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Models have great difficulty predicting the lifetime of Arctic clouds



Eureka

Arctic HSRL   λ=532nm

Millimeter wave radar  λ=8.6 mm









Lidar-Radar Measurement of Effective Diame
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





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:



Using the gamma size distribution model, the Best #  based fall velocity model, 
and spheroid representation of particles we can generate the following plot.





Doppler velocity vs. Deff prime below melting layer



Doppler velocity vs. Deff prime in snow layer 































Error due to turbulence broadening of velocity spectra

The fall velocity spectrum may be 
broadened by turbulence within the
radar averaging volume—here we 
show spectra for very slowly falling 
particles broadened by turbulence

When the low velocity edge is assumed to 
be generated by particles with negligible
fall velocity, the particles appear to be falling
much faster in a rising air mass.



Error due to  the absence of small particles detected by radar

Small particles may not be present
or their returns may be below the noise
floor of the radar. Larger, faster falling
particles may be detected generating
spectra displayed from zero without any
vertical motion of the air.

When the low velocity edge of the
spectra is assumed to be generated 
By particles with negligible fall velocity,
the particles appear to fall too slowly
In a downward moving air mass.



Looking for more information
and better algorithms
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