Chapter 2

Sources, Sinks and Global Cycling of Air
Pollutants
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Quiz

1. How can climate change affect ozone and PM
pollution in terms of local and nonlocal sources?

2. What socioeconomic and atmospheric (climatic)
factorsdetermine the transboundary transport of
air pollutants?

3. How to better design pollution control strategies in
light of transboundary pollution, in light of the
roles of transport and trade?



Key Chemical Species in the Troposphere

A Main pollutants: O,, PM, CO, N© SQ, NMVOC...

A Oxygen family: O,=Q,+0O (+ NQ

A Nitrogen family: NQ,= NO NG,

A Nitrogen family.  NQ,= NQ +NQ,=NQ + NQ +2N,0; +
HONO NG, + PANst+ X

A Ammonia speciesNH = NH + NH,

A Carbon species: CQ CH, NMVOC

A Sulfur species: SQ, SQ,SQs X

A Radicals: HQ, = OH #+0,; RQRQ, NO, Halogen

A GHGs: H,0, CQ, O, CH, N,O, CFCSHCFCs, HFCsSF

A PM species: SQ+NO+NH,,, POA+SOMC, sea saltslusts



Sources of Tropospheric Ozone

SOURCES OF TROPOSPHERIC OZONE
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Sources of PM

Sources Direct Radiative Indirect Radiative

Forcing Forcing
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Budget of Air Pollutants

AN ATMOSPHERIC CHEMIST’S VIEW

OF THE WORLD
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Characteristics of Emissions of Various Trace Spe

Species From Source in |Leakage Microbial
Combustion?| comb. from fuel

Incomplete
combustion
CO, BC, POt Incomplete
combustion
NMVOC Incomplete
combustion
NOx (mostly Hightemp.
as NO) combustion
NH, Little ?

SQ Mostly

Fuel

Fuel

Fuel

Fuel + air

Fuel +

addtive
Fuel

Abundant Abundant

Little to None Little to
none

Abundant Abundant

None Significant
None Mostly
None Little



Roles of CHand CO in Atmospheric Chemistry

Simplified CH,/OH/CO Chemistry

oxidizes to CO OH + CH, @
CO OH + CO




Global Methane Cycle

'Methane (CH,) Budget for 2019

Atmosphere
2005 +3127+17

Lifetime: ~10 years
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CH, Emissions from Oil, Gas and Coaling Mining

Method: Satellite XCH4 data + Bayesian inversion US and Russia under reported

J(x)F(x—x)"8y (x—xp)|+y

Priorinformation

Obsinformation

(y —Kx)'S;! (y —Kx)

‘LQ_
f‘; k
2
. ~ O]
Oil & gas e
[ o
mining E
£
O L
[
o
o ¥
a_
o
o
Coal g ™
.. ‘» 0 |
mining 27
S F
I
O o
o

their emissions by 30-50%

U The natural gas leakage rate is
>20% in 8 countries including

Venezuela and Iraq
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gCH,4 emissions (Tg a 1)
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Changes in CHEmissiondrom Wetland:
Shaped by Meteorology, CO2 and Sulfur Depositi

Natural wetland emissions
following the 1.8C climate mitigation pathway

Global anthropogenic S@missions
from 19062100

] Meteorological effects

1 S deposition effects

1 CO, effects

historical
ssp119
ssp126
ssp434

100

ssp460
ssp370
ssp585

Global SO, emissions (Tg SO, a ")
20 40 60 80

0

1900 1950

2000 2020 2040

2060

2080 2100

Shenet al., Science Advances, 2024

2000 2050 2100
Years

12



CH, Emissions fromAquaculture
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Rapid Growth of CiHn the Industrial Era
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Global CHGrowth
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Enhanced Growth of GHAssociated with COVID
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Source/sink strength (Tgfyr)

Global Budget of CO
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Anthropogenic Emissions ¢€O: 1952014

Anthropogenlc CO Em|SS|ons from CEDS (T/km2/y) in 1950
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Anthropogenic Emissions ¢tO: 1952019
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Anthro. Emission Trends of CO Iin China: 12920
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Biomass Burning Emissions of Carbon

Global fire atlas (2002016) Global fire emissions (199Z2014)
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Satellite Measurements o€O

,. . 2004/07-2005/06 ,

I : L.
0O 088 1.75 2.62 3.50 10®molec cm™
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CO total column
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Tropospheric CO Column: 20@017
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Trends of Tropospheric CO, Sources and Sinks: 2000
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Trends of Tropospheric CO and Emissions: 20007/
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Sources of NorMethane Volatile Organic Compounds

Human Sources ~100 TgClyr
Energy use and transfer 43 TgClyr
Biomass burning 45 TgClyr
Organic solvents 15 TgClyr

Natural Sources ~1170 TgClyr

Emissions from vegetation
e isoprene (CsHg) 200-600TgC/yr

Y monoterpenes 125 TgClyr
other VOC 520 TgClyr
Oceanic emissions 6-36 TgClyr

Brasseur et al., 1998YengHJ et al., SD, 2020
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WengHJ et al.,

BiogenicNMVOC Emissions: 1982017

(a) Jan. Total: 42.4 TgC/month

(b) Apr. Total: 45.0 TgC/month

SD, 2020
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AnthropogenicNMVOC Emissions: 1924014
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Anthro. Emission Trends of NMVOC in China: 1:29Q0

VOC Emissions (Tg)
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Tropospheric HCHO Columns from OMI: 20085

BIRA-IASB (v14)

BIRA-IASB (v14) / NASA h2co.aeronomy.be
h2co.aeronomy.be 2005 Level 1 NASA (collection 003) 2015
IMAGESV02.14 ap Profiles
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Tropospheric HCHGolumn from TROPOMI: 204820

2018 2019 2020

' - T2 —
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Global POMINGI ROPOMHCHOVCDs

TroposphericHCHOVCDs (April, July, October 2021, and January 2022)
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Lerotet al., AMT, 2021
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0.6 i
CrlS isoprene [10'® molec/cm?]

Wells et al., JIGR, 2022




Formation ofLate-GenerationAtmosphericCompounds
Inhibited by Rapid Deposition of Organics

Likely to oxidize

Deposition lifetime (h)
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Bi andlsaacmarvanWertz Nature Geoscience, 2025



