Variations of Ozone Precursor Limitation 

The calculations of the limiting precursor were carried out for each monitoring site in the Sacramento, San Francisco, and San Joaquin air basins for each day from March 1 through October 31 of each year from 1994 through 2000.  A total of about 250,000 to 300,000 hours were analyzed for each air basin (7 years times 245 days per year times 12 hours per day times 12 to 15 sites per basin).  The results presented here summarize precursor limitation for site-hours of 80 to 120 ppbv and for site-hours exceeding 120 ppbv.  In the case of the San Franciso Bay area, most of the site-hours exceeding 120 ppbv occurred at a single site (Livermore).  For all basins, complete geographical summaries (discussed elsewhere) should be used to complement the following summaries.   

There is a difference in how frequently NOx or VOCs are the limiting ozone precursor, depending on the severity of the episode and the location.  Figure 1 shows the frequency of limiting precursors averaged over the period March-October 1994-2000, within several regions in central California.  For less severe episodes (ozone concentrations of 80-120 ppbv):

· the central and southern San Joaquin Valley and southern Sacramento Valley show VOCs as the limiting precursor for about 30 percent of the 80-120 ppbv hours; the 80-120 ppbv hours were transitional between VOC and NOx limitation for about 60 percent of the time; and NOx was the limiting precursor 8 to 18 percent of the time;

· the northern Sacramento Valley and northern San Joaquin Valley are slightly different, with VOCs being the limiting precursor for about 35 percent and just over 40 percent of the hours, respectively; NOx was limiting for about 5 to 8 percent of the hours (80 to 120 ppbv hours). 

· VOCs were the limiting precursor in the San Francisco Bay area about 65 percent of the hours; NOx was limiting about one percent of the hours (80 to 120 ppbv hours).

More severe ozone episodes (hourly ozone concentrations over 120 ppbv) show  different patterns of precursor frequency (Figure 1).  All regions show fewer hours with VOC as the limiting precursor during these more severe episodes:  

· in the San Francisco area, VOCs were limiting for about 10 percent of the hours over 120 ppbv;

· all other areas show VOCs  as limiting less than 5 percent of the over-120 ppbv hours;

· NOx was the limiting precursor in the central and southern San Joaquin Valley and southern Sacramento Valley about 40-55 percent of the hours over 120 ppbv;

· the northern San Joaquin Valley and the San Francisco Bay area show NOx as the limiting precursor for 15-25 percent of the hours over 120 ppbv.


Correlations of both ozone and extent of reaction with wind speed, wind direction and temperature were determined for Clovis (near Fresno, in the San Joaquin Valley) for data from 2000 (Figure 2).  The data show strong correlations among peak one-hour ozone concentration, extent of reaction, and temperature.  Both ozone concentration and extent of reaction showed a marked decrease as wind speed increased.  Also, all higher ozone concentrations (over 85 ppbv) occurred when the wind direction was between about 150 and 300 degrees.  Figure 3 shows similar correlations between pairs of variables, stratified by wind speed.


The Clovis data support the conclusion that the relation between ozone concentration and the extent of reaction is a meteorological effect: higher ozone concentrations and extent of reaction both occurred with higher temperatures and more stagnant conditions.  Under such conditions, ozone formation may proceed more rapidly, or over multiple days, leading to ozone concentrations that more closely approach their maximum potential levels for the given precursor emission rates.


Possible future analyses may consider:

· extending the meterological comparisons to other sites or years;

· examining PAMS VOC measurements for evidence of changes in VOC composition indicative of air mass ages.
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Figure 1.  Frequency of occurrence (percent of hours) of limiting ozone precursor in central California areas for hours with ozone concentrations of 80 to 120 ppbv (left panel) and hours exceeding 120 ppbv (right panel).  The data are from all monitors within each area for the months of March through October, 1994-2000.  The numbers of hours are indicated above each bar.  Total site-hours per region were about 250,000 to 300,000.
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Figure 2.  Ozone and extent of reaction compared to temperature, wind speed, and wind direction for Clovis, March-October, 2000.
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Figure 3.  Comparison of ozone to extent of reaction, wind direction, and temperature, and comparison of extent of reaction to temperature, stratified by windspeed.  The data are from Clovis, March-October, 2000.
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