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Today, we’ll begin with an overview of tropospheric ozone
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Fig Q1-2, WMO/UNEP 20 QAs Ozone
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Tropospheric Ozone Production

OH+CO—- CO,+H
H+0,+M— HO, + M
NO + HO, - NO,+ OH

NO,+hv—>NO+0O
0+0,+M—->0;+M

Net: CO +20,—> CO,+ O,

Oxidation of CO in the presence of NO, (NO & NO,)
leads to production of tropospheric O,
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Tropospheric Ozone Production

OH+CO—- CO,+H
H+0,+M—> HO,+ M
NO + HO, - NO,+ OH

NO,+hv—>NO+0O
0+0,+M—>0;,+M

Net: CO +20,—> CO,+ O,

NO & NO, : Emitted by fossil fuel combustion & biomass burning
N, +0, "9"T, 2 NO
CO: Emitted by fossil fuel combustion & biomass burning

Complete combustion:
2CgH,3 +250,->16 CO, + 18 H,0
Extreme, incomplete combustion:
2CgH,;3+170, ->16 CO + 18 H,O
OH & HO, , termed HOXx: produced by the reaction of O('D) with H,O
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Tropospheric Ozone Production

OH+CO—- CO,+H
H+0,+M— HO, + M
NO + HO, - NO,+ OH
NO,+hv —>NO+0
0+0,+M—->0;+M

Net: CO +20,—> CO,+ O,

Oxidation of CO in the presence of NO, (NO & NO,)
leads to production of tropospheric O,

Key chemical aspect
NO converted to NO, without consumption of O,
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Tropospheric Ozone Production

Suppose NO is converted to NO, by reaction with O;:

OH+ CO —» CO,+H
H+0O,+M— HO,+M
NO + O; > NO, + O,
NO, +hv - NO + 0O
O+0,+M ->0;,+M
Net: 29999999 _5 29999999
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Tropospheric Ozone Production

Suppose NO is converted to NO, by reaction with O,

OH+ CO— CO,+H
H+0,+M—> HO,+M

NO + O; =5 NO, + O,

NO,+hv —>NO+0
0+0,+M—>0O;,+M

Net: CO + O, + OH — CO, + HO,

No ozone production!
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Tropospheric Ozone Production

Suppose NO is converted to NO, by reaction with O, :

OH +CO— CO,+ H
H+0,+M—HO,+M

NO + O;—> NO, + 0O,

NO,+hv —>NO+0
O+0,+M—>0,+M

Net: CO + O, + OH —» CO, + HO,

Next key question: ?7?7?7?7?7?7??
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Tropospheric Ozone Production

Suppose NO is converted to NO, by reaction with O, :

OH +CO— CO,+ H
H+0,+M—HO,+M

NO + O;—> NO, + 0O,

NO,+hv —>NO+0
O+0,+M—>0,+M

Net: CO + O, + OH —» CO, + HO,

Next key question: how does HO, go back to OH ?
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Tropospheric Ozone Production

Suppose NO is converted to NO, by reaction with O;:

OH +CO— CO,+ H
H+0,+M—HO,+M

NO +0O; > NO, + 0O,

NO,+hv —>NO+0
O+0,+M—>0,+M

Net-CO+-0O>+-0O0H—->CO>-+-HO>—
HO,+0; - OH+20,
Net: CO+0O; - CO, +0,
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Tropospheric Ozone Production

Suppose NO is converted to NO, by reaction with O;:

OH +CO— CO,+ H
H+0,+M—HO,+M

NO +0O; > NO, + 0O,

NO,+hv —>NO+0
O+0,+M—>0,+M

Net-CO+-0O>+-0O0H—->CO>-+-HO>—
HO,+0; - OH+20,
Net: CO+0O; - CO, +0,

Have now consumed O, because it is used to convert NO to NO,
and HO,to OH!
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Tropospheric Ozone Production

OH+CO— CO,+H
H+O0,+M— HO,+M
HO, + NO - OH + NO,

NO,+hv—>NO+0O
0+0,+M—>0;+M

Net: CO +2 0, CO,+ O,

Chain Mechanism for production of ozone

Chemical Initiation: H,0+O('D) »> 20H & human emission of NO, CO

Since method for conversion of NO to NO, is crucial for whether O, is
produced by this chain mechanism, chemists consider production of
tropospheric ozone to be “limited” by k|HO,][NO]
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Tropospheric Ozone Production

CO+OH — CO,+H RH+OH — R+ H,0
H+0,+M — HO,+M R+0,+M —> RO, +M
HO, + NO — OH + NO, RO, +NO — RO +NO,
NO, +hv — NO +O RO +0, — HO, +R’CHO
0+0,+M >0, +M HO, + NO — OH + NO,

