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Discrimination algorithm of precipitation type using
X-band polarimetric radar

Ji-Young Gu

Department of Environmental Atmospheric Sciences, Graduate School
Pukyong National University

Abstract

The purpose of this study is to develop an algorithm for the
discrimination of several precipitation(snow, rain, snow  and
graupel-mixed, graupel, sleet) types from two simple variables ;
horizontal  reflectivity(Zun) and  differential  reflectivity(Zpr) by
polarimetric radar.

Polarimetric radar data were collected by the X-band polarimetric
radar(X-POL), located at Nagaoka(138°53'E, 37°25’N, 97m ASL), Niigata
Prefecture in Japan from 20 January to 18 February, 2000. The
information of precipitation type at surface was obtained from

instrument of [snow particle type sensor system] and sounding data



were obtained from aerological observation site located at
Wajima(136°90'E, 37°38'N) in Japan.

As a result, snow and graupel(S/G) and graupel’s show
sporadically radar echo flow in RHI and CAPPI images, however, snow,
rain and sleet’s show steady radar echo flow. Horizontal reflectivity(Zym)
values were 0.0~+16.0, -6.0~+22.0, -80~+16.0, +4.0~+20.0, 0.0~+18.0
in snow, rain, graupel, snow and graupel(S/G) and sleet case,
respectively and differential reflectivity(Zpr) values were -1.8~-0.8, -2.
0~00, -22~ -08, -1.8~-08, -20~-04 each other. The distribution of
vertical values of Zunw and Zpr were varied according to each
precipitation type.

Discrimination algorithm of precipitation type was developed using
distribution of polarimetric values(Zun, Zpr) and it may be useful to

discriminate each precipitation type.
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L rec'.eiver' \' Zpy Ly

Fig. 1. Electric field for (a) horizontal polarized transmissions

and (b) polarization types.
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Fig. 2. Observation view of X-band polarimetric radar(NIED) in
Nagaoka, Niigata Prefecture, Japan.



@® Ground surface observation dte
Il Sounding obsexvation ste

Fig. 3. X-POL radar site, ground surface observation site and
sounding observation site located at Nagaoka (138°53'E,
37°25'N, 97m ASL), Niigata Prefecture in Japan.
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Table 1. Specifications of X-band polarimetric radar(NIED), Japan

Item X-Polarimetric Radar
Frequency 9.45 GHz
Antenna Gain 446 dB
Beam Width 11° In Horizontal and Vertical
Peak Power 40 kW
PRF 1000 Hz (Polarimetric Mode)
Nyquist Velocity 16 m/s(47.6 m/s, max.)
Observation Range 64 km
Polarization Horizontal and Vertical

dolt ZtsE 2000 19 209 %8 29 18Y7tA] 713 ZFol AA 7%
T7F 9 g FelA Aol SrbA AP Est Hom 308 ol A&d™
Az AR E dEsigion, 25 FaEFe AGBS AHAM A9
[Snow particle type sensor system] Z3#E ol&sld AAs G Ale=
deolt o] @xtet A7+ Table 29 2t}
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Table 2. Observation date and time of each type precipitation

during 20 January to 18 February 2000

Snow :
Snow and Graupel  Sleet Rain
Graupel
1 Feb. 4 Feb. 24 Jan. 8 Feb. 23 Jan.
09:59 13:04 21:39 13:21 22:49
10:09 13:24 31:49 13:32 22:59
21:59 23:09
) 15 Feb. 11 Feb. 25 Jan 12 Feb. . 12 Feb.
Observation
07:01 12:38 04:49 11:03 21:51
date and
] 07:11 12:48 04:59 11:13 22:02
time
07:22 12:58 18:59 22:12
18 Feb. 17 Feb. . 16 Feb. : 15 Feb. 14 Feb.
00:23 09:21 17:57 00:03 22:12
00:34 09:31 18:17 00:13 22:22
00:44 23:02

dole Az Wele 3 64 km, 2 5 km 9 Ago|n o) F

A AEd AEe AdHE Amcke vus A AGBRS WS

in]

