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Introduction 

• Measured background ozone trend on 
US west coast is upward; linked to 
increasing Asian emissions (Jacob et al. 1999; 
Jaffe et al. 1999, 2003; Cooper et al. 2010, 2012; Parrish et al. 
2009; Reidmiller 2009; Brown-Steiner and Hess 2011; Lin et al. 
2012; Zhang et al. 2008, 2011; Widger et al. 2013; Pfister et al. 
2013) 

 

• Questions:   
– What is the regional background ozone 

trend in HGB?   
– What factors affect background ozone in 

the eastern half of Texas? 
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Outline 

• Two methods for estimating background 
ozone in HGB, Principal Component 
Analysis and upwind-downwind:  Berlin, S., 
A. Langford, M. Estes, M. Dong, and D. Parrish (2013) 

 

• Seasonal variations in background 
ozone 

 

• Transport effects upon background 
ozone  

 

• Trends in regional background ozone 
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Definition of regional 
background ozone 

• For these analyses, regional background 
ozone is the ozone transported into the 
area such that local emissions have little 
influence upon the ozone concentrations. 
 

• Generally not equivalent to “natural 
background” or “policy-relevant 
background.” 
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Method details:  Background ozone 
estimation at upwind sites 

• Select sites in the HGB area that are capable of 
measuring background ozone, given the proper 
conditions. These sites are not located near large 
emission sources. 

  

• Calculate maximum daily average 8-hour (MDA8) 
ozone concentration for each site. 
 

• Select the lowest MDA8 ozone concentration from 
the subset of background sites. 
 

• Ozone season defined as April 1 – Oct 31.  
 

• Number of sites selected varied from 6 to 19, 
greatly increasing after 2002. 
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Sites outside the red boundary are able to measure background ozone 
reliably; sites inside often do not, due to influence from local sources. 

Presenter
Presentation Notes
Map of sites used to estimate background ozone.
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Method details:  Some limitations 

• The HGB area is fairly extensive 
geographically, and background can vary 
among monitor locations.  This method only 
identifies the lowest background value. 

 

– Days when the sea breeze did not push completely 
through the area are especially prone to differing 
background levels in north vs. south HGB. 

  

– Some outlier observations were manually removed.    
 

Presenter
Presentation Notes
On days where the sea breeze only penetrated part-way through the area, the background in the northern monitors will reflect continental background, while those in the southern part will reflect marine background.
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Median background ozone:  30 ppbv 
Mean:  32.3 ppbv 
95th percentile:  58 ppbv 
Clearly, there are systematic variations in background ozone during 
the ozone season. 

HGB Ozone Season Background 

Presenter
Presentation Notes
Background MDA8 ozone concentrations are estimated using observations from monitors shown on the previous slide.
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HGB Ozone Season Background 

Presenter
Presentation Notes
Fourteen ozone seasons overplotted by day of the year.



Air Quality Division • HGB background ozone  •  MJE/JHS  •  April 23, 2014  •   Page 10 

HGB Ozone Season Background 

Presenter
Presentation Notes
Smoothed background values for each year along with smoothed mean (across years) MDA8 ozone concentrations. Applied a Kolmogorov-Zurbenko (KZ) filter with parameters (30,3), using R language.Background reaches a minimum in mid-July.
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HGB Ozone Season Background 

Presenter
Presentation Notes
Smoothed peak MDA8 ozone concentrations together with smoothed background values.  Daily peak is highest MDA8 ozone concentration across 8-county area.Area-wide peak ozone dips a couple of weeks earlier, reaches a maximum around mid-September
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HGB Ozone Season Background 

Presenter
Presentation Notes
Locally-generated ozone is estimated by the difference between peak and background MDA8 values.  Because the background value represents the lowest background across the area, local ozone production will be over-estimated in some cases.Local production peaks in mid-August.  
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Presenter
Presentation Notes
The relationship between background and peak ozone in HGB may help identify days with unusually high local ozone formation.  Peak and background ozone are correlated, though correlation does not necessarily imply causation.  Conditions suitable for high background are also suitable for high local production (i.e., clear skies, light winds, high temperatures). However, all other factors being equal, background ozone levels will certainly influence peak ozone concentrations.Background ozone explains about 60% of variability in peak MDA8 ozone concentration, probably due to meteorological influences that affect both background and local ozone similarly.  Peak MDA8 ozone increases about 16% faster than background.
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HGB Peak MDA8 Ozone Trends  
April-October 2000-2013 
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Presenter
Presentation Notes
95th percentile ozone season MDA8 ozone concentrations in the HGB area have decreased at the rate of 2.3 ppb/year over the last 14 years!Median concentration decreased by .71 ppb/year over the same period.No statistically significant trend for 5th percentile concentration.
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HGB Background MDA8 Ozone Trends  
April-October 2000-2013 

