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Why do we need joint aerosols-monsoon studies?

• 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.

• Suspended particles (aerosol, clouds, precipitation) in the atmosphere 
regulate and interact with heat sources and sinks, and alter the monsoon 
water cycle
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Ramanathan et al, Science 2001

ABCs Effects GHGs Effects

ABCs and GHGs: Impact on Regional Radiation Budget

Ramanathan et al 2005 suggested weakening of the Indian monsoon
by aerosol solar dimming (direct effects)
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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  (Lau et al. 2006, Lau and Kim 2006)
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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 
westward shift of the West Pacific subtropical 
high 

• 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
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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

• It 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

• 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 
May-June,  but weaken the East Asian monsoon (Lau et al 2006, Lau and 
Kim 2006). 

• 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  melting of 
dirty snow and mountain glaciers in high mountain terrains e.g. Nepal, 
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:  GX 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. G. 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)
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US(DOE)-China 
contribution
http://www.atmos.umd.
edu/~zli

EAST-AIRE Observational Activates
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MODIS/CERES - IR Properties of Clouds
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Merdional cross-section of aerosol concentration from Calipso
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NASA GEOS5 model 5-day forecast of dust emission and transport  (May 1-5, 2006)

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



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


