The Twomey Effect

Twomey effect
• The paper(s) that “started it all”
– Precursor papers
• Physical basis for growth of cloud droplets dates back
to equations for diffusional growth from Maxwell
(1800s). Applied to cloud droplet growth by Kraus and
Smith (1949), Howell (1949), Squires (1952).
• Influence of composition of aerosol particles by Köhler
(1921)
• Twomey’s own prior work (e.g. Twomey 1959, Twomey
and Warner 1967) provided a clear influence of the
concentration of aerosol particles on the concentration
of cloud droplets
• Theoretical basis covered in ATMS 535

Twomey, S., and J. Warner, 1967: Comparison of
Measurements of Cloud Droplets and Cloud Nuclei. J.
Atmos. Sci., 24, 702–3
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Twomey effect
a.k.a. the first aerosol indirect effect

A little math
•

In the geometric limit where the drop size is larger than the wavelength of
light (r>), scattering of light is proportional to the total droplet surface
area per volume [Qext=2 in Twomey’s Eqn. (1)]

•

In the visible (where solar energy is most intense), =0.4‐0.8 micron, r for
cloud drops typically 5‐15 microns.

•

Surface area of one drop:

•

Surface area of N drops per unit volume = 4

•

Optical thickness

•

Liquid water content L = 4/3

•

Substitute for L into expression for optical thickness:

•

Or, eliminating r and retaining N, we can write ∝

•

Twomey’s key result: For fixed liquid water content and cloud thickness,
optical thickness increases with /
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Relationship between solar reflectance and
optical thickness
Albedo increase with optical thickness, but is a concave function:

albedo

•

Beyond Twomey
Combine Twomey’s expression for optical thickness:
/
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with simple expression for albedo,
/
7 , to estimate the rate of
change of albedo with N (termed the albedo susceptibility, Platnick and
Twomey 1994), to obtain:
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This form, although not in the original Twomey (1974,77) papers, is the most
instructive way to visualize the key results:
• Clouds with low N are most susceptible to an increase in N
• Clouds with albedos  0.5 are more susceptible to increases in N than
clouds with either lower or higher albedo.
Platnick, S., and S. Twomey, 1994: Determining the Susceptibility of Cloud Albedo to Changes in Droplet
Concentration with the Advanced Very High Resolution Radiometer. Journal of Applied Meteorology 33, 334–47.

Albedo susceptibility estimates from space
•

MODIS instrument
(multi‐spectral
radiometer) can
estimate cloud
optical thickness
and effective radius
to estimate

Oreopoulos, L., and S. Platnick, 2008: Radiative Susceptibility of Cloudy Atmospheres to Droplet Number
Perturbations: 2. Global Analysis from MODIS. Journal of Geophysical Research 113, doi:10.1029/2007JD009655.

