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Northwest China is arid/semi-arid area

CEOP Reference site Tongyu and Lanzhou
( Annual Precipitation 1961-1979)
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This area iIs the a major source region of dust storm
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Heavy Dust Storms (April 24, 2010)
Instantly wind up to 28m/s, Visibility 0 m
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Dust experiment
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The Lidar results in Mingin

Heavy Dust Storms (April 24, 2010)
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The Lidar results in SACOL

SACCL MIES Lidar Attenuated Backscat. Coeff. @532nm (1072 km /sr)
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Backward Trajectories for the dusty case

NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 25 Apr 10
GDAS Meteorological Data
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Weather situation

500hpa wind field and vertical velocity
55N +— ' : ' '

. LR Y L L T [---------- ~~~~~~ v
I Vo - 9 L I e g
T r e L TR llf’-"‘-""“l"\‘-'\‘l-‘\‘i"liﬁ ------ i
e . T T T Y . . [] [ I \‘\\.I\.u.- I
------- =% % %L E o ow -rlllfl 1 5=y
- - = w om % 4 4§ 8 1t i F LI | [ !
- - P T I I B T R o ] [ AR ] L TN
" t o« F ®F P FF oF R III‘.I LY LT
I I " B O I D N A e B | % *
45N— e A N I A I i B .-'St ’-‘}

O I I O I N [
CORI R B I S T O A 7 2 B A R --[- (|
@ oroFr FOF R FT 1 F & & 1 -I 8 ra
PR R N N I B B [y
A o AN A A I A A R R
Foa= = = .l'f.Ff}p'}'f}'f}'f’p‘-l'.p’:‘!."?‘-":""-'f’r—-l-, .

m A J'fJ.l.fHHHJHH,'{J}LC’H“HH.-HHHM—-:MJ&HII e =

-U PR N N R I I I L -

S L w s s & ¥ P "'._‘:__:-‘—': ? _f,,}"f#' ,.#..--.-u-.--—-—--d—--——-#- = T "t"t

— SEN - s s F LRI T ST f}f;,-,.-_.-_.-..-_.-.-.o..-

— -—-—--ff.rz--sa-#f.r.'.r;‘,l'i}f —— ﬁ—{

m +-p-----'..-.|l'j'_l‘.ﬂ.-'-rd-.ﬂf].r}f _f -.f.-'-._. e — e e -1--0-‘3 P i

| -——-——*—d.ﬂ.d'ff.ﬂ.-l.-'.l.#.#.’,-’}}f Faret --l------———-----.'\.-t.ﬁ!‘;q._'iI LT = R .

P —————— I N R e R | FF P o o bl bt b ey, Ty A i
i e

- )'
B e o .! R L e A f e W ot o o e —-r-------'..--'‘..-"'.--"h--i—l'—'ll-*I
- Bl T I e ey ..,_.,..._,. _...-‘...J"f i
Lot - T L
’ e "-"‘\.""1 P R P e S
] .-.-
- 2 - "

P ot e n g e
- ff
e e B B ]
J“". e vyl f f}'/-"-r'-ﬂ'—-—"-'-"fr’f‘ff-’#-"
: f‘f

25N -

AP R P e . e P
il i S
P e L B e

P

Al L R g e g e |

A

e =) e SN
S s - ; Tl all o¥ S S

T P y e ln
.-.Mf,.l'f.#.-.-f.a-;,
il P P -
Hfffﬂfff.4nrns
i il N o i i

.-r.:.-w.\'\.'\

70E 80E 90E 100E 110E 120E 130E 140E

Longitude

—aal ] [ [ [ [ | I [ [ [ T T ees=—
-1.0 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1.0

vertical velocity (Pas™) UTC 0 on April 24th

Semi-Arid Climate Observatory & Laboratory (SACOL) nttp:/iclimate.lzu.edu.cn




Lidar Observation in Seoul

Lidar Observation in Maotsue
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The VFM and transmission of the dusty case
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Dust aerosol original from Northwest Chlna can
flow out from the continent to the open sea,

may has some impact on cloud, regional & global
climate.

It Is Important to study the dust aerosols effect on
cloud and climate in different region
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Aerosols

Direct Effect Semi-Direct Effect Indirect Effect

e

AL Cloud Formation

Dl & Scattering

Plant Atmospheric
Production Radiation
& Carbon Sink Budget

Precipitation
& Land Process

Carbon Cycle Energy Cycle Water Cycle
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The direct dust aerosol effect

‘L - &é&é&g Absorb solar radiation !

i** - Heating Atmosphere !
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Huang et al., ACP, 2010
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Aerosol Index derived from AURA

