A Fast Model for Microwave Scattering by Nonspherical Particles
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Motivation Improvements in Density Parameterization

Aggregate snowflakes are large, irregular hydrometeors which comprise a substantial portion of in-cloud _ 5 Quridea What we compare performance with:
1C€. Modehng their sc.atter s propet t1.es (e.g. backscatter cross s§ct10ns) is important. Several techniques, NPV ¥ery > Fach aggregate lattice is analyzed by constructing its truncated Voronoi ~ Our two density formulations were compared against five others: a
such as the discrete dipole approximation (DDA) and the T-matrix method (TMM) are commonly used to U oY . S . . ; . . o
, , , ——~" diagram. Each ice-filled lattice site is used as a generating point, and the constant 0.1 g/cm’ density approach; a circumscribing sphere approach
model such properties. In recent years, the DDA has been the algorithm of choice for large, dense aggregates |4 )5 . . . . . . . .
, ) , , , N/ diagram shows how differentice elements are spatially connectedtoeach ~ with diameter matching the distance between the two furthest ice
(Figure 1). A snowflakes volume is represented using a fine lattice, and the DDA represents each volume @{T Y=l DN . . . . 1 . . . . .
. , . . . R e WD - ) @@ other. If a point has no neighbors on a particular side within a specified particles (used in Heymsfield et al. [2002], Liu [2004] and Liao et al.
element as a dipole and determines the electromagnetic response of all of these dipoles. This approach is === ) . . . . , , — . o L .
o . , O sapEmEpEr | o aan— distance, then this point is classified as being on the ‘surface. All other [2013]); a circumscribing ellipsoid (Matrosov [2007], Kniefel et al.
accurate, though very slow, as the radiative response must account for multiple scattering among lattice CEGSSAT N AN I . .. C e . :
, , , r , o - eSS points are on the ‘interior’ (Figure 3). Two approaches are considered: [2011], Tyynela et al. [2011], Hogan et al. [2012]); the root mean square
sites. The need for modeling many aggregate particles at many frequencies limits the DDA feasibility. N T Xy

. . - The contour of the interior region has a known mass and a known PP roach (Petty and Huang [2010]); and a radius of gyration approach
The TMM typically assumes a homogeneous smooth shape, such as a sphere or ellipsoid. It preserves mass volume. Density = mass / volume, and the interior contains, on average, (Osharin [1994], Westbrook et al. [2006]).

eflnd, thﬁ’ouglﬁ tgeDzﬁeIfItlve med.lum aIl)lp roxm?gtlon, ba mea}sillre dc‘){ff den31tt)y. Lt is several mllllqns oth.lmes Figure 3 - YOYOI}Oi)dfagf%m- 75% of each aggregate’s mass. We approximate the remaining 25%’s  All calculations use the dielectric relation of Bohren and Battan [1980].
aster than the . However, it usually provides substantially different backscatter cross sections (Figure  based classification of points density in Honeyager et al. [2016] with a linear relation.
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2). By improving how we parameterize an aggregate’s effective density, we present an algorithm that yields into interior (dark and Figure 4 (right) - Aggregate from Figure 1,
results that agree much better with the DDA. Eventual applications of this approach may include: fastand =~ edium gray) and surface - We can contour the surface points using the Power Crust algorithm overlaid with a surface contour identified
' ' light gray) points. : - . : : .
reasonable backscatter results for many aggregate morphologies (e.g. radar validation) at many frequencies (ight gray) p [Amenta et al. 1998], and define effective density with this contour using the Power Crust algorithm.
(e.g. for dual- and triple-frequency analysis), and for very large and melting particles. (Figure 4).
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Figure 1 - An example of a bullet rosette Figure 2 - Mie theory results (curves) compared with DDA results (points) at 94 GHz Figure 5 - Error, in decibels, of TMM backscatter relative to the DDA. Results are grouped into bins according to maximum flake
aggregate found in our database. for Honeyager et al. [2016] aggregates. Top left: normalized backscatter cross section; diameter, shown on the x axis. Three radar frequencies are shown, corresponding to the K , K , and W bands.

