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Meteorology, Emissions, and Houston ozone exceedances 

I. Houston ozone history 
II. Houston conceptual model 
III. Trends in ambient NOX and VOC mixing ratios 
IV. Are emissions events important? 
V. Meteorologically adjusted ozone trends 



Data Source:  TCEQ, CARB 

1-hr Ozone Exceedances (Houston & LA)  

I. Houston ozone history 



Recent Houston Ozone Trend 

I. Houston ozone history Data Source:  TCEQ 



Trend in Peak 1-hr Ozone 

I. Houston ozone history Data Source:  TCEQ 



Trend in Peak 1-hr and 8-hr Ozone 

I. Houston ozone history Data Source:  TCEQ 



Seasonal 8-hr Ozone HGB (75 ppbv) 

I. Houston ozone history Data Source:  TCEQ 



Ozone and wind speed 

Haman et al. (2012) II. Houston conceptual model 

Houston Conceptual Ozone Model 



Houston Conceptual Ozone Model 

II. Houston conceptual model 

Spring 2009 as an illustration 



Post-Frontal conditions important 

II. Houston conceptual model 



Annual Average 1-hr NOX – Aldine 

Note: StdDev/10 

Data Source:  TCEQ III. Trends in ambient NOX and VOC data 



Annual Average 1-hr Ethylene – Clinton Dr. 

Note: StdDev/10 

Data Source:  TCEQ III. Trends in ambient NOX and VOC data 



Two types of Houston ozone events 

IV. Are emission events important? Figure Source:  W. Vizuete (UNC) 



Two types of Houston ozone events 

Figure Source:  W. Vizuete (UNC) IV. Are emission events important? 



NTOC events becoming less common 

IV. Are emission events important? Figure Source:  W. Vizuete (UNC) 



Observed vs met-adjusted 95th pCTL ozone 

Figure Source:  S-H. Chu (EPA) IV. Met adjusted ozone trends 

Baton Rouge, 
LA 

Annual 95th percentile ozone concentrations were adjusted to reflect the typical 
meteorology conditions observed in the past decade. 

 
Meteorological variables used in the adjustment modeling are: Tmax, RHmd, WSmd , 

DP925 mb , DT850mb- surf , DSTtransport  and DIR transport. 

Adapted from: Camalier et al. / Atmospheric Environment 41 (2007) 7127–7137. 



Observed vs met-adjusted 95th pCTL ozone 

Figure Source:  S-H. Chu (EPA) IV. Met adjusted ozone trends 

Dallas-Ft. Worth- 
Arlington 

Surface ozone concentration is a function of precursor emissions and 
meteorology.  Meteorologically adjusted ozone trend reflects precursor 
emission changes in the past. 

 
An analysis of changes can shed light on assessing whether they are a result of 

emission changes due to our control efforts, and/or unusual economic 
activities, or climate variations. 



Observed vs met-adjusted 95th pCTL ozone 

Figure Source:  S-H. Chu (EPA) IV. Met adjusted ozone trends 

Houston-
Galveston-Brazoria 



95th pCTL ozone and Stagnation Index (SH)  

Figure Source:  S-H. Chu (EPA) IV. Met adjusted ozone trends 

HGB Region 

SH = 60 * Tmax/(RHmd*WSmd ) 
where 60 is a normalizing constant 



Conclusions 
Year to year changes in number of ozone exceedances the result of 

meteorological variability. 
 
Long-term reductions in peak ozone and number of ozone events most 

likely the result of emissions reductions. 
 
Reductions in number of HRVOC emission events on “favorable” ozone 

days also beneficial (as shown by fewer NTOCs). 
 
Houston does not show large decrease in ozone resulting from recent 

economic recession. 
 
Decrease in number of ozone events persists despite increase in 

stagnation index (SH). 
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