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Over 60% of world population live in monsoon regions

Monsoon related droughts and floods, and aerosols are the two most
severe environmental hazards in monsoon regions, e.g. Asia and West
Africa

The monsoon water cycle is driven by atmospheric heating, through the
dynamical interaction of wind, moisture, clouds and rainfall.

Sea surface temperature, and land surface processes alter monsoon water

cycle, through generation of surface heating gradients and atmospheric
heat sources and sinks.
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ABCs and GHGs: Impact on Regional Radiation Budget
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Tropical Indian Ocean: INDOEX
(Preindustrial to 1996-1999; January to April)

Ramanathan et al, Science 2001

Ramanathan et al 2005 suggested weakening of the Indian monsoon
by aerosol solar dimming (direct effects)



Aerosol Induced Dimming: 2002

{A Synthesis of ground and satellite observations}
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FEATURE

Hot Dust and Moisture Collide to Fuel Asian Summer Rainy SD 09.07.06

Who would think that something like dust in the air could trigger rain? According to a new NASA study,

+ CENTER HOME this is just what's happening over South Asia's Tibetan Plateau. Very small dust particles called aerosols
blow in from desert regions and collect in the atmosphere over the plateau's slopes early in the region's
+ ABOUT monsoon season, helping trigger rainfall.
- NEWS Image right: Dust and smoke from fires (red points) EE R T
over northwestern India/Pakistan may contributetoa = ., ¥

+ MULTIMEDIA change in rainfall patterns over the region. Click
image to enlarge. Credit: NASA

M A monsoon is a seasonal shift in wind direction that
+ EVENTS alterngtely brings very wet and then very dry seasons |
to India and much of Southeast Asia.

+ EDUCATION William Lau, research scientist at NASA's Goddard
Space Flight Center, Greenbelt, Md. and his team
+ DOING BUSINESS WITH US o e o
found aerosols in the form of dust lofted from the
+ EARTH AND SUN desert surface and transported to the monsoon regio
can heat the air by absorbing the sun's radiation, ' -
+ SOLAR SYSTEM altering the Asian monsoon water cycle. Black carbo particles from mdustrlal emissions, blo-fuel burning
and forest fires can add to this warming effect by absorbing the sun's radiation and heating the air
+ UNIVERSE currents transporting those aerosols. In some instances, black carbon coats the dust amplifying the
heating effect because black carbon absorbs solar radiation more efficiently than dust. Rains from this
+ TECHNOLOGY annual weather cycle are a lifeline to over 60 percent of the world's population. Up to now, scientists have
understood very little about how aerosols interact with the atmosphere to influence monsoons.
SEALH Lau's computer simulations indicate both of these light-absorbing and heat emitting aerosols, when mixed
| + G0 together with warm air currents and moisture, cause a heating effect in the air, triggering the rainy season

Lau et al., 2006: Effects of aerosols on Asian monsoon anomalies: The role of the Tibetan Plateau. Climate Dynamics.
Lau and Kim, 2006: Observational relationship between aerosol and Asian monsoon rainfall and circulation, GRL



The Elevated Heat Pump (EHP) hypothesis (Lauetal. 2006, Lau and Kim 2006)

Normal monsoon
Water cycle (mid-May to
mid-June)

EHP-accelerated
Monsoon water cycle
(mid-May —June)

_______

EHP postulates: a) an advance of the rainy season in northern India/Napal region in May-June
b) In July-August, the increased convection spreads from the foothills of the Himalayas
to central India, resulting in an intensification of the Indian monsoon.



Possible consequences/signals of the
“Elevated Heat Pump” effect

After major dust storm and/or as a long-term
(decadal) trend:

* Increased deep convection in the southern part
of the TP, leading up to the monsoon onset

« Advance of monsoon rainy season, more rain
in northern India/Nepal region in May-June;
strengthening of Indian monsoon in June-July

 Weakening of the East Asian monsoon (Mei-yu
rainfall), through large scale dynamical
adjustment to EHP heating associated with a
\r/]v_e?]tward shift of the West Pacific subtropical
19

« Accelerate the melting of mountain glacier->
expose land surface ->surface warming -
increased sensible heat flux = increased EHP

* Increased water vapor in the upper
troposphere, and lower stratospheric,
increased trend of stratospheric ozone hole
over TP




Dusts over big industrial cities are more absorbing (solar radiation)

Comparison of Asian Dust Single Scattering Albedo
versus Saharan and Saudi Arabian Dust
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Key findings of the Workshop on “Effect of elevated
aerosols on radiation and dynamics of the Asian
monsoon” July 31-August 4, 2006, Xining/Lhasa,
China. (Sponsored by GEWEX/CEOP, NSFC/MOST, CAS)

« Aerosol-Monsoon interaction is an extremely complex,
multi-scale, physical/chemical/hydrological interactions

* |t may be the key to better understand and prediction of
climate variability and change, particularly in monsoon
land regions

 Aerosol and monsoon research communities need to
work closer together

 International coordination, leveraging on national plans is
essential



Joint Aerosol-Monsoon Experiment
(JAMEX), 2007-2011

e A 5-year (2007-2011) plan derived from
grass-root planning, with the objective to
unravel the physical, chemical and multi-
scale interactions associated with aerosol-
monsoon water cycle in the Asian Indo-
Pacific region aiming at better
understanding of climate change impacts
and improved prediction of the Asian
monsoon



JAMEX will address the key science question: How do aerosols
(natural and anthropogenic) affect the Asian monsoon water cycle?

