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How can aerosol indirect effects alter
Cloud radiative forcing “?

X Twomey effect ( , Twomey, 1977)

*»Life time effect ( , Albrecht, 1989)
“*Semi-direct effect ( , Hansen, 1997)

“*Invigoration effect ¢ . Koren, 2008)



Exploitation of All-kinds of Observations

In-depth and extensive analysis
Of multiple datasets to reveal the
Effects of aerosols on cloud,
Precipitation & Radiation

. i China
SGP Aircraft -Train 0P &
TWP RACORA A Satellites _
) Sites routine ~
Best quality Ideal location In-situ truth Global coverage Long-term

Revealing Understanding Quantifying
Aerosol effects ‘ Aerosol effects

Aerosol Effects
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Lietal., 2011
Long-term impacts of aerosols on the vertical

development of clouds and precipitation
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The A-Train

CALIPSO CloudSat
1:31:15 1:31

- — - Aqua
PARASOL 7 _— N 1:30

Identlﬁcatlon of DCC from A-Train Sensors

DCS Occurences Frequency_Sprmg
-150 —120 -90_-60 -30 O 30 60 ~ 90 120 150

Height( km )

| '
Il |
0o .. b 1 ‘ -150 —120 -90 -60 -30
| T S—

-17.39/-135.98 =-22.21/-137.10 =-27.02/-183.27 =-31.82/-139.52 ~-36.60/-140.86 0 10 20 30 40
Latitude/Longitude

Peng et al (2013)



* Region: 20N-20S
* Time: 2007-2010

* Collocation
CPR/CloudSat-MODIS/Agua(Daytime only)
CPR/CloudSat-CALIPO/CALIPSO(Daytime and Nighttime)

* Results will be showed as:
(a) CM(CloudSat/MODIS):Daytime only for Land and ocean



Part 1:Daytime only

Cloud properties: CPR/CloudSat
Aerosol properties: MODIS/Aqua

CM: CloudSat and MODIS

Warm: (a) CTT< -4 C (b) CBT >15 C

Cold:

Liquid: (a) CTT>0 C

(a) CTT <-4 ‘C(b) CBT>0 ‘C & CBT<15 C

Table Sample numbers for different cloud types of CM

Ocean/Al
3595 | 6500 12429 | 22304 | 31956 (31748 | 15444 | 4396 | 1900 | 699
28 44 80 181 420 662 S10]0) 197 69 26
71 99 212 395 882 1180 881 345 139 40
Land/AOD
8159 | 16461 | 5976 2204 1117 655
459 | 1118 855 442 239 125
1119 | 2292 1763 927 449 282
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With the increase of AOD :1) Mix-Phase cloud become thicker and higher
2) Liquid clouds have no significant change
3) Cloud base height do not change with AOD
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LTSS: lower tropospheric static stability, Define as potential temperature difference between the surface
and the 700 hPa pressure level [Klein and Hartmann, 1993]

VaporD:

Mean value of differences between Saturated specific humidity and current specific humidity for all
layers between 500hPa and 700hPa

No significant trend of meteorological parameters indicate the large scale dynamic dominate

The variation showed above
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Liquid Water Path (g/m2)
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IWP: Ice water path
LWP: Liquid water path

Increase of IWP indicates ice processed are enhanced under higher AOD scenes
No clear explanation for LWP
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IER: Ice effective radius LER: Liquid effective radius
INC: Ice droplet number concerntration  LNC: Liquid ice droplet number concerntration
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Cthickness: Cloud thickness
Macro physical properties also have the same trend with the situation over land
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No significant trend of meteorological parameters indicate the large scale dynamic dominate
The variation showed above
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Increase of IWP indicates ice processed are enhanced under higher Al scenes
No clear explanation for LWP



Ice Effective Radius (um)

IER_Ocean_2007-2010_all

R R R R RN R R

y= 6.39x 80.83 y= 13.92x 67.31

O Warm R2= 0.76 <© Cold

R2= 0.87

e b b b

0.1
Al

—_

Ice Number Concerntration (/L)

INC_Ocean_2007-2010_all

y= 65.28x 79.35

O Warm R2= 0.81 <© Cold

y= 58.06x 50.92

R2= 0.86

Liquid Effective Radius (um)

Liquid Number Concertration (/cm3)

o)
o

~
o

[0}
o

(o))
o

N
o

(6]
o

LER_Ocean_2007-2010_all

y= =—2.86x 11.47 y= -0.96x 10.98
O Warm R2= 0.96 ¢ Cold R2= 0.74

1

0.1
LNC_Ocean_2007-2010_all

L L I L R L R IR

y= -—7.48x 55.24 y= -5.09x 51.18
O Warm R2= 0.50 < Cold R2= 0.34

s b b b b




macro-
missing
Warm base mixed-phase Cold base mixed-phase

+ Total
A ® Short wave
A Long wave

+ Total y=56.748x + 85.998
@ Short wave R?=0.8455
A Long wave

y=18.637x+ 88,789
JR?=0.2975

y=-149 65x - 363.05
4 R?=0.2046

y=-251.18x- 425.63
R’=0574

Cloud forcing (Wm?)
Cloud forcing (Wm?)

y=-168.29x - 451.84

2
y=-307.93x-511.63 R =0.2284

R?=0.6543

+ Total
® Short wave
A Long wave

Only the
microphysical effect
1S accounted for in the
current estimates

Liquid clouds -
E;;20é5523:7_236-94 sz=;1§_085697;(—254.42 MicrothSicaI EﬁECt

Cloud forcing (Wm?)



Cloud Forcing (W/m2)

Cloud Forcing (W/m2)
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Al: Aerosol index
Defined as the multiple of the aerosol
optical thickness and Angstrom exponent.

Al=A0D X AE

Include both optical property and size property
The variation of cloud radiative forcing are the
same with the situation over land




* Current estimates of aerosol-induced radiative forcing have
missed a major components associated with the
macrophysical (height, coverage/frequency) effect that
seems much larger than the microphysical effect on
individual cases.

* [t 1s important to estimate aerosol effects by accounting for
meteorological conditions, cloud regimes, day & night, etc.

* The aerosol effects are complex but a huge large social-
economic consequence that have not been conveyed to the

public relative to global warming.



