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Different Types of Clouds




|mportance of Study

Clouds play an
Important roll in the
climate system
through their
effects on the

earth’ s radiation
budget.
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To make the bullet and bullet rosettes
model:

From the National Center for
Atmospheric Research (NCAR):

Video | ce Particle Sampler
(VIPS)



Assumptions

for
K, - band (33GHz, A, = 9.1 mm)

0.9 gm3 Constant

for W - band «0.078 L 000380 g3
(95GHz, A, = 3.2 mm) Heymsfield density



DDScat Software

- Replace the target’ s geometry
by an array of N dipoles.

Dipoles criterion:
imkd <0.5

e masthe complex refractive
iIndex of the object material

e k asthe wavenumber of the
surrounding medium

e d isthe minimum distance

that should exist between

Polarizable dipoles array over acubic lattice di pol e
describing a sphere



Bullet Toolbox for DDScat

A subroutine for bullets and

bullet rosettes was created:
DD Scat.par
eshape DDScat.par:
Hexagon swavelength _
plates | |. erefractive index Par1=L (longitude bullet)
e Par2= B (Number of bullets)

Bullet[] .-~ DDSCAT

Rosettes
!

Backscattering
from target selected



Dual Wavelength Ratio (DWR)
DWR = Z4g33 - Zggos

v D
xo(D,/,r)D** "exp - (3.67+m— dD

Z =10log
Kwl/ )‘2 0 Do

*/ isthe wavelength

K is an dimensionless quantity that depends on the index of refraction and on the
density (for ice we assumed 0.176 for both frequencies).

The backscattering, x;, for both frequenciesis given by DDSCAT and the target’s
diameter, D.

*The parameter /mdescribes the order of the gamma distribution and can be values
between 8 and - 3.




Process for smulation

Bullet’ s density Refraction inaex

unction

for solid ice

Refraction

A 4

ddscat.par/  indexm,
/ wavelength,

v particle size

[DDSCAT}

IDL

Program

Back scattering
from target

IDL
Program

DWR

* N = 23,004 dipoles
e m=1.04595 + j4.459e-5



Backscattering from Bullet Simulation @ 95 GHz

Top traces are for density as a function of L, while the bottom group of
tracesisgiven with r constant.



Backscattering from Bullet Smulation @ 33 GHz

Top traces are for density as a function of L, and the bottom group
of tracesis given with r constant.



DWR Reaults

*Both plots were calculated using 15,692 dipoles for the DD Scat code.

Index of refraction and bulk Index of refraction and density
density used by Aydin as afunction of length



CONCLUSIONS

# $ % "&
|mportant differences where observed when using constant
vs. variable ice density.

For the bullet rosette, the use of a constant density 0.9 g
cm 3 does not correspond to the typical shape nor
temperature of the bullet.

Our assumption has a big effect on ice crystal
backscattering.

Consistent results on backscattering where found
using 6,000 or more dipoles.



FUTURE WORK

Retrieve the ice particle’s size distribution, N(D),
using radar reflectivity measurements, Z_, and
simulated backscattering of ice crystals, x,, and
compare it with actual N(D) measured by
alrborne instrument.
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