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Globalizing Air Pollution
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Lin et al., under review



Budget of Air Pollutants

4
aƻŘƛŦƛŜŘ ŦǊƻƳ 5ƻƴ ²ǳŜōōƭŜǎΩ [ŜŎǘǳǊŜ



Haze Is Approaching !
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Globalizing Air Pollution:  Atmospheric Transport
Simulated by GEOS-ChemChemical Transport Model

Yan et al., 2014 ACP; 2016 ACP
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üBoth local sources and transport of pollution are obvious
üThe extent of transport depends on emissions, chemistry, etc.
üChina is both a sourceand a receptorregion

Ozone in Mid-Trop. in Jan 2009
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Atmospheric Circulation
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Source: https://svs.gsfc.nasa.gov/4148



Local-Regional-Global Pollution Interconnection

8



Sources of Air Pollution

ÅLocal emissions and/or production

ÅRegional transport and transformation

ÅGlobal transport and transformation

ÅStratospheric origin, etc.

×Natural versus anthropogenic sources

üTransport and transformation of air pollutants 
along the pathway

üLifetime of pollutants is the key!
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Spatiotemporal Scale of Atmospheric Motion (Transport)
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Larger than Scale Name

20,000 km (weeks) Planetary scale

2,000 km   (1 week) Synoptic scale

200 km (1 day) Meso-Ŭ Mesoscale

20 km        (hours) Meso-ɓ Mesoscale

2 km          (mins) Meso-ɔ Mesoscale(convection)

200 m       (mins) Micro-Ŭ Boundary-layer turbulence

20 m         (secs) Micro-ɓ Surface-layer turbulence

2 m           (secs) Micro-ɔ Inertial subrange turbulence

2 mm       (secs) Micro-ŭ Fine-scale turbulence

Air molecules (< 1 sec)Molecular Viscous dissipation subrange



Characteristic Distance of Transport

üPrimary Pollutant:

D = U x ̱ = Wind Speed x Lifetime

üSecondary Pollutant:

D = U x ̱* , where   ̱ s < ̱ * < ̱ p + ̱ s
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*̱: Characteristic time

p̱:  Lifetime of primary pollutants in conversion to 
secondary pollutants

s̱:  Lifetime of secondary pollutants

e.g., Emission Ҧ ώSO2ϐ Ҧ ώSO4] Ҧ deposition
Recall: Emission of NO Ҧ [NO] Ҧ [NOx] Ҧ ώNOz] ? 



Characteristic Time Scales of Horizontal Transport
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Jacob, 1999

U ~ 10 m s-1

V ~    1 m s-1



Regional Transport and Transformation Affecting Beijing

13An  et al., ACP 2007



Regional Transport and Transformation Affecting Beijing
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Total  ςTransported
[Local + nonlinearity]

An  et al., ACP 2007



Regional Transport and Transformation Affecting Beijing
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Tianjin, PM2.5                                        Tianjin, Ozone

Hebei, PM2.5                                       Hebei, Ozone

An  et al., ACP 2007



Regional Transport and Transformation Affecting Beijing
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Atmospheric PM2.5 Transport Affects Beijing

17

Outside
(28-36%)

TransportationCoal

Fugitive
Dust

Industry

Other

{ƻǳǊŎŜǎ ƻŦ .ŜƛƧƛƴƎΩǎ ta2.5
( ֪ Ḧ Ї2014)

Е
ü Е26%-42%
üҲ Ѓ115-150 ˃ g/m3ЄЕ34%-50%
ü ЃЙ150 g˃/m3 ЄЕ55%-75%

Outside
(26-42%)

Transportation

Fugitive
Dust

Industry

Other

Living

{ƻǳǊŎŜǎ ƻŦ .ŜƛƧƛƴƎΩǎ ta2.5
( ֪ Ḧ Ї2018)



LƴŎǊŜŀǎƛƴƎ wƻƭŜ ƻŦ !ǘƳƻǎǇƘŜǊƛŎ ¢ǊŀƴǎǇƻǊǘ ǘƻ .ŜƛƧƛƴƎΩǎ ta2.5
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{ƻǳǊŎŜǎ ƻŦ .ŜƛƧƛƴƎΩǎ ta2.5 ( ֪ Ї2021)

V32 4% in 2014 ( )
V34 8% in 2018 ( )
V42 16% in 2021 ( )



Severe Regional PM Pollution Transport to Beijing
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Back-ǘǊŀƧŜŎǘƻǊȅ ŀƴŀƭȅǎƛǎ ƻŦ .WΩǎ ta ƻƴ нлмпκмлκмл



Severe Regional PM Pollution Transport to Beijing

20

https://www.sohu.com/a/820625924_204474

Transport-ŘǊƛǾŜƴ ƎǊƻǿǘƘ ƻŦ .WΩǎ ta ƻƴ нлнпκмлκнс

10ῴ24ῄ13Ὴ-26ῄ14Ὴιתᶟҽ Ꞌ
77%ιԎѧѠᴇ 35%ι ᴇ 18%ι
Ѡᴇ ᴉὯѮṀ



Key Roles of Local Production and Atmospheric Transport for 
Ozone Pollution over Central China
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Contributors:
V Local emis
V Cross-city
V Asian BG
V Global BG

Yan YY et al., 2021, AE

WH HSEZXG HG

AnthroNOx emis(g/m2)
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MDA8 ozone in May-June 2018



Two-way Transport of PM2.5 Between NCP and YRD
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Huang et al., 2020, Nature Geoscience

Before hour 0 After hour 0



Long-range Transport of Asian PM to the Tropics
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Atmospheric Brown Cloud ?



Pathways and Time of Trans-Pacific Transport
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Liang et al., 2004, JGR



Atmospheric O3 Transport from China to U.S.

Cooper et al., 2010, Nature
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Asian PM Transport Affects North America
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Yu et al., 2012, Science

ÁEast Asian PM pollution contributes 6% of N.A. DRE



East Asian Influence: Satellite Obs. and CTMs
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Carbon Monoxide

Zhang et al., 2008, ACP



Asian Influence: Back Trajectory Analysis 
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Ozone



Trans-Pacific Transport and Transformation
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Zhang et al., 2008, ACP

7-day back trajectory



Adjoint Modeling for Intercontinental Transport
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An adjoint model is the transpose of a forward model;  it is used for inversion studies

Ozone

Zhang et al., 2010, GRL



Springtime U.S. O3 Enhancement due to Transpacific Transport

31Zhang et al., 2008, ACP



U.S. JJA O3 Increase due to Transpacific Transport: 1990sς2050s
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Strong Inflow of Ozone into Eastern China

33Li et al., 2016, AR

Mid China

East China

North China