Presenter
Presentation Notes
95th percentile background ozone season MDA8 ozone concentrations in the HGB area have decreased at the rate of .66 ppb/year over the last 14 years. No statistically significant trend for median background concentration.5th percentile background concentration increased by .21 ppb/year over the same period.



Air Quality Division • HGB background ozone  •  MJE/JHS  •  April 23, 2014  •   Page 16 

0

20

40

60

80

100

120

P95
Median
P05

Slope R2 p 
-1.170 0.827 <0.0001 
-0.569 0.533 0.0030 
0.045 0.028 0.5657 

HGB Locally-Generated MDA8 Ozone Trends  
April-October 2000-2013 

Presenter
Presentation Notes
95th percentile locally-generated ozone season MDA8 ozone concentrations in the HGB area have decreased at the rate of 1.17 ppb/year over the last 14 years. Median locally-generated ozone concentration decreased by .57 ppb/year over the same period.No statistically significant trend for 5th percentile locally-generated concentration.
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Galveston, Texas 

Presenter
Presentation Notes
Galveston is an ideal site to estimate background ozone from the Gulf of Mexico.



Air Quality Division • HGB background ozone  •  MJE/JHS  •  April 23, 2014  •   Page 18 

Galveston, Texas 

Galveston  

Presenter
Presentation Notes
Galveston is an ideal site to estimate background ozone from the Gulf of Mexico.
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Observed and Modeled Galveston Ozone 
Concentrations, June 2006 

Sustained southerly winds 

Very low observed 
ozone  concentrations 

Presenter
Presentation Notes
Modeled ozone concentrations at Galveston are frequently too high, especially when winds are from the South.  Sustained southerly winds are associated with very low observed ozone concentrations which are not replicated by the model.
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Highest 
concentrations 
linked to 
continental flow 

Intermediate 
concentrations 
linked to coastal 
flow 

Lowest 
concentrations 
linked to Gulf of 
Mexico flow 

Presenter
Presentation Notes
Trajectories for every day, May-Sept 2007-2011 (odd hours 1-23).  The 36 km CONUS grid was overlaid on trajectory map, and the observed ozone concentration at Galveston was associated with each trajectory passing through a grid cell (minimum of 30 trajectories per grid cell).  The median  concentration is calculated for all grid cells containing 30+ trajectory points.  Warmer colors indicate higher concentrations; cooler colors indicate lower concentrations.Note that warm colors in a grid cell do not necessarily indicate that it contains emission sources, only that when trajectories passed through that grid cell the ozone concentration at Galveston tended to be high.  
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Seven clusters of 
3-D Galveston 
back trajectories 
produced by SAS 
FASCLUS 
procedure.  

Presenter
Presentation Notes
The FASCLUS procedure did a nice job of separating different flow regimes into discernable groups.  Clustering was based solely on trajectories (including altitude) and did not factor in ozone concentrations.This slide presents a 2-dimensional view of the trajectories from above.
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Seven clusters of 
3-D Galveston 
back trajectories 
produced by SAS 
FASCLUS 
procedure.  

Presenter
Presentation Notes
This slide shows the median altitudes of the clusters by coloring the highest elevations a darker shade of blue.
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Seven clusters of 
3-D Galveston 
back trajectories 
produced by SAS 
FASCLUS 
procedure.  

Cluster 1 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 2 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 3 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 7 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 6 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 5 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 4 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Presenter
Presentation Notes
Clustering was based solely on trajectories (including altitude) and did not factor in ozone concentrations.Note in particular Cluster 1 which represents very clean maritime air and Cluster 4 which represents continental flow with correspondingly higher concentrations.  The other clusters include both maritime trajectories and those near or over land.  The difference in ozone concentrations is obvious.
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Median observed 
ozone concentrations 
at Galveston 
associated with 
clusters. 

