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Forecasting the Air Quality in 
Texas

• Monitoring Division meteorologists produce daily 
air quality forecast.
– Includes today, tomorrow, and the following 2-3 days.
– Forecast pollutants include ozone, PM2.5, and PM10.
– Posted to TCEQ webpage, distributed via email, 

submitted to AirNow, etc.
• Ozone Action Days

– Forecasts are made daily for each participating 
metropolitan area during ozone season.

• Forecasts based on Air Quality Index (AQI) scale.

https://www.tceq.texas.gov/airquality/monops/forecast_today.html




What types of events routinely 
impact air quality in Texas?



High Ozone

July 27, 2018



Smoke from Wildfires
April 16, 2011

September 5, 2011



Smoke from Mexico & Central America
Late March through early June





Blowing Dust
Typically seen in El Paso and the Panhandle

11/28/2010 12:01 PM 11/28/2010 2:31 PM









African Dust
Travels across the Atlantic from June through August
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Dust Clouds Moving Over the 
Atlantic Ocean, July 2010 

This video shows the satellite view of  three dust clouds moving over the Atlantic 
Ocean from Africa to the Texas Gulf Coast. The boundaries of the dust clouds 
have been circled with red, orange and yellow in order to improve identification. 
As each of the dust clouds move into the Texas Gulf Coast region, the  
corresponding changes in the Air Quality Index (AQI) are illustrated by changing 
the colors of the circles  that represent measurements from the major 
metropolitan areas in Texas. Green is the lowest AQI level and signifies  that the 
air quality is considered satisfactory, and air pollution poses little or no risk. 
Yellow corresponds to “Moderate” and signifies that air quality is acceptable; 
however, for some pollutants there may be a moderate health concern for a very 
small number of people who are unusually sensitive to air pollution. Orange  
denotes  “Unhealthy for Sensitive Groups” and  signifies that sensitive groups may 
experience health effects but that the general public is not likely to be affected.  
As the dust clouds move into the Texas Gulf Coast region, the monitors increase in 
AQI level from green to yellow with the Beaumont Area briefly reaching the 
Unhealthy for Sensitive Groups /orange level. This  animation does not have any 
corresponding audio.



Houston webcam comparison: 
July 4 and July 13

July 4 July 13



Webcam View of Downtown 
Houston, July 12-14, 2010

This flash video illustrates what the 
increasing levels on particulate matter look 
like through a series of webcam images of 
downtown Houston for the African Dust  
Event that occurred on July 12 through July 
14, 2010. As the level of Particulate Matter 
began increasing on July 12, the view of 
downtown Houston becomes hazy. The view 
remains hazy until the African Dust begins to 
dissipate on July 14, 2010. This animation 
does not have any corresponding audio.



“Other”
Unique events



How do we develop each day’s 
forecast?

• “Past, Present, Future” approach
• Past

– Review previous day’s weather and air quality
– Ask important questions (what happened?, why 

did it happen? , where did it come from? , was it 
foreseeable?, etc.)

– Recognize trends



How do we develop each day’s 
forecast? cont’d

• Present
– What is happening right now?
– Does it make sense?
– Can it be explained?
– Is it supported by multiple products?

• Future
– What is going to happen?

• Use of previous event analyses (i.e., “Past”) and current conditions 
(i.e., “Present) give clues.

• No two days are the same, though many are similar.
– Keep it simple
– Avoid overcorrecting



Forecast Tools
• Past

– Air Quality Index Report (TCEQ)
– AirNow (EPA)
– AirNowTech Navigator (EPA)
– Hazard Mapping System Fire and Smoke 

Product (NOAA)
• Present

– Satellite Imagery (College of DuPage)
– Map of Current Ozone Levels (TCEQ)
– Map of Current PM2.5 Levels (TCEQ)
– Surface Weather Plot (UCAR)
– Radar (NOAA)
– Surface Analysis (NOAA)
– Upper Air (NOAA)

• Future
– Weather Models (e.g., GFS, NAM, etc.) 

