








HSRL-Radar particle size measurement 

For droplets which  are small compared to the radar wavelength 
but large compared to the lidar wavelength: 
 
Radar scattering cross section =  βradar ~ <V2>  ~ <D6>  ------- Rayleigh scattering 
Lidar extinction cross section   =  βlidar    ~ <A>  ~ <D2>  ------- Geometric optics 
 
Where: 
                                      <V2> = average volume squared of the particles 
                                      <A>  = average projected area of the particles 
 
We can define: 

Where: 
                                      λradar = radar wavelength 
                                      kw       = dielectric constant of water 

Where: 



The extinction cross section, βe , can be derived from the molecular  
return by taking the logarithm and then differentiating with respect  
to range, r: 

Unfortunately, the geometric correction, η(r), does not cancel out: 

Taking the logarithm and differentiating with respect to range 
Provides the extinction cross section in terms of Sm and βm : 





The HSRL provides robustly calibrated retrievals of the backscatter cross section. 
Thus given a value for the backscatter phase function we can derive the extinction 
cross section from: 

In the past we used a constant value,                               , derived from direct  
multiple scattering corrected HSRL extinction measurements in drizzle.  





Assuming a gamma distribution of particle diameters: 
 

Where: 
        N = number of particles 
        D = particlle Diameter 
        Dm= mode diameter 
 
The effective diameter prime can be  written as: 

Solving for the mode diameter, Dm: 



Backscatter phase function for drizzle from Mie theory  

Backscatter phase function vs size parameter 
         averaged over δx =1 intervals. 

Backscatter phase function vs mode 
diameter after smoothing over gamma 
distribution of particles sizes, λ  = 532nm.  

Gamma distribution: 

α=1, γ=2 

α=1, γ=1 



Mode diameter (microns) Diameter (microns) 

Backscatter efficiency for mono-disperse 
particle distribution at λ = 3.2 mm. 

Non-Rayleigh correction factor for 
gamma distribution of particle sizes 
α=1, γ =1 (bl), P(180)/4π ∗8π/3 (grn) 

Non- Rayleigh correction to radar backscatter 







The radar weighted fall velocity, <Vrf>: 

Where the fall velocity, Vf  , is computed from: 

And the mass weighted fall velocity, <Vmf>: 

And the Beard Number, X expressed in terms of particle area, volume and 
density along with the acceleration of gravity, air density, particle diameter 
and the dynamic viscosity: 
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 to 1.6 mm 





α=1, γ=2 

α=1, γ=1 

from Mie theory using gamma distribution 

λ lidar = 532 nm 
λ  radar = 3.2 mm 
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