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Lidar-Radar Measurement of Effective Diameter

Radar scattering cross section ~ <Mass 2> ~ ρ <Volume 2> ~ D 6

Lidar scattering cross section ~ <Area>   ~   D 2

Deff_prime ~
<Radar scattering cross section>
<Lidar scattering cross section>(( )4

Notice that this differs for the usual  definition:

Deff =
<Particle volume>
<Particle area>





Photos by Kenneth Libbrecht

Problem: 
Ice crystals are not spherical



Hex columns



Spheroid model to represent measureable properties of a snowflake

Top view

Side view

Radar backscatter ~ particle concentration <mass2>
Lidar extinction   ~  particle concentration <projected area>
Fall Velocity        ~ F(mass, projected area)

D

h

projected area = π/4 D2

h = a Dζ (Auer and Veal )

mass = π/6 D2h

We assume a modified Gamma distribution
N(D) ~ Dαexp(-bDγ)



Integrating over the size distribution N(D) to derive D’eff

D’eff=
9<V2>
π<A>

a2 D4D2ζ N(D)dD

D2N(D)dD
=

4 4
=

2λ4βradar
π3k2

iceβs

4

<Vf> = 
Vf D4D2ζ N(D)dD
D4D2ζ N(D)dD

Vf =(η/(ρair D)){(d2
o/4)[(1+C1X1/2)1/2 –aoXbo}

Radar reflectivity weighted fall velocity:

Fall velocity is parameterized in terms of X, the Best # :

X=(2 mass ρair g D2)/(area η2)

The size distribution and the spheroid model are used to compute the 
observable quanities:







Doppler velocity vs. Deff prime below melting layer



Doppler velocity vs. Deff prime in snow layer 







Cumulative snowfall with ζ determined from fall 
velocity vs D’effCCuJJJan 2007.



   













Barrow

Eureka



Total precipitation Jan 07 for assumed values of zeta
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