Aura OMI L2G UV Aerosal Index [unitless] Aura OMI L2G UV Aerosal Index [unitless]
(28Jul2006) (29Jul2006)
45H L 1 45H
- 1‘: . Rl
- 43
A2n
41H
Aol
3an
33N
E]
38H
B
34H
33
320
1M
EE,
&E 28E 108E
GraDS: £OLAAGES 2007-02-01-Da 58 GraDS: COLAAGES 2007-02-01-Da 58
Data Filtering Criteria: Data Filtering Criteria:
vza: 8—70 (deg) szar 0—70 (deg) refagd: 0—100 (%) vza: 8—70 (deg) szar 0—70 (deg) refagd: 0—100 (%)
alint width: 40 (deo’ ooth fndex: 3—7 snow fos: no alint width: 40 (deo’ ooth fndex: 3—7 snow fos: no
Aura OMI L2G UV Aercsal Index [unitless] Aura OMI L2G UV Aercsal Index [unitless]
(30Jul2006) (31Jul2006)
45N 45N x
L} ] II
4TM
oM
M
3N
37H
3EH
35H
340
33
320
3tH
aot
75E 102E
e e
a 0.3 0.B 0.5 1.2 1.8 1.8 2.1 2.4 2.7 3 a 0.3 0.B 0.5 1.2 1.8 1.8 2.1 2.4 2.7 3
GrdlS: COLANGES 2007-02-01—-049:58 GrilS: COLAAGES 2007-02-01—-049:58
Cata Filtering Criteria: Cata Filtering Criteria:
vza: 0—70 (deg) sza: 0—70 (deg) refigg: 0—100 (%) vza: 0—70 (deg) sza: 0—70 (deg) refigg: 0—100 (%)
glint width: 40 (deg) path index: 3—7 snow fice: no glint width: 40 (deg) path index: 3—7 snow fice: no

There is dust storm over Taklimakan from July 25 Aug.1, 2006
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Asian Dusts are more absorbing Ge et al.. JGRL. 2010
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region much stronger than

Asia dust may heat atmosphere over source

before

we know
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Indirect aerosol effect

W Higher droplet
Concentration (CCN)

Smaller droplets
Lower Precipitation rate

Clouds longer lived

More reflective cloud
(Cooler climate)
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Case Study: March 27, 2004
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Satellite Data Analysis: Indirect Effect of Dust Aerosol

Reduce the ice diameter and increase high cloud cover

Huang et al., GRL, 2006a
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Comparison of ice cloud diameter over Correlation between Taklamagan dust
the dust-free cloud (CLD) and clouds storm index and ISCCP high cloud amount.

over the dust (COD) region.
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Dust indirect effect was evidenced by observation

225 230 235 240 245 250 255 260
Te (K)

Huang et al., GRL, 2006a

Dust Aerosol, as Cloud condensation nuclei (CCN), can change cloud
microphysical property, cloud fraction and cloud lifetime, thus can

indirectly influence the radiation budget of the earth-atmosphere system.
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The semi-direct aerosol effect

Absorb solar radiation
Evaporation of the cloud!

Reduce low cloud cover

\Warm the climate as low
clouds scatter solar
radiation back to space.
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Semi-Direct Effect of Dust Aerosol

Reduce low cloud water Path
Huang et al., GRL, 2006b
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Semi-Direct Effect of Dust Aerosol

Reduce low cloud water Path
Huang et al., GRL, 2006b
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Comparison of the cloud water path for dust-free with cloud over dust region
as a function of effective cloud top temperature Te
for (a) IWP, (b) LWP.
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Semi-Direct Effect of Dust Aerosol

Reduce low cloud water Path

Huang et al., GRL, 2006b
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Semi-direct effect may contribute to arid climate
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Huang et al., GRL, 2006b

Dust Aerosols’ semi-direct effect can increase droplet evaporation,
reduce liquid water path by 49.8%, lead to less precipitation.
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81% dusty cloud warming effect is contributed by
Indirect/semi-direct effect, 19% from direct effect
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Dusty cloud reduced net TOA cloud cooling effect
by 40% and may lead to warm atmosphere.
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Dust aerosol reduce cloud particle size in both source &
downwind region but much significant in source region
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Dusty cloud reduce net TOA cloud cooling effect in both
source & downwind region but much significant in source
region

Net Radiative Forcing(W/m?)
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Huang et al., ACP, 2010
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Huang et al., ACP, 2010
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Dust aerosols effect on cloud

e 1
g Indirect effect

Change the microphysical

D characteristics of clouds &

' diminish the cloud cooling
effect

Low-level cloud evaporation,
water vapor reduction
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Summery and Discussion

Less Rainfall

, More Dust Events

Huang et al., ACP 2010

Wang et al., JGR 2010 Dust-Drought Feedback

Huang et al., ACP 2009

Huang et al., JGR 2008 Evaporate cloud droplets
Su et al., ACP 2008 Reduce cloud water path

Huang et al., GRL 2006a,b

‘ Less Rainfall

Drought
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Summery and Discussion:

€ The absorption of Asian dust aerosol can cause:

heating atmosphere

evaporate cloud droplets

reduce cloud water path and optical depth
reduce cloud-cooling effect

lead to warm local climate

lower precipitation rate

& More field cloud/aerosol observation need to
understand the their effect on climate and
hydrological cycle.

fu-"r..m.*t

i H

3 '
"AC ov

Semi-Arid Climate Observatory & Laboratory (SACOL) http:/climate.lzu.edu.cn






