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Observational  Analysis 
• SANA has 21 air quality 

monitoring sites – only 3 
are ‘regulatory’: BULL, 
SANW, CALA; others are 
‘supporting’ (many have 
winds) 

• These sites ‘report’ 1-H 
data to TCEQ for various 
species and meteorological 
parameters.  
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Observational  Analysis 
• My task was to turn these hourly 

data into “meaningful graphs and 
plots” and to contrast these among 
exceedances and non-exceedances 
for ozone and ‘to figure out’ why 
each occurred or not. 

• Once these are understood, 
`causes’ can be changed so as to 
not exceed (if you have the right 
`explanation’). 
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What kinds of Explanations are there? 
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Ozone Not Emitted—Made in air from NOx, 
VOCs 

6 

at the earth’s surface 
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Even While Being Diluted 
 NOx & VOCs Can Make Increasing Ozone  
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In Urban Environments Many Physical 
and Chemical Processes Compete 

• Emissions 
• Dispersion 
• Reactions 
• Deposition 
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Chemical species observations are necessary for  
 reactions, exposure, deposition 

Wind observations are necessary for  
 dispersion, dilution, transport 
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To Make Ozone in Texas Cities There Are 
Necessary Wind Conditions 

and 
Sufficient Chemical Conditions 

• Necessary conditions common to all San Antonito Ozone 
Exceedances are a daily 3Q or 4Q wind rotation (but see special 2Q 
case below). 

• Depending on the year, between 50 to 60 % of annual days at BULL 
site exhibit the necessary wind conditions, yet only 18 of these days 
exhibit an O3 exceedance. This is most likely caused by the 
sufficient chemical conditions not being achieved on all days. 

• Sufficient chemical conditions are related to NOx and  VOCs and 
radical sources like formaldehyde.  
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Texas Winds Rotate ! 
• Due to its `unique’ location on 

earth, 30° N latitude, interactions 
between the Coriolis force and the 
large scale geostrophic (pressure 
gradient) forcing results in 
‘rightward’ rotation of wind 
direction during a day. 
 

• At 30 N latitude, a full apparent rotation (a 
circle) requires 24 hours.  
 

• (Courtesy of Prof. John Nielson-Gammon, Texas A&M 
University, 2018)(https://www.youtube.com/watch?v=pBl-
aKA-qAM)  
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Daewon Byun 
(U of H)  
solved this  
problem in 
2005 
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Large-scale Pressure Gradient (geostrophic forcing) 



13 

\ 

13 

San Antonio Winds Rotate On High Ozone Days 



14 

Hourly Observations 
and 

Ozone Exceedances 

• How often are there O3 exceedances? 
• Other than nQ winds characteristics are there other characteristics? 

– What is the ‘range’ of daily 1-H O3 ?  ‘Transported O3 ’?  ‘NO Titrated O3 ’? 

• Which direction does the NOx and VOC come from?  From how far? 
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August        01, 2015 
September 01, 2015 

Displacement Wind Trajectory 
nq =  Number Wind Quads/day 

1-H ozone, rank 1 

8-H ozone, rank 1, 20 

1-H wind speed 

Wind 
Displacement 
Distance Scale 
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August 27, 2015 
August 31, 2015 

Displacement Wind Trajectory 

nq =  Number Wind Quads/day 
1-H ozone, rank 1 

8-H ozone, rank 1, 18 

1-H wind speed 
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Wind Displacement Distance Scale 
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2015 Wind Quadrants and O3 Exceedances  
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2016 Wind Quadrants and O3 Exceedances  
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2015 2Q 0X and 2Q 8X Displacement Trajectories  
New Type Exceedance Wind Flow seen in San Antonio (rare)     

NEW TYPE NORMAL  TYPE 
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San Antonio, Houston, El Paso Have Similar Wind Distributions 
2012, 2015, 2016 

• As expected, BULL and SANW had similar nQ distributions in each year 
• As expected, San Antonio, Houston, and El Paso had similar nQ distributions 

each year. 
• Distribution among 1Q, 2Q, 3Q, 4Q each year tends to change bi-annually 

due to the El Niña/La Niña global cycle that changes large scale flows across 
the southern US.  
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2012 Morning Wind Octet, Quads, O3 Exceedances  
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2015 Morning Wind Octet, Quads, O3 Exceedances  
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2016 Morning Wind Octet, Quads, O3 Exceedances  
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2012 Morning Wind Octet Timeseries 
Dot Color = Wind Speed Gray Scale 
Black > 40 km/h      White < 4 km/h    

Red Dot Color = O3 exceedance 8X or 9X 
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2015 Morning Wind Octet Timeseries 
Dot Color = Wind Speed Gray Scale 
Black > 40 km/h      White < 4 km/h    

Red Dot Color = O3 exceedance 8X or 9X 
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2012 SANW O3 (1H), (8H) vs 00-06 HH Transport Distance 
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2012 BULL O3 (1H), (8H) vs 00-06 HH Transport Distance 
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2015 SANW O3 (1H), (8H) vs 00-06 HH Transport Distance 
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2015 BULL O3 (1H), (8H) vs 00-06 HH Transport Distance 
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TCEQ’s CAMx Model 152-Day Scenario for 2012 
Used by Alamo Area Council of Governments for San Antonio Area  

and Alpine Geophysics for Houston 8-Hour Coalition 
• The TCEQ 2012 152-day CAMx Model simulation with nested grids is likely to be used by 

TCEQ for estimating 2020 8-H ozone control requirements.  The highest resolution grid is 4-
km cells, extending from west of San Antonio to east of Houston.   