2x  NO,+hv —NO+O

Net: CO+20, = CO,+ O, 2%x O0+0,.+M>0,+M
2 3

Net: RH+40, — R'CHO +H,0+2 0,

VOC: Volatile Organic Compounds

Produced by trees, fossil fuel vapor, and non-controlled auto emissions
Strong source of HO, (OH & HO,) & O; (depending on NO, levels)

Examples of RH and R'CHO :CH, (methane) — CH,O (formaldehyde)
: C,Hg (ethane) — CH3;CHO (acetaledhyde)
: C5Hg (propane) — CH;COCH; (acetone)

Ozone Production “limited” by k[HO,]J[NO] + £ k; [RO,]; [NO]
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Stratospheric Photochemistry: Odd Oxygen Loss By Families
Fraction of O, Loss Due to Each Catalytic Family
JPL 2002 Kinetics
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Calculated fraction of odd oxygen loss due to various families of radicals

After Osterman et al., GRL, 24, 1107, 1997;

Sen et al., JGR, 103, 3571, 1998;
_ o Sen et al., JGR, 104, 26653, 1999.
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One Atmosphere — One Photochemistry

Stratosphere Troposphere
HO, formation: HO, formation: i
OH+0,; — HO,+0, OH +CO — HO, + CO,
HO, loss: HO, loss:
HO,+0; —> OH+20, HO, + NO — OH + NO,
Followed by:
0+0,+M —>0;+M

Rate HO, Formation = kg,;,03X[OH][O;] + koyy,cox[OH]I[CO]
Rate HO, LosS = ky0,,03X[HO,1[0;] + kyyoy.noX[HO,][NO]

Net: CO +20,— CO,+ O,

Rate HO, Formation = kg, 3%[OH][O;] + kopu,cox[OH][CO]
Rate HO, Loss = Ky 0,,03%[HO,]1[05] + Kyoz.noX[HO,][NO]

TrOpOpause Potenilal Vorticlty (PVU) Ozone (ppby)
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US Trends: NO,

National Aeronautics and Space Administration

Nitrogen Dioxide (NO) in 2005

Nitrogen Dioxide (molecules/cm?)
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US Trends: NO,

National Aeronautics and Space Administration

Nitrogen Dioxide (NO,) in 2015

Nitrogen Dioxide (molecules/cm?)

[T 2000
0 2.5e+15 5.0e+15
Moderate High
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Probability of Surface O, Exceedance: DC, MD, and Northern VA
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Top: Space-borne measurement of NO, in lower troposphere, 2019
Bottom: 15 year trend in NO,
Observations from the NASA OMI & European TropOMI instruments

Cooper et al., Nature, 2022
https://www.nature.com/articles/s41586-021-04229-0
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Effect of surface ozone on crop production is a major research topic

Google Scholar
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crop production ozone n

Surface ozone impacts on major crop production in China from 2010 to 2017
D Li, D Shindell, D Ding, X Lu, L Zhang... - ... Chemistry and Physics, 2022 - acp.copernicus.org

... to study the long-term trend of ozone-induced crop production losses from 2010 to 2017 in
China. We find that overall the ozone-induced crop production loss in China is significant and __.
Y7 Save YU Cite Cited by 26 Related articles All 11 versions Web of Science: 22 9%

Ozone pollution threatens the production of major staple crops in East Asia
Z Feng, Y Xu, K Kobayashi, L Dai, T Zhang... - Nature Food, 2022 - nature.com

... surface O 3 levels to crop production in East Asia, ... fo crop production because 60% of
China’'s wheat harvest comes from the provinces in the North China Plain 30 . A glance at crop ...

Y¢ Save 99 Cite Cited by 150 Related articles All 4 versions Web of Science: 117 $%

L] Reductions in crop yields across China from elevated ozone
Y Wang, O Wild, K Ashworth, X Chen, Q Wu, Y Qi... - Environmental ..., 2022 - Elsevier

... related to both elevated ozone during the growing season, and to crop production intensity.
... have high crop production loss. In conclusion, the total production loss for all crops is .

3¢ Save DY Cite Cited by 28 Related articles All 7 versions Web of Science: 23

Approaches to investigate crop responses to ozone pollution: from O3-FACE to
satellite-enabled modeling
CM Montes, HJ Demler, S Li, DG Martin__. - The Plant ___, 2022 - Wiley Online Library

... {c) The fraction of total harvested area in hectares (ha) comprising C 4 crop production in
each country, obtained from 2010-2019 average global crop production data from the Food ...

¢ Save DY Cite Cited by 40 Related articles All 11 versions Web of Science: 22 9%
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