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Mostly�
Scattering 
Aerosol�

Solar Radiation Scattered 
to Space�

Less Solar Radiation Reaches Surface� Less Solar Radiation Reaches Surface�

Solar Radiation Absorbed �
by Aerosol Layer�

Surface Radiative Cooling� Surface Radiative Cooling�

Atmospheric Radiative Warming�
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Solar Radiation Scattered 
to Space�

Aerosol Direct effect�

(e.g. sulfate, sea salt aerosols)� (e.g. black carbon, dust aerosols)�

Animation by C. A. Randles�
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Earth Observatory�
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Larger cloud droplets,�
less reflective cloud.�

Smaller cloud droplets,�
more reflective cloud.�

Larger cloud droplets,�
droplets rain out easier,�
clouds dissipate quicker.�

Smaller cloud droplets,�
droplets rain out less,�
longer-lived clouds.�

Less Aerosols More Aerosols�
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Twomey Effect�

Albrecht Effect�

Aerosol INDirect effect�

Increased Cooling by Clouds�

Animation by C. A. Randles 



Absorption-CIRCULATION INTERACTIONS�

OCEAN

LAND�
N� COOLER OCEAN SURFACE�

REDUCED SW FLUX�

RADIATIVE HEATING�RADIATIVE HEATING�

Animation: C. A. Randles adapted from Lau et. al. [2009; Fig 10]�

subsidence &�
suppressed 
convection�

increased low-level 
clouds

decreased upper-level 
clouds�

increased moisture 
transport�
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rainfall�

increased convection & 
upper-level clouds�
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ZONAL CIRCULATION�

COOLER LAND SURFACE�

increased �
low-level stability�

Widespread absorbing aerosol layers can impact large-scale circulation and 
precipitation patterns like the Indian Monsoon (e.g. Ramanathan and Carmichael, Nature, 2008).�

Elevated Heat Pump�
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