• Both AACOG and AG have re-run the full scenario and have model-derived data.  Jeffries 
asked AACOG for layer-one, 4-km grid model selected species predictions for 152 days. They 
were not able to supply these until the last month of OThree’s Contract, too late for Jeffries 
to use them for analysis. AG was able to supply all Houston monitors species predictions in 
August 2018.    

• Here, I have used monitor site observations from 2012 Houston and the AG extracted layer 
one for grids the 152 day CAMx predicted species.  For here, for now, I am focused only on 
ozone, but the same suite of graphs and plots for ambient data will be applied to the model 
data.   

31 



32 32 

Houston’s H03H Monitor in  
TCEQ’s CAMx 4-km Grid  

Data extracted from Alpine Geophysics Run of TCEQ’s 2012 Model 
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2012 H03H Observed and Model Predicted Wind Quadrants and O3 Exceedances  
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2012 CLIN Observed and Model Predicted Wind Quadrants and O3 Exceedances  
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2012 Observed and Model Predicted Wind Quadrants and O3 Exceedances Errors 

For 2012, the model predicts: 
  at H03H : 22 extra days with 1Q & 2Q days  
  at CLIN   : 27 extra days with 1Q & 2Q days 

For 2012, the model predicts: 
  at HO3H : 6 more exceedance days 
  at CLIN   : 7 more exceedance days 
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Further Investigation of the TCEQ CAMx Simulation 
IS PLANNED 

• Common model performance issue : 
– COMPENSATING ERRORS across different 

processes components in model.  
– NASA/NOAA atmospheric researchers 

already found likely over-estimation of NOx / 
CO emissions by 8-20% in the Model 
Inventories.  
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Reactive Source Areas 
The low frequency of producing O3 as demonstrated by the small ratio 
of 8X or 9X days compared to the much larger number of 3Q or 4Q 
‘necessary’ conditions days for making O3, implies that there is a limit 
on the “sufficient” causes of 8/9X O3 levels; that is, the reactive 
ingredients are not available often enough under 3/4Q conditions to 
result in more X’s. The ‘sufficient’ causes must be NO/NOx and VOCs 
(that are not rapidly dispersed by 1Q or 2Q winds). 
  
Further, the strength of the NOx source is highly repeatable as morning 
and evening traffic (and heavy duty trucks). (The NOx is a `made’ by-
product of these activities). VOCs on the other hand are mostly brought 
in as liquid or gas, STORED, and can be vented or leaked to the 
atmosphere.  
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Biggest Issue Remaining : VOC levels and sources 

• VOC measurements are not available for 2012 
• VOC measurements (speciated) available part of 2016 at BULL 
• Model VOCs are based on `ozone season’ average inventories, 

lacking any ‘short-term’ or accidental daily or hourly information.  
Model uses small number of ‘model VOC species’ 

• Based on significant experience in Houston (beginning in 2003) 
other ways to ‘see’ rapid emissions of ozone forming VOCs was and 
is the `Infra Red Camera’ which resulted in removing numerous 
small (but ‘plume’ like) varying sources that could be traced to 
ozone production.  
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IR Camera View of  
Storage Tanks in  
Houston. 
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41 Camp Bullis TCEQ Air Quality Monitor Site 
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Summary Findings 
• Rotating wind flows `necessary’ for ozone exceedances (confirmed by site data) 

– SANA wind Q-pie charts nearly identical to Houston for 2012, 2015, 2016, but differ by year. 

• Hypothesize that Reactive Source Areas are source of `sufficient’ VOCs 
– Strongly supported by morning wind direction and travel distance scatter plots. 
– Morning wind directions at BULL sites are from the W-NW and NW-N and at SANW are from 

NW-N for 8x and 9x ozone days and very rare from SE-S, toward the city core. 
– Site NOx poorly correlated with site 8-H or 1-H peak ozone. 

– Propose the use of IR-Camera to detect small, perhaps irregular, VOC sources. 

• TCEQ CAMx Model 2012 shows significant discrepancies for `rotating winds’ and for 
number of predicted ozone exceedance days at two Houston monitoring sites  
(preparing San Antonio model data for same tests) 

– Model incorrectly overpredicts exceedances for daily 1-quadrant and 2-quadrant winds. 

– Comparison of 2 Houston sites with TCEQ CAMx Model 0f 2012 shows model predicts significant 
differences in the distribution of wind quadrants and overpredicts the number of O3 exceedances by 6 
and 7 more days as exceeding.   
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Ozone attainment action plan update 
• Ozone Attainment Plan Construction 
• Communications  
• VW Beneficiary Mitigation Plan  
• Current Initiatives/Recommendations  
• ID Point Sources & Mitigation  
• Business Involvement  
• Policy/Advocacy/Funding  
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Underway 
• Departmental ozone action plans updated 
• VW Settlement coordination 
• Meetings with business groups  
• TCEQ presentations on non-attainment  
• Monthly meetings with EPA/TCEQ/Bexar County 
• RFI to identify VOC sources/species 
• Synergy between Ozone Attainment and Climate Action 
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Next Steps 
San Antonio/Bexar County 
Ozone Attainment Plan Due 
March 2019 

 

• Obtain stakeholder input  
• Develop Communications Plan 
• Identify VW Settlement projects  
• Identify/implement best practices--best 

in class cities  
• Research AQ funding and proposed 

legislation  
• Engage business community on 

mitigation efforts  
• Identify and begin mitigation of NOx and 

VOCs 
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Thank you.  Any Questions? 

Colleen M. Bridger, MPH, PhD 
Director 
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Harvey Jeffries, PhD 
OThree Chemistry, LLC 
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