
Abstract – A simplified approach is presented for assessing the microwave response to the initial
melting of realistically-shaped ice particles. The paper is divided into two parts: (1) a description of
the Single Particle Melting Model (SPMM): a heuristic melting simulation for ice-phase precipitation
particles of any shape or size. SPMM is applied to a pair of simulated aggregate snow particles, with
melt fractions up to 0.15 melt fraction by mass; and (2) the computation of the linearly polarized
scattering and extinction properties of microwave radiation, using the discrete dipole approximation,
at the following selected frequencies: 13.4, 35.6, 94.0 Ghz for radar applications; and 89, 165.0 and
183.31 GHz for radiometer applications. These selected frequencies are consistent with current
microwave remote sensing platforms, such as the Global Precipitation Measurement (GPM) mission.
Comparisons with conventional variable-density spherical shapes indicate significant deviations in
scattering properties throughout the initial range of melting. Integration of the single-particle
properties over an exponential particle-size distribution provides additional insight into sensitivity to
variation in size/mass, shape, melt fraction, and particle orientation.

A key issue in forward model simulations of precipitation is accurate simulation of the ice and mixed-
phase regions of a precipitating cloud.
The present research focuses on the following tasks:
(1) Development of realistic physical models of ice-phase and melting precipitation particles
(2) Computation of accurate scattering and extinction properties for the wavelengths of interest for

these particles
(3) Incorporating these properties into a retrieval algorithm or forward modeling framework

Relevant Research Goals:
(1) Develop a method for simulating the melting of a realistically-shaped ice-phase precipitation

particle.
(2) Identify parameterizations to simplify the computation of the scattering and extinction properties

for the melting particle.
(3) Determine whether more simplistic approximations provide adequate radiative properties.

Figure 1: Simulated aggregates with their constituent base shapes (top row)  [Image 
courtesy of K.-S. Kuo]  
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Still frames from a video sequence of 
a melting  dendritic branch.
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Figure 2: “Aggregate 2” consisting of dendrites, showing the full range of melting

Figure 3: “Aggregate 2” Showing the onset of melting, from 0 to 0.15 melt fraction.

Figure 4:“Aggregate 3” Showing the onset of melting, from 0 to 0.15 melt fraction.

To compute the scattering and extinction properties of these particles at various melt stages, the discrete
dipole approximation was used via the DDSCAT software (DDSCAT 7.3). DDSCAT computes the interaction of
a plane wave with a 3-D array of dipole-like points – the result is the scattering and extinction properties for
the individual particle. For aggregate 2, these properties (extinction, absorption, scattering, asymmetry, and
backscattering) were computed at 13.4, 35.6, 89.0, 94.0, 165.0, and 183.31 GHz, consistent with GMI HF
channels and DPR channels. Effective liquid equivalent radiuses ranged from 50 microns up to 2.5 mm. For
aggregate 3, only the radiative properties at 13.4 and 89.0 GHz have been computed.

At each frequency, and effective radius, the particle was rotated 75 times, and the scattering properties were
computed at each rotation. Shown below are only the rotationally-averaged quantities.

Figure 5: Scattering properties during the onset of melting (melt fractions from 0 to 0.15) for Aggregate 3  at 13.4 GHz (row 1), 
and 89 GHz (row 2).  

Figure 6: Scattering properties for aggregates 2,  3, and spheres (lines) for the onset of melting at GMI HF channels.  Shaded 
regions represent the range of variance associated with the rotation of the particle relative to the incident radiation.  

Figure 7: Two-stream brightness temperatures of a semi-infinite layer composed of hydrometeors at 89, 165, and 183.31 GHz. 
Colors represent the melt fraction, from unmelted (dark blue) to 0.15 melted (dark red).    Superimposed lines show the 
results from spherical particles of 1%, 10%, 50%, and 100% densities (relative to solid ice).   

The single-particle properties alone are not enough to use in a physical model, typically one integrates the
computed single scattering properties over a specified particle size distribution (PSD) to obtain an “integrated”
scattering property.

Assuming an exponential PSD, wherein the two parameters of the PSD are functions of the IWC, the integrated
scattering properties were computed using Aggregate 2 and 3 (not shown). These then can be converted in
to brightness temperatures (fig. 7) using a simple 2-Stream model and assuming a semi-infinite layer of
hydrometeors at 273.15 K. The radar reflectivities at Ku, Ka, and W band radars were also computed using
the integrated backscattering cross-section information (fig. 8, row 1).
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Using this model, the two base shapes below, aggregate 2 and aggregate 3, were melted to various degrees.  
For aggregate 2, the entire range of melting was performed, with a focus on the onset of melting between 
water volume fractions of 0 and 0.15.    For Aggregate 3, only the onset (0 to 0.15) of melting is shown here.

Figure 9:  Dual-frequency ratio (DFR) ZKu – ZKa, ZKu-ZW, and ZKa-ZW for the onset 
of melting.   Gray shaded regions is the range of uncertainty, lighter gray regions in (b) 
and (c) are the previous panels‘ranges – for easier visual comparison.    Panel (d) shows the DFRs versus each other.
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Figure 8:    Row 1: Simulated reflectivities vs. melt fraction for the onset of melting (13.4, 35.6, 94 GHz) with spheres.
Row 2 shows the same, except versus D0, the colorbar is melt fraction.   Row 3 is the integrated extinction vs. D0. 

Melting Simulations

Heuristic melting algorithm: 2 iterative operations: melt mode and movement mode. Can be easily run on
any desktop computer, requiring at most a few hours to simulate the entire melting process.
Melt Mode: Nearest neighbor approach, similar to cellular automata; fixed ice points having the fewest ice
neighbors melt first -- iterate.
Movement: Liquid points having only liquid neighbors are free to move, subject to the following constraints:
(i) Can only move to locations having other water neighbors, (ii) movement must always be toward the center
of mass (parallel movements allowed).
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(i) Starting with N = 0, any ice point with N or fewer ice 
neighbors (i.e., the number inside the ice points on Fig. 2), 
then the ice point is a candidate for melting.  Once no 
remaining ice particles have N or fewer neighbors, and all 
free liquid points have finished moving (see step (ii)), then N 
is incremented by one.   Repeat until the entire shape is 
melted.  

(ii) Liquid points are able to move if there are: (a) no ice 
nearest-neighbors; and (b) an empty space is available and is 
in contact with other ice or liquid points.   If a free moving 
liquid point moves into an unoccupied space having ice 
neighbors, it becomes unable to move again due to the rules 
in step (i).    

(iii) The groups of liquid points will, following rules in step (ii), 
eventually migrate toward the total center of mass of the 
particle through a weighted random walk approach.  
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