
Shannon Rodr íguez
under the supervision of
Sandra L . Cruz-Pol, Ph.D.
Center for Cloud Microwave Measurements of Atmospheric Events
Electrical and Computer Engineering Department
University of Puerto Rico at Mayagüez

and
Stephen M. Sekelsky, Ph. D.
Microwave Remote Sensing Laboratory
Electrical and Computer Engineering Department
University of Massachusetts at Amherst

� � � � � � � � 	 
 �� � 
� � �
 	 
� � � � � � �
� � � � 
 � 
� � � � � 
	 � � � 
� � � � 
 � � �

� 
 � 
 �



Different Types of Clouds

� Cir rus - high clouds (above 6000m), 
white and thin. Ice crystals.

� Cumulus - middle clouds (2000-6000m), 
globular  individual cloud masses. Water  
droplets.

� Stratus - low clouds, sheets or  layers.



Importance of Study

� Clouds play an 
important roll in the 
climate system  
through their 
effects on the 
earth’s radiation 
budget.



Microphysics:
� Ice water content

� Crystal Size 
Distribution

� Crystal’s shape
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To make the bullet and bullet rosettes 
model:

From the National Center for 
Atmospheric Research (NCAR):

Video Ice Par ticle Sampler  
(VIPS) 



Assumptions
� 
 �� 
� � � 
 � � � � � 
� 
 	 
� � for 
Ka - band (33GHz, 0 =  9.1 mm)

� 
� � � � � � � � for   W - band 
(95GHz, 0 = 3.2 mm)

� � � � �� �

•0.9 gm-3 Constant

•0.078 L 0.00380 gm-3

Heymsfield density

� � 	 
 � �� � �
 �� � 	 � � � ��

� � � � � � �	 � � � � � �
 	 � �� � ��



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

Polarizable dipoles array over a cubic lattice 
describing a sphere

5.0<kdm

• mas the complex refractive 
index of the object material

• k as the wavenumber of the 
surrounding medium 

• d is the minimum distance 
that should exist between 
dipole

DDScat Software

Dipoles criterion:



Bullet Toolbox for DDScat
A subroutine for bullets and 
bullet rosettes was created:

Hexagon 
plates

Sphere

Bullet 
Rosettes

DDSCAT

Backscattering 
from target selected

DDScat.par:

Par1=L   (longitude bullet)

Par2= B (Number of bullets)

DDScat.par
•shape
•wavelength
•refractive index
•etc.



Dual Wavelength Ratio (DWR)

9533 dBdB ZZDWR -=

•l is the 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, xb, for both frequencies is 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.
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Process for  simulation

IDL  
Program

DWR

Refraction 
index m, 

wavelength, 
particle size

Back scattering  
from target IDL 

Program

DDSCAT

ddscat.par

Bullet’s density 
function

Refraction index 
for solid ice

• N =  23,004 dipoles

• m =1.04595 + j4.459e-5



Backscatter ing from Bullet Simulation @ 95 GHz
Top traces are for density as a function of L, while the bottom group of 
traces is given with r constant.



Backscatter ing from Bullet Simulation @ 33 GHz
Top traces are for density as a function of L, and the bottom group 
of traces is given with r constant.



DWR Results

Index of refraction and bulk 
density used by Aydin
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•Both plots were calculated using 15,692 dipoles for the DDScat code.

Index of refraction and density 
as a function of length



CONCLUSIONS

� Important 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.
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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, Ze, and 
simulated backscattering of ice crystals, xxxxe, and 
compare it with actual N(D) measured by 
airborne instrument.
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QUESTIONS