(NOAA)
– Model Output Statistics (NOAA)
– Air Quality Model Forecast Guidance 

(NOAA/EPA)
– NAAPS Aerosol Model (Naval Research Lab)
– Saharan Dust Model (University of Athens)

https://www.tceq.texas.gov/cgi-bin/compliance/monops/aqi_rpt.pl
https://www.airnow.gov/
https://www.airnowtech.org/navigator/
https://www.ospo.noaa.gov/Products/land/hms.html
http://weather.cod.edu/satrad/exper/?parms=southcentral-02-24-1
https://www.tceq.texas.gov/cgi-bin/compliance/monops/select_curlev.pl
https://www.tceq.texas.gov/cgi-bin/compliance/monops/select_curlev.pl?user_param=88502
http://weather.rap.ucar.edu/surface/displaySfc.php?region=abi
http://rhwxweb/radar/site/regional.shtml?TX1
https://www.wpc.ncep.noaa.gov/html/sfc-zoom.php?type=wbg
https://www.spc.noaa.gov/exper/soundings/
http://wxweb.meteostar.com/models/
http://www.nws.noaa.gov/cgi-bin/mos/getall.pl?sta=KAMA&sta=KAUS&sta=KBRO&sta=KCRP&sta=KDFW&sta=KELP&sta=KIAH&sta=KHOU&sta=KLRD&sta=KGGG&sta=KLBB&sta=KMAF&sta=KBPT&sta=KSAT&sta=KTYR&sta=KVCT&sta=KACT
https://airquality.weather.gov/
https://www.nrlmry.navy.mil/aerosol_web/loop_html/globaer_noramer_loop.html
http://forecast.uoa.gr/LINKS/DUST/dust.php?field=dconc&lan=en


U. of Athens SKIRON Dust Model





Regression model
• Regression-type statistical air quality forecast model developed in-

house
– Early prototypes from 2011/2012
– Operational by mid-2015

• Three main inputs
– Air Monitoring Data

• Ozone: Max Daily 8-Hour, Background Estimate per Region
• PM2.5/PM10: Average PM per Region

– GFSX MOS forecasts 
• 00Z Temp, 00Z Dew Point, 12Z-00Z Max Wind Speed, 12Z-00Z Precipitation 

Probability
• “Delta Met” – today minus yesterday for Temp, Dew Point, Wind Speed

– Naval Research Laboratory NAAPS Aerosol Model data
• Satellite-derived AOD, plus surface concentrations of sulfates, dust, and smoke

• “Recalibrated” daily



Regression Model Example –
African Dust

07/16/2018 Austin region model forecast – w/ NAAPS aerosol component

07/16/2018 Austin region model forecast – w/o NAAPS aerosol component



Forecast Verification
• Strike balance between false alarms and misses.

– Verification can be limited by: 
• Monitoring network (e.g., “If a tree falls in the forest…”)
• Regulatory vs. Non-Regulatory monitors
• Verification approach (e.g., Highest monitor in area? Average concentration of area?)
• Ozone Action Days work?...!

• Verification statistics can include:
– Accuracy: Percent of forecasts that correctly predicted the event or non-event.
– Bias: Indicates if forecasts are underpredicted (false negatives) or 

overpredicted (false positives)
– False Alarm Rate (FAR): The percent of times a forecast event did not actually 

occur.
– Critical Success Index (CSI): Same as accuracy, but removes large number of 

correctly predicted non-events.
– Probability of Detection (POD): Ability to accurately predict event.



Forecast Verification Statistics 
Trends

Area Accuracy Bias FAR CSI CSI+ POD

2018 TCEQ OAD, w/ Non-Reg 94% 0.88 28% 50% 68% 63%

2018 TCEQ OAD, w/o Reg only 96% 1.10 37% 49% ? 69%

2018 NOAA Ozone Model 95% 0.38 26% 26% ? 28%

2016-2017 TCEQ OAD, w/o Non-Reg 98% 0.94 58% 25% ? 39%

Regression Model, w/ aerosol data ? ? ? ? ? ?

Regression Model, w/o aerosol data ? ? ? ? ? ?

2016-2018 TCEQ PM2.5 “Mod” Fx 83% 0.86 37% 41% ? 54%

Summer 2018 TCEQ PM2.5 “Mod” Fx 75% 0.95 25% 58% ? 72%



How are we improving?

• Erring toward “False Alarms” over “Misses”
• Greater emphasis on event analysis 

(concurrent and post-event)
• Learning about, evaluating, and implementing 

new satellite-derived aerosol products
• Incorporating upper air data



Thank you!

Contact info:
Weslee Copeland
TCEQ, Monitoring Division
(512) 239-1388
weslee.copeland@tceq.texas.gov
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