
9/27/2023 60 N/A

Highest
MDAS O3

(ppbv)

73
82
81
76
74
77

CAMS (for highest MDAS O3)

C622 Heritage Middle School
C622 Heritage Middle School

C58 Camp Bullis

C58 Camp Bullis

C23 San Antonio Northwest & C58
C505 Garden Ridge

The ozone exceedance days in the San Antonio region were often in post-frontal conditions. On
August 31 and September 1, there was a stationary front along the Gulf coast that led to clear
skies and slack winds in the San Antonio region during that ozone episode. Wind speeds were
particularly low overnight leading to the residual layer air aloft of San Antonio to remain in the
area. The ozone exceedance day on September 18 was in post-frontal conditions. San Antonio
was at the center of a high pressure system on September 27 with a cold front passing through

before.

The left column of Table 4 shows 24-hour wind runs (each hourly wind vector connected
together) for the CAMS with the highest MDAS O3 for each of the six exceedance days in which
ozonesondes were launched. The right column of Table 4 shows the 72-hour HYSPLIT back
trajectories of air masses that contributed to the afternoon boundary layer in San Antonio.
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Table 4. 24-hour wind runs (left) and 72-hour HYSPLIT back trajectories (vight) for each ozone
exceedance day in the San Antonio region for which ozonesondes were launched.
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4. Houston

There were ten ozonesondes launched from the Houston-Galveston-Brazoria (HGB) region as
part of this project in September 2023. Another 24 ozonesondes were launched from the HGB
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region as part of a separately funded TCEQ project. Of the ten ozonesondes allotted for this
project, eight were from the University of Houston Energy Research Park and two were from the
University of Houston Coastal Center. Table 3 shows profiles of ozone (blue), relative humidity
(green), and potential temperature (red) for each ozonesonde launch from the HGB region in
September 2023. Morning ozonesonde profiles are in the left column and afternoon ozonesondes
are in the right column. The sampling period for ozonesonde data collection in the HGB region
began and concluded in the month of September.

Table 5. Ozonesonde profiles from Houston in 2023 that were a part of this project. The profiles show the
first 7 km above mean sea level (AMSL). The ozone (blue), relative humidity (green) and potential
temperature (red) are shown.
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10 Sept 2023 Houston ERP (12:30 UTC)
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19 Sept 2023 UH Coastal Center (13:07 UTC) 19 Sept 2023 UH Coastal Center (18:35 UTC)
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Table 6 shows the peak value of O3 in the residual layer identified from the morning
ozonesonde profile and the peak O3 in the afternoon boundary layer identified from the
afternoon ozonesonde profile for days that exceeded the ozone standard and ozonesondes were
launched from the HGB region as part of this project.

Table 6. For days that exceeded the MDAS ozone standard in the San Antonio region and ozonesondes
were launched, the table shows the potential contribution of ozone in the residual layer that later mixed
into the boundary layer as it developed throughout the day. Also shown is the monitor in the San Antonio
region that recorded the highest MDAS O3.

Peak Residual Peak Afternoon  Highest

Date Layer O3 Boundary Layer MDA8 O3 CAMS (for highest MDAS O3)
(ppbv) 03 (ppbv) (ppbv)

9/10/2023 60 65 76 C1034 Galveston 99™ St

9/11/2023 55 N/A 97 C53 Bayland Park

9/17/2023 55 N/A 83 C1034 Galveston 99™ St

9/19/2023 60 75 89 C26 Northwest Harris Co.

On September 10 there was a stationary front off the coast in the Gulf of Mexico, and that
stationary front was over the HGB region on September 11. September 17 was in post-frontal
conditions. On September 19, a high pressure was in place over central and southeastern Texas.

