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Motivation

e Tt was postulated that microphysical impact of aerosol pollution on cirrus
clouds may play a role in the entry of tropospheric water vapor into the
stratosphere and thus the stratospheric water vapor trends (e.g. Sherwood
2002; Liu et al. 2007).

e Observational substantiation of the postulation/model results is yet available.
Objective

» Using collocated/coincident multi-satellite observations to explore the role
of aerosol-cloud interactions on tropical tropopause layer (TTL) water vapor
and its transport into the stratosphere.

» Data used:
Aura MLS water vapor, temperature, relative humidity, ice water content,
carbon monoxide
Aqua MODIS cloud fraction, cloud effective radius, aerosol optical thickness
Aqua AIRS water vapor, tfemperature and cloud fraction



JPL Factors that Control TTL H,O
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o [IWC at 215 hPa (IWC,5) is approximately linear with the moisture flux divergence at 200 hPa
— an index for convective strength

e CO at 215 hPa (CO,5) is approximately linear with AOT — an index for aerosol loading



JPL Bi-Variate Composite (BVC) Analysis
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* gv4qo increases with the increase of T,.

* When T,y < ~192 K, qv,q, varies little with INC,,5 or CO,s.

* When T,y > ~192 K, qv,¢, increases with IWC,,5 or CO,,5.

* The increase of qv,,, with IWC,,5 or CO,,5 is associated with the increase of T,.



J4PL 100 hPa H,O in the Polluted and Clean Clouds
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e The qv,, differences between the polluted and clean clouds are more pronounced in
summer than in winter.

¢ In summer, three regions of polluted clouds are associated with higher qv,,, than their
clean cloud counterparts. South Asia continent shows the strongest enhancement of
QV4qo IN the polluted clouds.



JPL Observed Time Series over Asia

clean — polluted — AsiaRegion (Lat:10°S-40°N; L on:60°E-150°E)
. : : : : 100 - : - :
< =2
E s g w0
ST 5
~ g
z 4 £ 80
B e}
£ 3 3
S | © 70
2 AuraMLS ) ) ) ) - i AquaMODI§ ) ) )
18- T %0 ' ' ' '
£ E 28 .
S ol | 100 == Ry
=} =} ~
g 5 26 [N N
o g "IN A O e
L [ [ ‘> =1 =
§ 192 2
© - 3 Iy 1
< 190 i 22 -
S T 8
188~ AuraMLS 20~ AquaMODIS .
SOND JFMAMJ JASOND J AMAM J JASOND J FMAM J JASOND J FMAM J JA SOND J FMAM.J JASOND JAVAM J JASOND J AMAM J JASOND J FMAM J JA
2004 2005 2006 2007 2008 2004 2005 2006 2007 2008

Working Hypothesis:

smaller ice larger cirrus increased cloud warmer
particle size cloud fraction radiative heating temperature \

\ 4
\ 4

\ 4

enhanced higher
aerosol water vapor
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Focus Analysis of South Asia in Summer
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For the same amount of IWC
(convection), compared to the clean
clouds, the polluted clouds have:

e Higher water vapor at 100 hPa

e \Warmer temperature at 100 hPa
e Smaller ice cloud effective radius
e Larger cloud fraction

enhanced
aerosol
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smaller ice
particle size

!

larger cirrus cloud
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JPL Back-of -Envelope Calculations
aerosol-clouds-radiation-water vapor interactions
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JPL Aerosol-Cloud-Climate Model Results
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FIG. 7. Annual zonal mean latitude vs pressure cross sections of temperature (K), specific humidity

(g kg ). cloud cover (%), and cloud ice mass mixing ratio (mg kg ?) for simulations REF and ICE, and
the difference, ICE — REF.

From Liu, et al. 2007, J. Clim



JPL Conclusions

e Using Aura MLS observed CO at 215 hPa as an index for aerosol pollution
loading to classify clouds as “polluted” or “clean”, we find that the polluted
clouds are generally associated with higher water vapor (specific humidity)
at 100 hPa than the clean clouds, notably in South Asia during summer.

e A possible mechanism for the increased water vapor in the polluted clouds is
through aerosol-cloud-radiation-water vapor interaction, i.e.,

smaller ice ,| larger cirrus | increased cloud > warmer
particle size cloud fraction radiative heating temperature \
enhanced higher
aerosol water vapor

e Further analysis using improved cirrus clouds and aerosol observations (such as
CALIPSO data) will help to corroborate the microphysical effect of aerosol cloud
interaction on 100 hPa water vapor and thus influencing transport of water vapor
into the stratosphere.
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Comparing to the clean clouds,

1000k 14; polluted clouds have:
_ _ 13;—
5 8o 2 e | ower water vapor at 215 hPa
2 e00f 2 ll; e Similar water vapor at 925 hPa
2 ool § e Weaker lower-level convergence
g ¢ . e Similar convective available

e e L Poliuted { potential energy (CAPE)

R z Gen T P 9y
0 1 1 1 1 1 1 8 1 1 1 1 1 1
0O 10 20 30 40 50 60 70 0O 10 20 30 40 50 60 70
AuraMLSIWC (mg/m®) AuraMLS IWC (mg/m®)
(h) divg, (i) CAPE
0.1 T T T T T T T T H H
0 Cannot explain the higher qv,,.

F'Tn\ E . 1200 T
“':% i S 1000} ]
@Q LU
& ; % 800} ;
2 1 & eoof ;
& E
O Polued | = “Of Polluted ]
< 05f Clean SLLL I < ook Clean ]

-0.6 1 1 1 1 1 1 0 1 1 1 | |----|

0O 10 20 30 40 50 60 70 0O 10 20 30 40 50 60 70

AuraMLSIWC (mg/m®) AuraMLS IWC (mg/m®)



	Factors that Control TTL H2O
	Bi-Variate Composite (BVC) Analysis
	100 hPa H2O  in the Polluted and Clean Clouds
	Observed Time Series over Asia
	Focus Analysis of South Asia in Summer
	Back-of-Envelope Calculationsaerosol-clouds-radiation-water vapor interactions
	Aerosol-Cloud-Climate Model Results
	Conclusions
	Acknowledgements
	Other Meteorological Differences