Cluster 1 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 2 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 4 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Presenter
Presentation Notes
Cluster 1 shows the cleanest air with a large proportion of concentrations less than 15 ppb, but Cluster 7 has the highest relative percentage of ozone < 15 ppb.  All clusters except cluster 6 have modal concentrations in the 15-25 ppb range, but have varying proportions of higher concentrations related to the number of land-influenced trajectories.  Clusters 2 and 5 which originate in the Eastern Gulf and Western Caribbean both have low percentages of ozone < 15 ppb.
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Median observed 
ozone concentrations 
at Galveston 
associated with 
clusters. 

Cluster 7 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 6 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 5 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Cluster 4 Median Terminal 
Ozone Concentrations 

Min 15 Values per Cell 

Presenter
Presentation Notes
The monthly distribution of Cluster 1 peaks in July, while that of Cluster 4 reaches its minimum then.  July records relatively few high ozone concentrations, due to persistent southerly flow bring in clean Gulf air and flushing out local emissions.  Continental flow in May and September often brings high ozone to Galveston, but much of that is from industrial areas in and around Houston to the north.  Stagnant events (Cluster 3) peak in August and are often associated with flow reversals.  Mid-August to Mid-September traditionally is the peak of the Houston ozone season.
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How about Dallas-Fort Worth? 
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How about Dallas-Fort Worth? 

Greenville  

Presenter
Presentation Notes
Greenville is northeast of Dallas and is a good background site for the DFW area except for relatively rare periods of WSW winds.
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Presenter
Presentation Notes
Back trajectory analysis shows high ozone arriving from the SW, which is primarily due to the DFW area.  Even though there is a long red tail passing through the Waco-Austin-San Antonio-Corpus Christi corridor, the technique used to create the map cannot distinguish any contributions from those areas from those of the much more proximate DFW Metroplex.  Despite passing over the industrial areas along the Texas and Louisiana coast, median ozone concentrations from these trajectories are low (< 30 ppb).
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Presenter
Presentation Notes
This graph shows Maximum Daily Average 8-Hour (MDA8) ozone concentrations instead of hourly.  In this case, every trajectory within a 24-hour day was assigned that day’s MDA8 value.  This graphic again shows higher ozone from the direction of DFW and relatively low concentrations from the SE, and also points out slightly higher ozone transported from E and NE.
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Conclusions 

• Regional background ozone concentration trends 
are flat or decreasing in HGB.  The increase observed 
on the US west coast due to Asian emissions is not 
apparent in Houston.  

  

• In Houston, background ozone varies strongly with 
transport pattern.  In Houston, background ozone 
trends vary with transport direction, with flow from the 
Gulf of Mexico having zero trend, and flow from 
continental US having a downward trend (Berlin et al. 
2013). 
 

• Peak daily 8-hour ozone concentrations in Houston is 
positively correlated with regional background ozone. 
 

• In Houston, background and local ozone vary with 
season; highest total ozone tends to occur when both 
peak.   
 

• Analyses imply that much of the seasonal ozone 
variation is contributed by large-scale spatial and 
temporal patterns. 
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Future needs 

• This analysis focuses upon averages, not case 
studies or exceptional events. Studies of days 
with high regional background ozone and/or 
high local ozone production would be useful. 
 

• Quantifying sources of regional background 
ozone:  within Texas, within US, outside US, 
natural and anthropogenic.  Quantifying the 
effects of changes in precursor emissions.  
Quantifying the effects of different 
meteorological patterns. 
 

• Improved modeling of regional background 
ozone, both over ocean and over land—in 
general, models are overpredicting background 
ozone. 
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Contact information 

• Mark.Estes@tceq.texas.gov 
– (512) 239-6049 

• Jim.Smith@tceq.texas.gov 
– (512) 239-1941 

 

mailto:Mark.Estes@tceq.texas.gov
mailto:Jim.Smith@tceq.texas.gov


Air Quality Division • HGB background ozone  •  MJE/JHS  •  April 23, 2014  •   Page 33 

Background Ozone References 

• Berlin, S., A. Langford, M. Estes, M. Dong, and D. Parrish (2013), Magnitude, decadal 
changes and impact of regional background ozone transported into the greater 
Houston, Texas area, Environ. Sci. Technol., 2013, 47 (24), pp 13985–13992, DOI: 
10.1021/es4037644  

• Brown-Steiner, B., and P. Hess (2011), Asian influence on surface ozone in the United 
States: A comparison of chemistry, seasonality, and transport mechanisms, J. 
Geophys. Res., 116, D17309, doi:10.1029/2011JD015846.  

