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Fuzzy Logic Classification of Three-Body S'Cétt"erihg from S-band Polarimetric Radar Measurements
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Introduction Statistics of Radar Variables | Development of the S-band Membership

- The three-body scatter signature (TBSS) is a radar artifact T [ Functions
~ that appears downrange from a high radar reflectivity core .
In a thunderstorm. The TBSS occurs as a result of multiple
(three-body) scattering of large hail when the radar-
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As in Park et al. (2009), the membership functions were fit
to trapezoidal functions. The following criteria from the
collected data were used to determine the four parameters
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transmitted electromagnetic wave is scattered by hail to the in the five trapezoidal membership functions: T

ground, bounced back to the hail, and then scattered to the . x.:0.5 percentile P T S
radar (Zrnic” 1987). Since the TBSS is a radar artifact, R R 1: ' . | | @ ;
identification is useful for quality control of radar data used T * X, 20" percentile -
In numerical weather prediction (NWP) and quantitative ” | — * X,: 80t percentile and x., , 2
precipitation  estimation (QPE). Therefore, it is * X, 99.51 percentile ol LY f‘ - N
advantageous to develop a method to identify the TBSS In P(X) ranges from 0 to 1. .. o x | | o [

radar data for operational use. * Figure 4. Trapezoidal membership function.
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We_lghts were SUbjECtIV6|y determined by comparing the Figure 6. Example event from KBMX associated with 7.6 cm haill.
derlved parameters to the Other 10 ClasseS- ZH(dBZ)at29-Mar-201323:41:54UTC(1.29°) ZH(dBZ)at29-|\/|ar—201323:41:54UTC(1.29°)

Figure 2. The distribution of (a) radar reflectivity factor (Z,), (b) differential reflectivity

| WS
/4

‘ ' DS

’
A | 50+ ‘¢ > R BS
+
[From Park et al. (2009)] ~ ey .
4-560 -55 -50 -45 -40 -35 -30 -25 ' 4-560 -55 -50 -45 -40 -35 -30 -25

(Zpr), (€) copolar correlation coefficient (pp,,), and (d) the standard deviation of Z,, = Taple 1. Parameters of the trapezoidal S-band membership functions for the TBSS . 0 "
[SD(Z,,)] iIn 2975 radar gates from 50 three-body scatter signatures (TBSSS). class. ) ' 50
SR, s P[Z,,(dB2)] | PIZpr(dB)] | P(py,) | PISD(Z,,)(dB)] | PISD(®pp)(° )] B o .
X, 5 5.9 | 0.00 0 0
B X 0 2.2 |o0.28 1.0 10
iy X5 10 8.0 0.77 3.5 50
| | | X, 25 12.0 | 0.92 11 90
Figure 1. Schematic of the three-body scatter signature (TBSS). .| " 100} T - T R
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Polarimetric radar data collected by the dual-polarization P Hard threshold checks If at least one radar gate with radar
KOUN Weather Surveillance Radar-1988 Doppler (WSR- i reflectivity 2 58 dBZ and at least one radar gate with a
88D) on 14 June 2011 were extracted to develop S-band hail/rain classification Is downrange at least 10 km (40
trapezoidal membership functions for a TBSS class of gates) from a possible TBSS classification. If not, checks i
radar echo. = at least one radar gate with a TBSS classification Is at least IR SN | SO
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2 km down range. Figure 7. Example event from KTLX associated with 6.4 cm hail.
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the radar echo: differential phase [SD(®Pyp)], (b) measured radial velocity, and (c) spectrum width. T N T e M R: \‘\Wv I | \‘& > S ap
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3) copolar cross-correlation coefficient (py, )

4) the standard deviation of horizontal radar reflectivity BECAr gafSRsiiFggregation value, A;, for the il L | ok v’ -
factor (SD[Z,.] class (=1, 2...11) of radar echoes is calculated. A, Is Y s ancas
L - _ _ defined as (Park et al. 2009): R SR S RN Iffs
5) the standard deviation of differential phase 5w p@ (V) e e . I o - 3
(SD[®Pp)) A; = — W £ =
 Nearly 3000 radar gates were extracted from 50 TBSSs ]5-=1 Wi; AN RS N
to statlstlca.llly deveIF)p the membership functions B where P®(V,) is the trapezoidal membership function for the jt N 2l \\\\ Y 15
* Membership functions were added to a modified variable for the i class, and W; is a weight between 0 and 1 B s R
hydrometeor classitication algorithm (HCA) based upon assigned to the i" class and ji variable. The classification of T e S e S e
Park et al. (2009) to |dent|fy TBSSs the radar echo 1s determined by which class has the |argest T e ey T B i iy A Figure 8. Example event from KICT associated with 5.1 cm halll.
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M"-‘a TeStlr']g B O d'ata N by o Confidence vectors were not used In this stud scatterers (BS); 3) dry aggregated snow (DS); 4) wet snow (WS); 5) crystals (CR); ©) Zrnic” a[r))pISICailgg;'oT?\r;el\g%%d\)//Vs?étf;Eﬁga;,:cl)rll%czei’ gr?é(z:i;?:[i.on signature of special
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events that were associated with TBSSs 10) a mixture of rain and hail (RH); and 11) three-body scatter signature (TBSS). 2 ' i |
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