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Two Bonus Commercial
Slides

To the AEROCOM community,
the highly-sought cloudnbase
updraft and CCN are now
feasible
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Satellite retrieval of cloud condensation nuclei
concentrations by using clouds as CCN chambers

Daniel Rosenfeld®’, Youtong Zheng®<49, Eyal Hashimshoni®, Mira L. Pohlker®f, Anne Jefferson?, Christopher Pohlker®,
Xing Yu", Yannian Zhu®", Guihua Liu", Zhiguo Yue", Baruch Fischman®, Zhanqing Li"“¢, David Giguzin®, Tom Goren?,
Paulo Artaxo', Henrique M. J. Barbosa', Ulrich Péschl®f, and Meinrat O. Andreae®

=
2000 +—+—+—+—++—++ S«
—| — bivariate fit g E
| ©31 std error of fit <
—_— std deviation of fit = e
w T|m=0.86 £ 0.06 S
= tlb=23+29cm”
O, 1500 —|r%*=0.76
prd 4| & ATTO
Q | X Macic
O | v seP
e]
g) 1000
0
| -
e
(O]
T
[0}
D 500 =l 2
(D /// )
— Ry )2 0.150.200.250.300.35 |1
a & Supersaturation [%]
0 ol
0 500 1000 1500 2000

Ground-measured CCN[cm'3]

Rosenfeld et al. (2015, PNAS




World Major Aerosol Plums and Monsoon Systems

Aerosol and Monsoon Climate Interactions in Asia (Li et al. 2016, Rev. Geophys.)



Comparison of Air Quality Trends between
China (Left) & US (Right)
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Top and bottom LEFT, for China: Various economic indices and trends in
satellite-retrieved NO2 column amounts, respectively (from Lin et al. [2013]).
Top and bottom RIGHT, for the U.S.: Monthly power plant emissions of SO2 and
NOXx for five Mid-Atlantic states (adapted from He et al. [2013]); reduction due to
US policy to reduce PM2.5 and below [EPA, 2004]




East Asian Study
of Tropospheric Aerosols:

An International Regional Experiment (EAST-AIRE)




East Asian Study of Tropospheric Aerosols&
Impact on Regional Climate (EAST-AIRC)
Phase Il, 2008-2012, JGR Special Section Il (35)
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East Asian Study of Tropospheric Aerosols& Impact on

Cloud and Precipitation (EAST-AIRcp)
Phase III, 2013-2017, JGR Special Section (~30 Articles)
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SLiGH g (Exper iment Locations)

Aircraft Flies Across Hebei Province Spiral Around Ground stations




Cloud Probing Aircrafts

PCASP-100% |
(0.1-3.0um)




Impact of Air Pollution or Aerosol
on the Following Variables

* Cloud
* Rainfall
* Temperature
 Thunderstorms
* Wind & Circulation
» Cloud radiative forcing
* Monsoon circulation & climate
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Temperature Trends in China

Temperature trend ..
(degree C/decade) o .

S
©
v

oegt

NEE TR

L8R

T
15

20

1

—180 —80

=)

1960-1990 courtesy of vinui ~ 1956-2002

09

e

- 0.80 e

i ! 1.00
- /
. N / L

j a.60 - 0.01

.........................................

- 0.40 - q-0.01

|
—0.02
’ I
—0.03
!

a.20

0.00




Separating the effects of greenhouse, urban heat
iIsland and aerosol from temperature records
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Long-term Trend of Maximum Temperature

(b) All-forcing Tmax

60N :i::: - 60N il

30N = - 30N g

| | Greenhouse effect
60E o0F 120E 150E ° 60E o0F 1 20E 150E haS Widespread
(¢) r?latu‘ral-f‘orcilng‘ L Tmax (d) ,ﬁnthropgge?ic-forcipg L Tmax z
effect of warming,
while aerosol effect
is mixed due to both
direct (aerosol-

60N - L 60N - -

30N A - 80N el

" Tae | me e we s = e we radiation effect)
(e) lGHQ-forcing L Tmax f Alerogol-f‘orcilng‘ L Tmax - A
E T ' and indirect effect
: ' (aerosol-cloud-
aon L L aon | interaction)
) S O R\ Liu et al. (2016)
60E 90E 120E 150E 60E 90E 120E 150E

[ N N N A o
21 09 -04 01 02 06 15 3

DegC/45yrs



T’a,‘ “_,7},‘ "':’4-,}& 9

‘\’ "‘ ‘:,’ ""*h% ..'L‘ " ‘

BLYE, 4') o

/

C [ouc[ &’ ?recgowauon



Impact of aerosol invigoration effect
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Impact of Aerosol (loading & type) on
Convection, Cloud & Precipitation in China
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Difference in the Frequency of Occurrence of Convective
Clouds between Polluted & Clean Conditions
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Rainfall Trend and
Pattern in China

(a)Frequend of rain/ das, Jun.—Aug.
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Daily Averaged Visibility [km]
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Relationship between cloud
thi%kness of raining and aerosol
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Increases 1n rain & thunder days
with 1ncreasing air pollution in SE China

Number of Thunder Days
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Yang and Li (2014, JGR)



Long-term and Global Evidences of
Aerosol’s Impact on Precipitation
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Thunderstorm Changes in W. Central China
(BC Aerosol Dominant)
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meac’r dc’)f Aerosol on
Thunderstorms &
ﬁeavy Rain
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Visibility Anomaly (%)

Visibility Anomaly (%)

-2

-3

Visibility

Central Chin

Thunderstorm Days Anomaly (%)

o

1
=

-2

-3

Thunderstorm Days Anomaly (%)

20

15

10

-5

-10

-15

15

10

-5

-10

-15

Thunderstorms

Strong
absorption

Mt. Hua
| | | | | |

Mon Wed Fri Sun

\ \
=0.0035

‘Weak
absorption

SEChina_Plain_Thunder

Tue Thu Sat

Yang et al. (2016, GRL)




Summary

— Aerosol and radiation interactions (ARI)
» Surface surface energy fluxes
« Stabilize the atmosphere & weakens circulation
 Reduce low cloud
— Aerosol and cloud interactions (ACI)
* Decrease rainfall likelihood from low cloud
 Enhance mixed-phase cloud
— Aerosol-Radiation-Cloud-Interactions (ARCI)
* Reduce thunderstorms.
* Delay thunderstorms

* Migrate heavy rainfall from one location to
another

Take-home Message
Aerosol effects need to be accounted for in NWP & GCM
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Aerosol-Boundary-layer-Convection
Interaction Experiment (ABCIE)
Hebel, China, May 1 — June 15,

2016
Objectives:

1. Understanding aerosol-PBL interactions
(API)

2. Understanding the impact of the API on
convection, convective clouds and
thunderstorms

3. Understanding aerosol, topography and
cloud interactions
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Substantial Contribution of ARI to the Catastrophic
Floods in Southwest China

2013 Southwest China flood
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Fan J. et al., (2015, GRL)

« The worst in five decades

» Sichuan mountainous regions
located at the northwest of
Sichuan Basin suffered the
extremely heavy rain and the
most damage (~ 94 cm of rain
from 8-9 July at Dujiangyan,
Beichuan).

BCH: Beichuan County
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Main storm period: 2000, 8th to 0700 July 9t
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Clean (or polluted without absorbing aerosols)

S\

Mountain

Polluted with absorbing aerosols
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