"Solar dimming” effect on land and ocean surface, may weaken the
Indian monsoon (Ramananthan et al 2005...)

"Elevated Heat Pump” effect may strengthen the Indian monsoon in
I/g\_ay—z\'{) lé)n(f)' but weaken the East Asian monsoon (Lau et al 2006, Lau and
im :

Transport of dusts, soot from deserts, semi-arid regions to monsoon
regions

Microphysics effects on clouds and rainfall from natural sources (dust
storms and biomass burning) mixing with anthropogenic aerosols (soot,
sulphate)

Coupled atmosphere-land hydrology effects: feedback from mel‘rinq of
dirty snow and mountain glaciers in high mountain terrains e.g. Nepadl,
Pakistan, Qinghai-Tibet Plateau

Coupled Ocean-Atmosphere effects (e.g. SSTA from El Nino) on aerosol
forcing and response



JAMEX calls for the establishment of a
multi-national science working group to:

Identify key uncertainties in natural and anthropogenic aerosol
forcing and impacts in monsoon regions

Coordinate joint aerosol-monsoon long-term observation
platforms, with a Special Observing Period in 2008-9 to measure
winds, temperature, moisture, aerosols physical, chemical and
transport processes

Develop a strategy for aerosol-monsoon dynamical system
investigations to stimulate collaboration among national and
international monsoon observational, modeling programs, and
operational centers.

Promote greater synergism between Asian regional aerosol and
monsoon research programs through more efficient use of
limited resources



Potential contributors/partners to
JAMEX

Asia and Indo-Pacific Ocean (AIPO) Project, China (poc: 6X Wu)
Aerosol Research Project (ARP), China (poc: X. Zhang)

Continental Tropical Convergence Zone (CTCZ), STORM, India (poc: D.
Sikka/S. P. Rao)

MAHARSRI, Japan (poc: J. Matsumoto)
Atmospheric Brown Cloud (ABC) (poc: V. Ramanathana)

Pacific Aerosol-Cloud-Dust Experiment (PACDEX) (poc: J. Stitch, V.
Ramanathan)

East-AIRE, US(DOE)-China (poc. Z.Li, U. Md)

Stations at High Altitude for Research on the Environment of Asia
(SHARE-Asia), Italy (poc. 6. Tatari)

Radiation, Aerosol Joint Observation - Monsoon Experiment over the
Gangetic Himalayas Area (Rajo-Megha) (poc. S. C. Tsay, NASA)

Monsoon Asia Integrated Regions Studies (MAIR) (poc: C.B. Fu, China)



Lahore ™

US (NASA){.—India—ItaIy contribution
* SMART-COMMIT: Proposed 2008
© AERONET: Operational

(© AERONET/Host: Planned 2006/2007

Ev-K*-CNR Project

Y Pyramid MefeoGroup [

%"* T, o =
* Alfahabad ™+ Gandhi &=legé

Ranchi Calcutta

o




EAST-AIRE Observational Activates Lifloﬂfhong S'Te

CAST-AIRE

National Aerosol Observation Networ
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The Sun Hazemeter Network of CERN/CAS
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MOnitoring and Research Platform in Tibetan Area

Courtesy: Y. Ma,
Tibetan Plateau Research Institute




SHARE — Asia Environmental Network

Everest ABC-Pyramid Station is g ;
operational since 19 Feruary 2006
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Merdional cross-section of aerosol concentration from Calipso

June 21,2006 Indo-Gangetic Basin
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Merdional cross-section of aerosol concentration from Calipso

June 23 2006
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Joint Aerosol-Monsoon Experiment (JAMEX) —
a multi-national integrated observation modeling effort to study
aerosol-monsoon water cycle dynamics

research

2" JAMEX science workshop

CEOP -1l
COPES/

WCRP
Pan-GEWEX

EOP-I (Apr-Aug) - AIPO, ABC,
CTCZ/RJIM, EAST-AIRE, Share-Asia...

Analysis and Modeling
Xining/Lhasa Workshop




We need High-Resolution global GCM with Interactive Aerosols with
Improved aerosol Microphysics to better understand
Aerosol- Monsoon Water Cycle Interactions

NASA GEOS5 model 5-day forecast of dust emission and transport (May 1-5, 2006)



Please submit your paper

Special Session in “Aerosol-Monsoon
Interaction” in IUGG/IAMAS, July 6 2-13,
Perugia, Italy.

Abstract submission deadline: January 31, 2007

Co-Convener: W. Lau, and V. Ramanathan