• Cooper, O. R., R.-S. Gao, D. Tarasick, T. Leblanc, and C. Sweeney (2012), Long-term 
ozone trends at rural ozone monitoring sites across the United States, 1990–2010, J. 
Geophys. Res., 117, D22307, doi:10.1029/2012JD018261.  

• Cooper, O.R. et al. (2010), Increasing springtime ozone mixing ratios in the free 
troposphere over western North America, Nature, 463, doi:10.1038/nature08708.  

• Jacob et al. (1999).  Effect of rising Asian emissions on surface ozone in the United 
States.  Geophys. Res. Lett., 26(14): 2175-2178.    

• Jaffe et al. (1999).  Transport of Asian air pollution to North America.  Geophys. Res. 
Lett. 26(6):  711-714.    

• Jaffe et al. (2003).  Increasing background ozone in the spring on the west coast of 
North America.  Geophys. Res. Lett. 30 (12): 1613, doi:10.1029/2003GL017024.  

• Lin, M., et al. (2012), Transport of Asian ozone pollution into surface air over the 
western United States in spring, J. Geophys. Res., 117, D00V07, 
doi:10.1029/2011JD016961.  

• Parrish, D. D., et al. (2012), Long-term changes in lower tropospheric baselineozone 
concentrations at northern mid-latitudes, Atmos. Chem. Phys. Discuss., 12, 13,881–
13,931, doi:10.5194/acpd-12-13881-2012. 



Air Quality Division • HGB background ozone  •  MJE/JHS  •  April 23, 2014  •   Page 34 

Background Ozone References 

• Parrish, D. D., et al. (2012), Long-term changes in lower tropospheric baselineozone 
concentrations at northern mid-latitudes, Atmos. Chem. Phys. Discuss., 12, 13,881–
13,931, doi:10.5194/acpd-12-13881-2012.  

• Parrish, D.D., D. B. Millet, and A.H. Goldstein (2009), Increasing ozone in marine 
boundary layer inflow at the west coasts of North America and Europe, Atmos. Chem. 
Phys., 9:  1303-1323.    

• Pfister, G. G., et al. (2011), Characterizing summertime chemical boundaryconditions 
for airmasses entering the US West Coast, Atmos. Chem. Phys., 11, 1769–1790, 
doi:10.5194/acp-11-1769-2011.  

• Reidmiller et al. (2009),  The influence of foreign vs. North American emissions on 
surface ozone in the US.  Atmos. Chem. Phys. 9, 5027-5042.   

• Wigder, N. L., D. A. Jaffe, F. L. Herron-Thorpe, and J. K. Vaughan (2013), Influence of 
daily variations in baseline ozone on urban air quality in the United States Pacific 
Northwest, J. Geophys. Res. Atmos., 118, doi:10.1029/2012JD018738.  

• Zhang et al. (2008), Transpacific transport of ozone pollution and the effect of recent 
Asian emission increases on air quality in North America:  an integrated analysis using 
satellite, aircraft, ozonesonde, and surface observations, Atmos. Chem. Phys.,  
8:6117-6136, 2008.   

• Zhang, L., J. D. Jacob, N.V. Downey, D. A. Wood,D. Blewitt, C. C. Carouge, A. van 
Donkelaar, D. B. A. Jones, L. T. Murray, and Y. Wang (2011), Improved estimate of 
the policy-relevant background ozone in the United States using the GEOS-Chem 
global model with 1/2 degrees  2/3 degrees horizontal resolution over North America, 
Atmos. Environ., 45, 6769–6776, doi:10.1016/j.atmosenv.2011.07.054. 
 


	Quantifying Regional Background Ozone for the Houston-Galveston-Brazoria (HGB) Nonattainment Area
	Introduction
	Outline
	Definition of regional background ozone
	Method details:  Background ozone estimation at upwind sites
	Slide Number 6
	Method details:  Some limitations
	Slide Number 8
	HGB Ozone Season Background
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Galveston, Texas
	Galveston, Texas
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	How about Dallas-Fort Worth?
	How about Dallas-Fort Worth?
	Slide Number 28
	Slide Number 29
	Conclusions
	Future needs
	Contact information
	Background Ozone References
	Background Ozone References

