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What is a climate model?

Coupled component 
representation of Earth 
system

Probably a coarser 
resolution (and run for 
longer time integration) 
than operational 
forecast model

Image source: http://www.windows2universe.org/earth/climate/cli_models2.html



Aerosols

Suspended particles 
or droplets (d < 10 
μm)

Cloud condensation 
nuclei/ice nuclei

Redistribute radiation

Chemistry

Other feedbacks... Image source: Ghan and Schwartz, “Aerosol Properties and Processes,” BAMS, July 2007



Aerosol Properties

Image source: Ghan and Schwartz, “Aerosol Properties and Processes,” BAMS, July 2007



Processes

Image source: Ghan and Schwartz, “Aerosol Properties and Processes,” 
BAMS, July 2007

Emissions

Chemistry

Nucleation

Condensation

Coagulation

Clouds

Loss mechanisms



Aerosol Microphysical Models

Bauer et al, “The Multiconfiguration Aerosol TRacker of mIXing state MATRIX, an aerosol microphysical module for global 
atmospheric models,” ACP, 2008.
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Mostly
Scattering 
Aerosol

More 
Absorbing 
Aerosol

Solar Radiation 
Scattered to Space

Less Solar Radiation Reaches Surface Less Solar Radiation Reaches Surface

The Aerosol Direct Effect

Solar Radiation Absorbed 
by Aerosol Layer

Surface Radiative Cooling Surface Radiative Cooling

Atmospheric Radiative Warming

Solar Radiation 
Scattered to Space

“Classical” Aerosol Climate Interactions



The Aerosol Semi-Direct Effect

Absorbing Aerosol 

Radiative Heating
Stability 
Increases

Evaporation
 Decreases

Surface radiative warming due 
to reduction in low-level clouds

RH 
decreases

Surface radiative cooling due to 
aerosol layer vs. no aerosol layer

“Classical” Aerosol Climate Interactions



The Aerosol Indirect Effect

graphic courtesy NASA Earth Observatory graphic courtesy NASA Earth Observatory

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

Twomey Effect

Albrecht Effect

“Classical” Aerosol Climate Interactions



Schulz et al. 2006, Radiative forcing by aerosols as derived from the AeroCom present-day and pre-industrial simulations, 
Atmos. Chem. & Phys., 6, 5,225 - 5,246.

All these models have same emissions!

Model Δ
burdens (MSO4 = 0.6 - 1.8 Tg)

lifetimes (τSO4 = 2.3 - 5.1 
days)

optics (βext = 4.5 - 12.3 m2 g-1)

Also: surface reflectance,
asymmetry parameter

Anthropogenic Direct Forcing



Component AOT

Source: Kinne et al., “An AeroCom Initial 
Assessment - Optical Properties in Aerosol 
Component Modules of Global Models”, 
ACP, 2006.



Summary

Aerosols = complicated

State of modeling: total AOT pretty well constrained

Even a relatively straightforward climate problem (direct 
effect) is poorly constrained

Requirement of additional measurements to constrain, 
e.g., size/composition distribution, absorption, vertical 
structure, etc.

And there’s clouds, chemistry, etc...