The left column of Table 7 shows 24-hour wind runs (each hourly wind vector connected
together) for the CAMS with the highest MDAS O3 for each of the four exceedance days in
which ozonesondes were launched. The right column of Table 4 shows the 72-hour HYSPLIT
back trajectories of airmasses that contributed to the afternoon boundary layer in Houston.
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Table 7. 24-hour wind runs (left) and 72-hour HYSPLIT back trajectories (vight) for each ozone
exceedance day in the Houston-Galveston-Brazoria region for which ozonesondes were launched as part
of this project.
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5. Conclusions

For the days during the 2019 and 2020 campaigns that exceeded the ozone standard, there were
signs of possible transport of 0zone and its precursors into either the El Paso or Socorro, TX
areas. Juarez was usually upwind of the high ozone areas observed in El Paso or Socorro, TX.
When Juarez was upwind, slow steady winds may lead to an increase greater than 10 ppbv to the
MDAS ozone concentration on those days, and thus influence whether the El Paso and Socorro,
TX monitors are in compliance with the NAAQS ozone standard. During the sampling period in
2023, there were seven days where the C1021 Ojo de Agua monitor exceeded the ozone
standard, and the monitor was the highest monitor in the region on all but one of those days. On
the two highest ozone days, ozone concentrations at the C1021 Ojo de Agua monitor were
highest when the monitor recorded winds out of the south. Given its location in northwestern El
Paso to the west of the Franklin Mountains, this result is consistent with findings of other
monitors in the region where impacts of transport from Juarez may play a role. When conditions
are favorable for ozone production, the transport of ozone and its precursors (e.g., NOx) into the
El Paso area can lead to increases in ozone concentrations at key monitors that are in the path of
the transported plume.

In San Antonio, post-frontal environments are very effective in creating conditions for high local
ozone production, particularly when the return to southerly flow of moist, cleaner air from the
Gulf of Mexico does not happen quickly. The plume affecting Camp Bullis and San Antonio
Northwest monitors contains both elevated background ozone from continental transport and
local ozone production from San Antonio. Recirculation of this combined air mass over San
Antonio brings the polluted air back over the northwestern San Antonio monitors during the
afternoon of a high ozone day. The dawn launches provide ozone profiles of the residual layer
that can contribute to that day’s afternoon peak ozone in the boundary layer as mixing occurs
throughout the morning. For the days during the 2023 campaign that exceeded the ozone
standard and had ozonesonde launches, the winds were typically slow overnight and during the
day, enhancing the contributions of air from the previous day adding to the ozone found in the
residual layer. The high background ozone present in the residual layer accelerated and enhanced
local production resulting in exceedance days. As might be expected, the atmosphere was
relatively clear of clouds and moisture on exceedance days.

In the Houston-Galveston-Brazoria region, there were ten ozonesondes launched as part of this
project. The exceedance days observed in the HGB region spanned a range of conditions. In
some cases, there were clear signs of the impacts of recirculating air masses resulting from bay
and sea breezes impacting Houston and coastal (e.g., Galveston) sites.

There is limited evidence of stratospheric influence, due to low humidity and high ozone present
above the boundary layer, but it is not clear that the stratospheric air is reaching the boundary
layer. More work is needed to better quantify the potential impacts of transported ozone on
boundary layer concentrations. This could potentially be done by incorporating modeling along
with sonde profile analysis.
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5.1. Opportunities for Future Work

On August 1, 2023, the NASA Tropospheric Emissions: Monitoring of Pollution (TEMPO)
instrument on a satellite started taking measurements that will provide hourly scans over Texas.
After it becomes available starting in April 2024, the satellite data will improve our ability to
characterize ozone episodes in Texas and the ozonesondes from this project will offer a way of
assessing TEMPO’s performance and reliability of its data ozone data products across Texas,
particularly in the boundary layer and lower free troposphere.

We also recommend that TCEQ or other entities continue to fund regular atmospheric sampling
with ozonesondes during ozone seasons in these target areas, as well as other areas of interest,
such as Dallas-Fort Worth, Austin-Round Rock, and others. Data from these campaigns
contribute to continuous improvements in photochemical modeling, assessments of transport,
and improve understanding of atmospheric conditions during high ozone events.
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