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What Determines the Temperature of the Earth?

Aerosol Radiative Forcing Efficiency ΔFaer/τ     ΔF!"#
τ = − S!2 T!"#
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Aerosol Extensive Properties
ΔFaer is the aerosol forcing
τ is the aerosol layer optical depth (AOD)
ΔFaer//τ is the aerosol forcing efficiency
Aerosol Intensive Properties
   is the average upscatter fraction
ω is the aerosol single scattering albedo (SSA)
β 

Energy	  Balance:	  Ein=Eout	   Ein = πr
2 1−α( )S Eout = 4πr

2εσ T 4 1− ! !
4 = !"!! 

σ is the Štefan-Boltzmann constant  
S is the solar irradiance  (≈ 1366 W/m2)
α is the planetary albedo (≈ 0.29 due to aerosols, clouds, surface)
ε is the emissivity (≈ 0.61 due to greenhouse gases, clouds, surface)

Surface Properties
Rsurf is the surface albedo
Atmospheric Properties
Tatm is the transmittance of the atmosphere above 
Acld is the cloud fraction
Solar Properties
S0 is the solar constant

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Si
ng

le
 S

ca
tte

rin
g 

A
lb

ed
o 
ω

Surface Albedo Rsurf

β = 0.20
β = 0.30
β = 0.40
Simple Minded

Aerosol Heating

Aerosol Cooling
Heating or Cooling?
ΔFaer  = 0 yields the 
boundary between Cooling
and Heating depends only 
on ω, Rsurf, and β

Atmospherically relevant  
upscatter fraction  
i.e., 0.2 < β < 0.4  
(Sheridan & Ogren; 1999)

Assumption of Henyey- 
Greenstein phase function

“Simple Minded” doesn’t take  
multiple interactions into  
account 

What Determines Albedo?	  
1) Material Properties

Complex Refractive Index
m = n + ik

For BC:  n = 1.95   k = 0.79
Independent of wavelength in the visible

K = 0 ⇒ no absorption
Bulk Absorption Coefficient αabs = 4π k/λ

Penetration Depth 1/αabs ~ 55 nm
But larger k doesn’t always reduce SSA
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2) Morphology 3) Size
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size parameter x=2πr/λ

refractive index = (1.55, 0.007)

Mie theory

Large Particle Limit

Micro	  1	  

Micro 1

Micro 2

Macro

Macroscopic: Albedo Independent of Size

Microscopic 1: Albedo Increases with Size

Microscopic 2: Albedo Decreases with Size 

Importance of Aerosol Forcing


