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Minute particles, Major impact 
  Atmospheric aerosols are believed to have significant impacts on the climate via number of direct 
and indirect ways. The process by which particles themselves scatter and absorb sunlight is termed 
the ‘direct effect’. White smoke essentially scatters light and partially sends sunlight back to space, 
while black smoke absorbs light and warms up the surrounding atmosphere. Gray smoke does both 
(extinction). In general, the aerosol direct effect acts to reduce the total sunlight reaching the earth 
surface, the fundamental driver of the climate system. 
  Aerosols not only interact directly with sunlight, but indirectly by modifying the microphysical 
structure of clouds. Hygroscopic (e.g. water soluble) particles act as Cloud Condensation Nuclei (CCN) 
upon which water vapor condenses on to, and create liquid clouds. Certain insoluble solid particles 
act as Ice Nuclei (IN) that initiate the formation of ice crystals within clouds in relatively warm 
temperatures (> -35°C). Clouds of course, are by far the most important component controlling the 
earth’s albedo, but clouds cannot even exist without the help of the aerosols! Therefore, aerosols 
impose substantial ‘indirect effect’ on the climate system through their ability to control formation 
and lifetime of clouds. 
 
Challenges ahead 
  One of the difficulties in tracking the evolution of the aerosol properties stems from the fact that 
they can easily change sizes, shapes, and chemical composition by collision or reaction with ambient 
gases to form mixed particles (hence affects the way they interact with light and cloud). For example, 
windblown dust particles have long been regarded as insoluble particles that serve mainly as IN but 
recent field measurements suggested that their chemical processing and reaction with pollutants turn 
them into extremely soluble particles that potentially act as efficient CCN. Certain organic materials 
are surfactant that can reduce surface tension of water and promote cloud droplet growth, while 
others like wax or oil slows down the growth through their essentially hydrophobic nature. How these 
organic materials are mixed within the CCN relevant inorganic particles (i.e. sulfate) is also important 
for the prediction of the aerosol indirect effects.  

Coordinated efforts of laboratory experiment, field observation, remote sensing, and numerical 
model development are needed in order to reduce the uncertainties as to how the climate and future 
weather-forecasting models handle these highly complex particles. 
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