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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 = B, ~ <V?> ~ <D®> --—---- Rayleigh scattering
Lidar extinction cross section = B, ~<A> ~<D%> - Geometric optics

Where:
<V2> = average volume squared of the particles

<A> = average projected area of the particles

We can define:

D= ). ( 2.0 )0.25 , (ﬁbsRadar )0.25
eff 773']{%0 6ethz’dafr’
Where:
A..q45; = radar wavelength
k.. =dielectric constant of water

W

Where: Brattada(57) = ()  Bueae ()



The extinction cross section, [3,, can be derived from the molecular
return by taking the logarithm and then differentiating with respect
to range, r:

Sm(r)~  n(r)- 7 8?;T ‘5m<7°)'6_2f0r56("°)d"°

r2

Taking the logarithm and differentiating with respect to range
Provides the extinction cross section in terms of S_ and 3.

Belr) = 5+ Lflog("Fg )

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

Bemt 658 P(180)

In the past we used a constant value, P(180) = 0.065 , derived from direct
multiple scattering corrected HSRL extlnctlon measurements in drizzle.
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Assuming a gamma distribution of particle diameters:

N =a [ D* exp(—2 - (5-)7) - dD
Where:

N = number of particles
D = particlle Diameter
D= mode diameter

The effective diameter prime can be written as:

1
a-+6 e o ~ a-+7
D B [ D + -ea:p(—;-—DZn: .dD _ =~ Dm-I‘g(—7 )
eff [ Do+2 exp(— S .- )-dD I’(—O‘ﬁy_ )
Solving for the mode diameter, D
p(a_+3)

D, Deff ( )7-(“&))1



p180/4pi

Backscatter phase function for drizzle from Mie theory

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

Backscatter phase function vs size parameter
averaged over 0x =1 intervals.
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q backscatter

Non- Rayleigh correction to radar backscatter

Non-Rayleigh correction factor for

Backscatter efficiency for mono-disperse gamma distribution of particle sizes
particle distribution at A = 3.2 mm. o=1, y=1 (bl), P(180)/4m *87n/3 (grn)
10* : ; - 10 ]
10° _
o
10° 88
c
o
10 B
0 6
10" §
5
10° T 4
)
108 :
S 2
10"
/\
10-12 - L : \ /\ J'I |'| |||
10° 10° 10° 10° 10° 10" 10° 10°

Diameter (microns) Mode diameter (microns)



adjusted p180/4pi water,
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The radar weighted fall velocity, <V, >:
v J‘Vf.pawLﬁ.Eﬂ:p(_%.DL"f).dD
<< rf > = fDa_i_ﬁ'Emp(_g'_ﬂi ).dD

2R

2

And the mass weighted fall velocity, <V, >
a+3 D
f D.:x—{—S.E:Ep(_ L, D_T)d’D

Where the fall velocity, V; , is computed from:

Vi = 5 (31(1+ C1X2)2 — 1] — apX™)

Khovostyanov and Curry, JAS May 2005, Vol 62

2
3

b=

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:

X _ 2 volume- ppartzcie Pair'g: .D?
area-n2




radar welghted velocity, z= 0.13 km, <dv> = 0, 867 27 JuI 2013
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Spectral Width (m/s)

Radar spectral width, z=0.13 km 27-Jul-2013
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precip rate, , modified gamma, a=1.0y=1.0 27-Jul-2013
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precip (mm)

mf2hsrl-MWACR preC|p, z = 0. 13 km 27 JuI 2013
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2oFemm 2N gauge Rain rate vs time 27-Jul-2013
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%;Siéja"“ vs D, .4 from Mie theory using gamma distribution
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D§) pler vel vs deff

Doppler velocity (m/s)
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Sp_gctral width vs deff
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