Aerosol-PBL interaction: an important
process for haze pollution mitigation
in both megacity and regional scales
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 Aerosol-PBL interaction in megacities

v Thick haze covered East China in Dec. 2013
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v" Growing PMy5 concentrations

v' Rapidly declining PBL height

Ding & Huang et al. 2016@GRL

 Aerosol-PBL interaction in megacities

®  Model setup and validation )

* EXP_WOoF:

without aerosol feedback

« EXP_WF:

with all aerosol feedback

* EXP_WFexBC:

with aerosol’s feedback except BC
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» Aerosol-PBL interaction in megacities

obs .vs. sim in Zhengzhou
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v BC induces heating in the upper PBL, and the
decreased surface heat flux substantially depresses
the development of PBL.
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1-D sensitivity simulation suggests that BC, especially
those in the upper air, plays a dominant role.
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» Aerosol-PBL interaction in megacities

urban pollution
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 Aerosol-PBL interaction in regional scale
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v Intensive agricultural fire in early June in East China J

June 10, 2012
Nanjing, China

Aerosol pollution

v' Heavy haze pollution with inaccurate weather forecasting J

Decreased temperature

Agricultural fire .vs. anthropogenic emissions
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Modified precipitation

Huang et al. 2012@ERL;Ding et al.2012@ACP

 Aerosol-PBL interaction in regional scale
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 Aerosol-PBL interaction in regional scale
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v' Dust stabilizes daytime PBL whereas it poses an
2 opposite effect at night.

v' Enhanced nighttime convection promoted the long-
range transport of dust.

Liu, Huang*& Ding*2016@AE

 Aerosol-PBL interaction in regional scale

Multiple emission sources in China

« Cold fronts and warm conveyor
belts—long-range transport

.

Multilayer pollution

« Possible significant feedback on
MLT meteorology

Zhou et al. 2018@ACP
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+ Observational evidence of aerosol-PBL interaction

500+ pg/m?

(s

T ol
g wmy H
° o
5 5
H H
o %0 o
& &

1000
4 64202 46 81012 12-10 8 €
A Temperature (C)

* OMR temperature difference = Topseration ~ Treanalysis

mehvn  mes

BJDec22

642024681012
Air Temperature (C)

J Huang et al. 2018@GRL

» Observational evidence of aerosol-PBL interaction
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» Observational evidence of aerosol-PBL interaction

Spatial pattern of pollution and temperature bias
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* Key factors influencing aerosol-PBL interaction

Hoating rato by unit BC (K h) pg/m’)
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« Sounding observations in Beijing

Sensitivity simulations «  in-situ observation of aerosol

« 1-D online coupled WRF-Chem simulation
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* Key factors influencing aerosol-PBL interaction
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v" Aerosol-boundary layer interaction is extremely sensitive to aerosol vertical profile

v' Emission control of BC emission from coal-fired power plants and industrial boilers it is an efficient way
to mitigate near-surface air pollution

Wang, Huang, Ding, 2018@ACP

+ Key factors influencing aerosol-PBL interaction
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* Implications on air quality modeling

v~ Optimized vertical resolution
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* Implications on air quality modeling

Temperature stratification Near-surface air pollution
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 Implications on air pollution mitigation  Implications on air pollution mitigation
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Dome effect of BC enhances haze pollution in China

» BC reduction is more efficient in haze mitigation,
and cobenefits air pollution and climate change
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« emission control of elevated point sources could be
a cost-effective way to reduce regional air pollution

Ding & Huang et al. 2016@GRL

Ding & Huang et al. 2016@GRL

*  Summary

P
* Photo-oxidation of NOx & VOC
* Aqueous oxidation of S(IV)

01 Light-absorbing aerosols (black carbon, dust etc.) play very
important role in aerosol-PBL interactions through their radiative — —
effect: warming in upper PBL and dimming at the ground surface. /\Tem'jmykaw L
Such kind of effects could also influence rainfall patterns and s Ny /N\@““S‘@v
intensity. g

o JL

Formation and
accumulation of aerosol

* Phase equilibrium of nitrate ammonium
« Transport and diffusion

02 The dome effect of black carbon could substantially enhance -
haze pollution in both megacities and regional scale. This
interaction can be identified by observations. The effect strongly
related to the altitude of aerosol layers, its aging or mixing state

and the underlying surface.

v Quantifying respective contribution from different pathways of aerosol-PBL interaction

g A i i A\ v Improving numerical descriptions on key factors like aerosol mixing state, light-absorbing OC
03 Reducing the emission of light-absorbing aerosols: an efficient ) - )
v Understanding the role of aerosol-PBL interaction on regional transport

way to mitigate haze pollution, and co-benefit climate change. J

* Next

<

Direct vertical measurements on radiative active aerosols
and secondary component using airship platforms. Aerosol-
PBL interaction may enhance secondary pollution through
heterogeneous and aqueous-phase chemical reaction.

v Observational-based 1-D model or large eddy model for
better and quantitative understanding on the detailed
physical and chemical processes.

Thanks!

v' Improvements on parameterization and multiple-scale
meteorology and chemistry coupled simulation to better
understand aerosols’ impacts on regional and global climate.

c . Huang et al., Environ., Re. Lett.,, 7(4), 044033, 2012
. Ding et al., Atmos. Chem. Phys., 13 (20), 10545-10554, 2013.

BC (AE-
2017.12.21 ) \

ARitude (m)

k*mﬁr@‘: i

122 22 e ez em 2m 2z

References

Huang et al., J. Clim., 28 (9), 3472-3495, 2015.

Ding*, Huang* et al., Geophys. Res. 43(6), 2873-2879, 2016.

Liu, Huang*, Ding* et. al., Atmos. Environ., 129, 43-54, 2016.

Huang, Ding, et al., Atmos. Chem. Phys., 16, 10063-10082, 2016

Ding, Huang, Fu, Oxford Research Encyclopedias - Environmental Science, 2017.
Wang, Z., Huang,

A Ding, tmos. Chem. Phys., 16345-16361, 2018.
. Wang, Z Huang X., Ding, A submitted to Atmos. Environ., 2019



xinhuang
Stamp



