CHAPTER 6

REGIONAL AND GLOBAL TRANSPORT
OF AIR POLLUTANTS
AIR POLLUTION CONTROL
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Globalizing Air Pollution
via Atmospheric Transport, Economic Trade and Their Synergy

4 Transport ~

Lin JT et al., PNAS 2014; Lin JT et al., Nature Geoscience 2016

Zhang Q et al., Nature 2017; Lin JT et al., Nature Comm. 2019

Wang JX et al., Science Bulletin, 2019; Lin JT et al., Nature Geoscience, 2022
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http://iconbazaar.com/bars/contributed/pg04.html
http://www-as.harvard.edu/chemistry/trop/news.html
http://iconbazaar.com/bars/contributed/pg04.html
http://www-as.harvard.edu/chemistry/trop/news.html

Globalizing Air Pollution
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Budget of Air Pollutants

AN ATMOSPHERIC CHEMIST’S VIEW

OF THE WORLD
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Haze |Is Approaching !




Globalizing Air Pollution: Atmospheric Transport
Simulated by GEOGhemChemical Transport Model

Ozone in MidTrop. in Jan 2009
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U Both local sources and transport of pollution are obvious
U The extent of transport depends on emissions, chemistry, etc.
U China is both aourceand areceptorregion

Yan et al., 2014 ACP; 2016 ACP



Atmospheric Circulation

May 04, 2010

Sourcehttps://svs.gsfc.nasa.gov/4148




LocatRegionalGlobal Pollution Interconnection
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Sources of Air Pollution

A Local emissions and/or production

A Regional transport and transformation
A Global transport and transformation

A Stratospheric origin, etc.

x Natural versus anthropogenic sources

U Transport and transformation of air pollutants
along the pathway

U Lifetime of pollutants is the key!




SpatiotemporalScale of Atmospheric Motion (Transport
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Characteristic Distance of Transport

U Primary Pollutant:
D = U x =Wind Speed x Lifetime

U Secondary Pollutant:

— * *
D=Ux", where _<_ <_|D+_S

_*. Characteristic time

_p- Lifetime of primary pollutants in conversion to
secondary pollutants

_o Lifetimeof secondary pollutants

e.g., Emissiofih S@6 B§)] thdeposition
Recall: Emission of N[H[NO]IH[NQ,] 'y N©| ?
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CharacteristicTime Scales of Horizontal Transpor
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Regional Transport and Transformation Affecting Beijin

PM10flux z=180m 710Z05APR2005

ug,/m?

An etal., ACP 2007 13



Regional Transport and Transformation Affecting Beijin
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Regional Transport and Transformation Affecting Beijin
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Regional Transport and Transformation Affecting Beijin
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Atmospheric PM ; Transport Affects Beijing
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Severe Regional PM Pollution Transport to Beljin
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Severe Regional PM Pollution Transport to Beljin
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Key Roles of Local Production and Atmospheric Transpor

Contribution percentage (%)

Ozone Pollution over Central China
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Two-way Transport of PM. Between NCP and YRI
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Longrange Transport of Asian PM to thEopics

a b

The first airborne experiments in this region
show pollution “clouds” of vast extent, reaching
100s to 1000s of km over the Indian Ocean, an
area only accessible by long-range aircraft!

March 21, 1999: Arabian Sea; Thick haze (9.2°N, 73.5°E) ¢ March 25, 1999: Clouds under thick haze (3.0°N, 74.5°E) d

Atmospheric Brown Cloud ?

February 24, 1999: Just North of ITCZ; March 24, 1999: South of ITCZ:
Haze extends up to top of Cu (0.5°N, 73.3°E) Almost pristine clouds (7.5°S, 73.5°E)

Photo credit: Center for Clouds, Chemistry and Climate; Scripps Institution of Oceanography; University of California, San Diego 23
Image available at: http://sio.ucsd.edu/supp_groups/siocomm/pressreleases/Indoexagu.htm|




Pathways and Time ofransPacificTransport

Free Troposphere
E1

Liang et al., 2004, JGR

P=

I

T E3
Boundary layer—=>

Asia

Table 1. 11-Year Average Inter-Continental Transport Times for

Two Sets of Tracers in April (Unit: Weeks)

Tracer Lifetime EA-=CPO EU-=Beijing NA-=Paris
1-2 weeks 2.5 2.0 2.0
4-8 weeks 5.1 4.1 4.5
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Atmospheric Q Transport from China to U.S.

Czana (p.p.baw)

R

-
Wy . & 7l ml ¥ Fﬂ
b A / VI
VT 7 s
T

Cooper et al., 2010, Nature

S

300 600 200
Residence time (s kg=! m3)

1 ,200.

a ! j j j j ! j j j j ! j j Percentile | 19952008 increase | P
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95th 0.58 = 0.71 0.11
B7th 0.62 + 0.39 0.00
50th 0.63 =+ 0.34 0.00
33rd 0.84 + 0.35 0.00
&th 0.458 + 0.53 0.07
Pearcentile [ 19842008 increase P
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Q5th 0.70 + 0.45 0.0
67th 0.67 + 0.25 0.00
50th 0.70 + 0.22 0.00
10 1 23 0.80 + 0.24 0.00
. . . . . . . . . . . . . Sith 0.40 + 0.34 0.01
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Asian PM Transport Affects North America
Yu et al., 2012, Science

AEast Asian PNbollution contributes 6% of N.A. DRE
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East Asian Influence: Satellite Obs. aGd Ms
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Asian Influence: Back Trajectory Analysis
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TransPacific Transport and Transformation
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Adjoint Modeling for IntercontinentalTransport
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SpringtimeU.S. Q Enhancement due to Transpacific Transport

Total Asian ozone enhancement Produced in Asian LT
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U.S JJA QIncreasedue to Transpacifidransport: 199062050s
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Strong Inflow of Ozone into Eastern China

Li et al., 2016, AR 33