In Figure 5:

top right: normalized scattering cross section; bottom: asymmetry parameter. Solid
sphere Mie theory is shown in dark gray, and Mie results for constant-density 0.1 o At the Rayleigh regime, it is evident that the Bohren and Battan [1980] dielectric does not perform

g/cm” spheres are shown in light gray. Mie theory is a special case of the TMM for ] for bullet rosette aggregates. An alternate dielectric for bullet rosette aggregates is presented in C ONC I USIONS
spheres. . oy : )
Hogan, Honeyager and Tyynela [2017], but the application to the TMM is ongoing.
Ag g reg ate M Od el o At 35.6 GHz, the constant, CS, CE and RMS approaches substantially underestimate backscatter for Two improved density estimation methods were developed and used to improve
aggregates above 2-6 mm in length. Error eventually exceeds -10 dB. The " " 136 GHz o  356GHz the accuracy of T-matrix backscatter calculations for aggregate snowflakes. These

« Our aggregate particles are agglutinations of 6-armed bullet rosette monomers (see Figure 1). Two sizes Voronoi diagram-based methods provide an excellent match to DDA’ 530%- i% 75% methods were tested against aggregates that were constructed from realistic
of bullet rosettes are used, with diameters of 200 and 400 um. These bullet rosettes closely match the size backscatter throughout all of this domain. & 20% | [—“—‘E s0% | L monomers and obey observed particle size / density and aspect ratio relations.

/ density relation observed in Heymstfield et al. [2002]. o At94 GHz, thereisastrong resonance peak in both DDA and TMM results % ol £ — % 050 | // : The improved methods estimate density by separating a particles mass into

« When aggregated, the resulting particles agree with the Brandes et al. [2007] relationship to within 20%; near 2-3 mm. Mispredictions of the peak location dominate the error here. * " o } . {’ internal and surface regions, and then establishing closed contours to define the
the size-density relation also closely matches recent observations from Tiira et al. [2016]. Above 6 mm, the Voronoi diagram-based methods perform the best, with P lesRmmin . C P lesrmmin . C volume used in calculating density. This approach avoids the unphysical decline

. . 150% - | . . . . . .

« Threedifferentaspectratioformulations are considered. Generally spheroidal particles, possessing aspect error to within 3 dB. < 125% | okl - | in backscatter Ob,ser\,fef, 1n o(;her fe(ffectlve I:;,edllu L Sp her.e cal.culatl(ins.lAté3.6land
ratios near 0.8 — 1, correspond to observations from Magono and Nakamura [1965] and Brandes et al. Figure 6 shows the error (expressed in percent) of the volume- 1ntegrated Z100% _— ] cﬁﬁéﬁﬁﬁ%ﬁﬁi 35 d6 (}}IHZ’ cITor 1(81W1t. h 2d E Ob discl et'ehllil O e?fp P 1‘.0X1ma;1.0n-c;1 ¢t atle - VALUES,
[2007]. There are 557 rounded aggregates. Additionally, 240 oblate and 180 prolate aggregates are also backscatter assuming the Sekhon-Srivastava [1970] particle size distributions. “a% 8% - = = S Radivs o E%?::E — and t .1161501‘ dls f)mmate ) 1§su§s WItAt 92 eGIe—Ithe e .1un? hc?rnlu da;o\l/lv}(ll -
considered, with aspect ratios around 0.6. These correspond to observations from Brandes et al. [2007]. |, The Voronoi-based methods have the lowest relative error A | 01836 glom? not Wl,t t N eI,lSIt,Y P a.ram.eterlzatmn) A & CHTOT 19 WIthin - el

| | - | ‘ LS = - “Verono a particle size distribution is used, the percent error in integrated backscatter is

‘ P}*lggr eg}ellte r esultsdar ¢ tI)’Ulbhd}’ a\(;allable lfr om our website (cir rus.met.ﬁsu.edu) andf through contacting , This error is mostly independent of snowfall rate. Mo o5 (1 N )115 2 always within 25%. Due to its superior accuracy and performance, the use of these
the authors. Our database provides single scattering properties at ten frequencies from 10.65 to 183.31 . Ve error (%) i - - icati '

p 8 & PTOp q DDA computation times averaged one particle / (frequency * temperature * F1gure6- Relative error (%) in the volume-integrated backscatter |techniques are suggested for for applications where backscatters for many varied
GHz at 263 K. ) , cross sections at three frequencies. Assuming the Sekhon and aggregate models are desirable.
déyh' 12p I'}(ICGSSOI’ COI‘. eS)i All cor l‘eSI}DI (?ndlng TMM results were comp uted Srivastava [1970] size distribution, as a function of liquid-
within one hour on a single-core machine. equivalent snowfall rate. Allreferences here arelisted in the adjacent papers, which present a more in-depth discussion.




