
Chapter 2

Sources, Sinks and Global Cycling of Air 
Pollutants

1



Quiz

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

2. What socioeconomic and atmospheric (climatic) 
factors determine 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?
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Key Chemical Species in the Troposphere

ÅMain pollutants: O3, PM, CO, NO2, SO2, NMVOC...

ÅOxygen family: Ox = O3 + O (+ NO2)

ÅNitrogen family: NOx = NO + NO2

ÅNitrogen family: NOy = NOx + NOz= NOx + NO3 + 2N2O5 + 
HONO + HNO3 + PANs + Χ

ÅAmmonia species: NHx = NH3 + NH4

ÅCarbon species: CO, CH4, NMVOC

ÅSulfur species: SO2, SO4, SO3Σ Χ

ÅRadicals: HOx = OH + HO2;  RO, RO2, NO3, Halogen

ÅGHGs: H2O, CO2, O3, CH4, N2O, CFCs, HCFCs, HFCs, SF6

ÅPM species: SO4+NO3+NH4,, POA+SOA, BC, sea salts, dusts
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Sources of Tropospheric Ozone
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Sources of PM
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Budget of Air Pollutants
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Transport

Sources: emission, chem. 
production, etc.

Sinks: deposition, chem. 
destruction, etc.



Characteristics of Emissions of Various Trace Species
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Species From 
Combustion?

Source in 
comb.

Leakage 
from fuel

Microbial

CH4 Incomplete 
combustion

Fuel Abundant Abundant

CO, BC, POCIncomplete 
combustion

Fuel Little to None Little to 
none

NMVOC Incomplete 
combustion

Fuel Abundant Abundant

NOx (mostly
as NO)

High-temp.
combustion

Fuel + air None Significant

NH3 Little ? Fuel + 
additive

None Mostly

SO2 Mostly Fuel None Little



Roles of CH4 and CO in Atmospheric Chemistry
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HONO



Global Methane Cycle
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IPCC, 2021

‚ЕCH4

Lifetime: ~10 years

for 2019



CH4 Emissions from Oil, Gas and Coaling Mining
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Oil & gas 
mining

Coal 
mining

Shenet al., NatureCommunications, 2023

Obsinformation

Method: Satellite XCH4 data + Bayesian inversion

Priorinformation

ü US and Russia under reported 

their emissions by 30-50%

ü The natural gas leakage rate is 

>20% in 8 countries including 

Venezuela and Iraq 



Changes in CH4 Emissions from Wetland: 
Shaped by Meteorology, CO2 and Sulfur Deposition
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Global anthropogenic SO2 emissions 
from 1900-2100

Shen et al., Science Advances, 2024



CH4 Emissions from Aquaculture
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Shen et al., Nature Food, 2024



Rapid Growth of CH4 in the Industrial Era

14IPCC, 2007

Ice core & modern data



Global CH4 Growth
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Turner et al., 2019, PNAS

Fletcher et al., 2019, Science



Enhanced Growth of CH4 Associated with COVID
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Growth rate:
2020.1.1-2019.1.1: 9.9 0.6 ppb ώὶ
2021.1.1-2020.1.1: 15.1 0.4 ppb ώὶ

Peng et al., Nature, 2022



Global Budget of CO
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Logan et al., 1981 CO sources and sinks in 2009

Yan et al., 2014



Anthropogenic Emissions of CO: 1950-2014

18CEDS inventory



Anthropogenic Emissions of CO: 1950-2019
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CEDS v2 inventory



Anthro. Emission Trends of CO in China: 1990-2020 
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Source: MEIC data from Bo Zheng



Biomass Burning Emissions of Carbon
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Global fire atlas (2003-2016)

GFED4:  http:// www.globalfiredata.org

Global fire emissions (1997-2014)



Satellite Measurements of CO
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2004/05-2005/04 2004/05-2005/04

2004/05-2005/042004/07-2005/06

Kopaczet al., 2010, ACP



Tropospheric CO Column: 2000-2017

23Zheng et al., 2019, ESSD



Trends of Tropospheric CO, Sources and Sinks: 2000-2017

24Zheng et al., 2019, ESSD



Trends of Tropospheric CO and Emissions: 2000-2017

25Zheng et al., 2019, ESSD



Sources of Non-Methane Volatile Organic Compounds
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ԑ 200-600

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



Biogenic NMVOC Emissions: 1980ς2017
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WengHJ et al., SD, 2020



Anthropogenic NMVOC Emissions: 1950-2014
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Anthropogenic Emissions of NMVOC: 1950-2019
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CEDS v2 inventory



Anthro. Emission Trends of NMVOC in China: 1990-2020 
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Source: MEIC data from Bo Zheng



Tropospheric HCHO Columns from OMI: 2005-2015
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www.temis.nl



Tropospheric HCHO Column from TROPOMI: 2018-2020
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De Smedtet al., ACP, 2021
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Global POMINO-TROPOMI HCHO VCDs

Tropospheric HCHO VCDs (April, July, October 2021, and January 2022)

POMINO

RPRO v2.4.1 by KNMI

Zhang et al., AMT, 2025

RPRO minus POMINO



Tropospheric CHOCHO Columns: 2005-2020

34Lerotet al., AMT, 2021



Tropospheric Isoprene Columns from CrIS: 2012-2020
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Wells et al., JGR, 2022



Formation of Late-Generation Atmospheric Compounds 
Inhibited by Rapid Deposition of Organics
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Bi and Isaacman-VanWertz, Nature Geoscience, 2025


