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We discuss how we expect the optical depth of an aerosol cloud to change, were the particles 

within it to clump together. 

Stothers (1997) compiles observations of wavelength-dependent optical depth for aerosol clouds 

from several large volcanic eruptions.  Optical depth   is shown to vary with wavelength   as 

approximately       (see Figure).  This behavior implicitly includes the effect of the particle 

size distribution, since the measurements are for natural clouds containing particles of many 

sizes. 

To first order, light scattering is only sensitive the ratio of particle radius   and wavelength  ; 

that is, to      .  Thus, if we were somehow able to double the radius of all the particles in the 

cloud by a factor, say, of two, but hold the number of particles fixed, then for fixed wavelength, 

the optical depth would decrease by a factor of two. 

However, if the increase in particle size were accomplished by clumping-together groups of eight 

particles of the same size, then radius of all the particles in the cloud would double and the 

number of particles in every size range would decrease by a factor of eight. The overall particle 

density would drop by a factor of eight.  Since, in the single scattering approximation, optical 

thickness depends linearly on the particle density, the decrease in density would cause the optical 

thickness (at fixed wavelength) to decrease by a factor of eight. 

Overall, we expect that a doubling of particle radii by a clumping-together mechanism would 

cause optical thickness (at fixed wavelength to decrease by a factor of       . 

Stothers’ (1997) Table 1. 

 



 

 

Figure.  Log-log plot of optical depth   vs. wavelength   for selected data from Stother (1997, 

his Table 1). The 1912 (blue) and  1913 (red) data are shown, together with the comparison 

curve             . 
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