Airborne and ground-based observations of the
weekend ozone effect and precursor emissions in the
California South Coast Air Basin
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Weekend ozone effect = more ozone on weekends compared to weekdays

Well-documented for South Coast Air Basin (SOCAB):
Blanchard (2003), Chinkin (2003), Fujita (2003), Marr (2002), Murphy (2007), Qin (2004), Yarwood (2003)

* WE NO, reductions considered to be dominant cause of higher WE O,

* Affects O4 in two ways:
1) Reduced loss by titration; leaves higher mixing ratios of O; on WE

O; + NO —- NO, + O,
2) Enhanced WE O production; due to relative increase in VOC/NO, ratio

OH + RH + O, —» RO, + H,O
RO, + NO — NO, + RO
NO, + hv+ O, - NO + O,

Qutline

Part 1: WD-to-WE differences in O3 and precursors (NO,, VOCs) in SoCAB
using 2010 CalNex and CARB data

Photochemical production contributes to observed WE O, levels

Part 2. Changes in ozone and precursors in SOCAB over time




Part 1: 2010 data sets and data selectlon
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CARB Network: 28 locations in SoCAB




Weekend ozone effect observed in airborne and ground-based measurements
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Large WD-to-WE differences in NO,
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Diesel-fueled vehicles tend to dominate NO, and BC emissions

*Similar modulation observed in airborne BC/CO and BC/CO, enhancement ratios
Attribute | WE NO, ratios to | WE activity of diesel vehicles (Harley et al., 2005)




Weekend NO, reductions drive observed changes — confirmed by no change in CO/CO,
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Consistent with observations by
Harley et al. (2005) which suggest
similar emissions on WDs and WEs
from gasoline-fueled vehicles
(main emitters of CO and CO,)




WD-to-WE ratio

Large WD-to-WE differences in NO, are consistently observed over time

Harley et al. reported
significant change
between 1990 & 2000

No apparent change
since 2000
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WD-to-WE ratios expected to decrease in the future
with implementation of diesel control strategies




Weekend NO, reductions lead to increased weekend VOC/NO, ratios

2000 500
Ethene/NO,| -~ . Benzene/CO
31500 - ‘ z 1007
a a
ja B ~—
% 1000 %
E ot C
i 500 44 &
0 | |
0 20 40 100 300 500
NO, (ppbv) CO (ppbv)
WD-to-WE ratio
ethene/NO, = 0.64 + 0.08
36% increase in weekend No significant WD-to-WE
VOC/NO, ratio difference in VOC/CO

Increased WE VOC/NO, ratio shifts chemistry
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NO, (ppbv)

Measurements provide evidence of O, production on weekends

1) Weekend enhancements in
indicate contribution from O5 production

2) Weekend decrease in NO,/NO, ratio shows enhanced
conversion of fresh emissions to mainly HNO; and PAN

Formation of HNO; indicates OH Formation of PAN indicates
removal and termination of the production of RO, radicals that
O, reaction chain propagate O, production
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Part 1 Summary: 2010 data

* Reduced NO, and BC enhancement ratios on weekends are consistent
with reduced diesel-fueled vehicle activity on weekends

» WD-to-WE differences in NO, and VOC/NO, ratios drive differences in O,

« Weekend enhancements in O, indicate contribution from photochemical
production to observed weekend O, levels

* Enhanced weekend formation of PAN compared to HNO, further show
increased photochemical production of O; on weekends

* Observations are consistent with enhanced photochemical aging of VOCs
on weekends [C. Warneke, A. Borbon (next), R. Bahreini (Thurs, pm)]
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Part 2: Changes in SOCAB over time
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Ozone and precursor concentrations have decreased over time




Change in emissions relative to CO, over past decade
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Part 2 Summary: Changes in SoOCAB over time

« CARB network data show distinct changes in O; and precursors in
SoCAB over time

* Consistent trend between NO,, CO, and benzene emissions ratios from
roadside and airborne measurements and abundances from CARB data

 Decrease in O; over time are correlated with a decrease in VOC/NO,
ratio and decreases in VOC and NO, abundances over time



Extra slides



BC (ng/kg)

Large weekend effect in BC enhancement ratios

Aircraft data: 2-sec average
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NO, and BC emissions dominated by diesel-fueled vehicles

Weekend effect in BC ratios support weekend decreases in
NO, ratios being from reduced diesel-fueled vehicle activity




Weekend NO, reductions drive observed changes — confirmed by no change in CO/CO,
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Weekend NO, reductions lead to increased weekend VOC/NO, ratios
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Altitude AGL (m)

O, (=O5+NO,) acts as indicator for O titration/production
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WD-to-WE differences in ozone couple to differences in precursors

P-3 aircraft data shown; similar observations using ground site data
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WD-to-WE differences in titration and photoproduction: NO,/NO, ratio
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Data separated by NO,/NO,, ratio:
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