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A Brief Overview of Ground-level Ozone Pollution
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Ozone (O3) in the atmosphere
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90% of the Earth’s Os is located in the stratosphere
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Why the stratosphere?

Relatively abundant O,
few sinks (hopefully)
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Stratospheric Os represents an important UV shield for

ife on Earth
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But what about O3 at the surface?



Tropospheric O3 Is an EPA criteria pollutant with known

iNks to respiratory and cardiovascular disease
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productivity

High Os levels can also damage plants and crop
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O3 pollution is typically a summertime problem with

clear regional differences

95th Percentile O3 levels (1998-2013)
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Where does tropospheric Oz come from,
and where does it go?




Tropospheric Os: global sources and sinks

sSources Sinks

@ Transport @ Chemistry @ Dry Deposition @ Chemistry

Jacob, 1999



Ozone (O3) participates in a catalytic cycle
involving O2 and NOx




Oxidized VOCs compete for NO, replenishing NO2 and
elevating Oz concentrations




A simple engine metaphor

NOyx = Engine VOCs = Clutch




Tropospheric Os: global sources and sinks

sSources Sinks

@ Transport @ Chemistry ©® Dry Deposition © Chemistry

Jacob, 1999



NO, (mg N m= hrhy

Modeled Oz mixing ratio (ppb) vs. VOC and NOx

emissions
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NOx = NO + NO»

Sources Dominant Sink:
Oxidation to HNOs

Lifetime is relatively short —
around one day

® Fossil Fuels ® Biomass Burning
® Soils Lightning
® NH3 Oxidation Aircraft
Jacob, 1999



NOx “reservoir species” can lead to

longer-range transport

PAN

Forms from reaction with VOC oxidation products and NO>
Lifetime can range from hours to months, depending on temperature

Effective transport mechanism for NOx in middle/upper troposphere




Non-methane VOCs

Sources Sinks

® Fossil Fuels @ Biomass Burning ® Deposition (Gas)
® \egetation @ Oceans ® Deposition (Particle)
@ Chemistry (CO2)

Safieddine et al., 2017



Typical urban Os/precursor diurnal cycle

Mixing ratio (ppbv)

400

Hydrocarbons

/ Aldehydes
O3

Time of day (hour)

20

Wallace and Hobbs, 2006



The role of atmospheric dynamics




Daily Os has a known positive correlation with
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Higher temperatures — more isoprene

_ 120
" cSun leaves o A
o 100 - eShade leaves R
£ 80 g .
g i 0o 0o O o
£ £ c0- ‘e °
m Q Q '. ®
e § 40- o « o o °
S = ° o8 ° 5
7} a
RN :
o
Ig 0 | T T T T T
/ o - . B
c -':250‘ .
Q .-
6 200+ . 98
8 - ‘8.0 P, °
z 5150- one G
® 100 - 2 e
(& o .
D 50 ’ g
¢ ° *
0 &
T | I

I | | I
15 20 256 30 35 40 45 50
Leaf Temperature, °C

Harley 1997




Higher temperature = more soil NOx
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Higher temperature — shorter PAN lifetime

Table 7. Temperature and corresponding
lifetime k™' of PAN

Temperature k!

("C) (h)

-15 660.7

- 10 247.7

-5 96.3

0 38.8

S 16.1

10 6.9

15 3.1

20 1.4
25 0.65

Wunderli & Gehrig, 1991



Stratospheric intrusions can pull Oz down to
surface, especially at higher elevations

(a) Observed [ppbv) (b) Model [ppbv) (c) Stratospheric [ppbv]
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Linetal., 2012



O3 lifetime Is sufficient for long-range transport

under certain conditions

OMI tropospheric NO, column 2005-2006 TES partial O5 column (3-9 km) 2005-2006
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8-hour Ozone Average Concentration (ppb)

Overall trend at most polluted regions has been

moving In the right direction

US EPA REGION 9 AIR QUALITY TRENDS, 1976-2012

8-HOUR OZONE (O;) DESIGN VALUE CONCENTRATIONS BY NONATTAINMENT AREA

300

——&— Chico (Butte County), CA
——o—— Tuscan Buttes, CA

——o— (Calaveras County, CA

——o—— [mperial County, CA

=—o—= San Luis Obispo (Eastern San Luis

250
Obispo), CA
——e— Kern County (Eastern Kern), CA
200

——eo—— Mariposa County, CA
——e—— Morongo Band of Mission Indians

——o—— San Francisco Bay Area, CA

150

100 -

——o—— Nevada County (Western part), CA
——&—— Phoenix-Mesa, AZ

——a—— Riverside County (Coachella Valley),

CA
—0-—= Sacramento Metro, CA

==o—— San Diego County, CA

Ventura County, CA

50

——o— Los Angeles-San Bernardino Counties
(West Mojave Desert), CA
San Joaquin Valley, CA

——o— Los Angeles-South Coast Air Basin, CA

O Q\% == e= NAAQS
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Future iImprovements will depend on comprehensive

and region-specific understanding of local drivers

NOy emissions

VOC emissions =% ‘

meteorology

reserv0|r speC|es

transport



