
Aerosol, Monsoon Rainfall Variability  
and  

Climate Change  
 

William K. M. Lau  
Laboratory for Atmospheres  

NASA/Goddard Space Flight Center  



Climate ChangeÍ Global Warming  

Climate Change  is a change in the statistical distribution of 
weather over a  period of time  that range from season, years, 
decades to millions of years. It can be a change in the  
average weather or a change in the distribution of weather  
events around an average (for example, greater or fewer  
extreme weather events).  Climate change may be limited to 
a specific region , or an environment , or may occur across  
the whole Earth System 

 
Global warming is a realization of the effects of well -mixed 
greenhouse gases associated with modern (approx. since the 
last 1.5 centuries) climate change  
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http://en.wikipedia.org/wiki/Weather
http://en.wikipedia.org/wiki/Duration
http://en.wikipedia.org/wiki/Region


 
 

Global and TOA 



ŗŏŏhuman influences are significant and involve  a  
diverse range of first -order climate forcings, including
, but not limited to the human input of well mixed  
greenhouse gases (CO2, CH4, N2O etc.)  The 
 impacts of these other forcing (aerosols, LULC,  
urban heat islandŏ..)  are critically important in  
exciting climate feedbacks on regional and local  
scales, and in modulating the greenhouse warming  
effects.Ř 
 
Climate Change: The Need to Consider Human Forcings  Other  
than Greenhouse Gases,    EOS,  American Geophysical Union,  
2009, Nov.  
  
By Roger Pielke Sr1., Keith Beven2, Guy Brasseur3, Jack Calvert3, Moustafa  Cha
hine4, Russ Dickerson5, Dara Entekhabi6, Efi Foufoula-Georgiou7, Hoshin Gupt
a8, Vijay Gupta1, Witold  Krajewski9, E. Philip Krider8, William K. M. Lau 10, Jeff 
McDonnell 11, William Rossow12 , John Schaake13, James Smith14, Soroosh Sor
ooshian15, Eric Wood14 
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Definition of aerosol Definition of aerosol 

     An aerosol is a suspension of fine solid particles or liquid droplets in a gas.  
Aerosols come from both  man-made (industry, motor vehicles), and 
natural sources (forest fires, oceanic haze, deserts). Examples are: sulfate, 
soot (black carbon), organic carbon, dust, sea salt. 
 

    Soot is impure carbon particles resulting from incomplete combustion of a 
hydrocarbon  e.g., from internal combustion engines, power plants, heat 
boilers, waste incinerators, furnaces, fireplaces, slash and burn 
agriculture, forest fires. 

     

      

Volcanic ash Sea Salt Tractor soot 



  

Back Scattering (Cooling)  

Absorption  
(Atmospheric  

Column Warming by 
absorbing aerosols  
e.g. dust and soot)  

Dimming of Earth  
 Surface (Cooling) 

Forward  
Scattering  

 
Warm Rain suppression, Increased  

 cloud life time (cooling)  
Increased ice nucleation, enhanced 

deep convection (warming)  
 

Radiation (Direct) Effects 
 

Microphysics (Indirect)  
 Effects 

Aerosol induced cloud -shielding  
Ą   Surface cooling  
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Aerosols alter energy balance of  
the atmosphere -ocean-land system  
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CCN/IN  Oxidation, Nucle
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Soil dust 
saltation  

CCN 

Water cloud  

Microphysics (indirect)  effects of aerosols on  
warm rain and ice -phase rain  

Automobiles Biomass 
burning  

SO2, NOx, Organics, Soot 

Snowing cloud  

Suppress  
warm rain  

Enhance ice nucleation, 
increase cold rain/snow  



GFDL CM 2.1 

Aerosols mask global warming effects  
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    Aerosols have done a lot more than 
just òoffsetó the global-mean surface 
temperature due to  long-Lived 
Greenhouse Gases, but also  altered 
regional water cycle and climate in 
ways that are still not understood, or 
even known!! 



  

b!{!Ωǎ 
Satellites 
Taking the 
Pulse of the 
Earth 
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 Aerosol-Hotspots   
Aqua Collection-05 Aerosol  (Deep Blue & MODIS Composite) 
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Courtesy C. Hsu 11 
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Climate Change hazards in Asia  

Industrialization  

smok 

Dust storm  



  

Aerosols and the Asian Monsoon  

Å Over 60% of world population live in the Asian monsoon regions  

Å Monsoon  related droughts and floods, and aerosols are the two most   

     serious environmental hazards in  Asian monsoon regions,   

Å Sea surface temperature, and land surface processes drive the large -scale 

monsoon, through surface heating gradients and atmospheric  

    heat sources and sinks. 

Å The monsoon water cycle is driven by atmospheric heating/cooling,  

    through the dynamical interaction of wind, moisture, clouds and rainfall 

    and surface processes.   

Å Suspended particles (aerosol, clouds, precipitation) in the atmosphere  

    regulate with the land -sea thermal gradient,  interact with heat  

    sources and sinks, and alter the monsoon water cycle 
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Dust  
Storms 

Forest Fires 

Crop Biomass  
burning 

Complex mixture of aerosols over  
the Indo-Gangetic Plain 





11-day Back Trajectories for 850hPa airmass at Kanpur, India , 2008 