ofy

Ao 3 x3km Ase A9 ArES ALEsierh
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2.3 Snow particle type sensor system %3
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Zke] #etA 5A)E ol&3td, A4 FHE F 671« e (Rain, Graupel,
Snow, Wet snow, Mixed(Snow/Graupel), Mixed(Rain/Snow))& ¥ 3}¢]
o 2 Aol = 57}A] & el (Rain, Graupel, Snow,
Mixed(Snow/Graupel), Sleet(wet snow, rain/snow)® TH3td Al&39
t}. Fig. 4 £ [snow particle type sensor system] ¢ &1} AMMS9 ¥
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Fig. 4. "Snow particle type sensor system,; developed by Dr.
Tamura in Japan.
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MZEFoZ  140kmel AT A8 Wajima® 123 #FA H(136°90'E,
37°38'N)e] nE/1 ARE AgsPon, B M AAE Fig 3% 2
o AA #Fo] o]FoX Niigata®d 2] Nagaoka(138°53'E, 37°25'N, 97m
ASLel= 13714 %5 Axol X8k %ot 1% /b 2HIF Wajima
A9 15714 BE ARE Asad
2% ge Fuo148H S48 Fotwsl A8 dold AE7 ALS
ARE AgRET 1EW £E D
HEeES REstel @5 A9 Eoh 99 nEEE /lew wgene
Tl dRugon, FFRRE 541 YUS A 2459
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[Snow particle type sensor system] #3ol| o|% Zrdejdg zt 7t
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Fig. 5 snow and graupel(S/G) case & 2%, o3 ¥ o] snow case
¢} rain case Bt ¥& 5 km 1 =oA yvEldz, F Fee #Hd 08
mm/Smin. 22X snow ¢ rain ¢ ASRUY JAHOR F& grow e}
Wk A 712 He 25 T A=A oY snow and graupel(S/G) ©] ©
8 123021 13:00 Bl 0 Cell 7hgAl 284 3tAsteE 2E&e el
WA RHI o|v] Aol A Az vl gk omgo] 2asuA #Y

93 9eg ¢ 4 Ak CAPPL o]ulxolse oled olage] o] vl
A ME $5% HelFe BAW £ Ao,

Fig. 69 rain case® 749, #@lol RWFALE7} snow case BUy A&
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Fig. 5. (a) time series data of precipitation type collected by '

Snow particle type sensor system ; , (b)vertical cross section
of reflectivity and (c¢) constant altitude plan position
indicator (CAPPID of snow and graupel(S/G) case in 11
Feb. 2000.
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Fig. 7. The same as Fig. 5 but for sleet case in 15 Feb. 2000.
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Fig. 84 Graupel case? 74 snow and graupel(S/G) case 9 H]5:3
A vwE 2 o3 ©a A9Ez A3 oliZEe] FYds & & 5 gl
o aeiv 2 2t 025 mm/Smin, 2A vy i FEE B oy,
=hEeE -l ~ 2 C BER UE g dHEo vl dudez v g
< 7hdcTh CAPPL olv] Aol X #old o7t A Heln], £E % va ¥

w2 A by,

e

Fig. 99 7449 Z¢ Agd ux¥Z 0~30 dBZ9 A= ¢ 2~15
m/sec®] AMEEE 7h7 Aol szt B4 wEke M dE ko g xelst
I 3, ouf, olFE @R o 3 km TE FEol YA Yok xAY
[Snow particle type sensor system] #Z ZA 3} theF 2417 5< snow7}

A&HAon FA ZFee HAd 035 mmSmin =S HERRATH

o}l A snow and graupel(S/G), graupel caseE 2 7% snow, rain,
sleet®] 37}A] casest= €8 2 oz @€ AgHog wdyo] {25
= doly d3ZE &J T F ARy, o= graupeld] Ao Had F

B2 71de] EdAAEE HoErh

- 21 -



203 3

& Am, 2

g0z - 1 £
(a) % o &

=Q1p C VAT ‘L §

E " VY - qE

< v

ool v vy d T e 2

Q00 1:00 2:00 300 400 %00 600 7:00 800 9:.00 1X00 11:00 1200 1300 1400 1500 16:00 17:00 1800 19:00 20:00 21:00 22:00 23:00

ZHH graupel_ 02161757

(b)

Height (km)

Range (km)

Nagaoka CAPPI 2000 02 18 1758JST
Snowfall at 1.6km ASL Radial Velocity at 1.6km ASL
60 -1~ - E2
5 [ 7

40

304

(c)

I -
—80-50-40-30-20—10 0 10 20 30 40 40-30 a 10 28 30 40

TR

(dBz) (m 8~—1)

Fig. 8 The same as Fig. 5 but for graupel case in 16 Feb. 2000.
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(d)= snow and graupel(S/G) case® A 3 ddo] | kmollA 3 km
Apololl Al YR, 2% 9 mHEEo ako] wE Tujrt duFHow o
AatAl YEFST (e)& sleet case@ A A Aol A 25 km 744 3} o o]
e, A 25 kmell A 35 km Abolo] gk ddZo] East ).

ol ’Fell M, graupel® snow and graupel(S/G) cased] #A$ 1 AFsl=3+

o 4P =dAF B At 5ol A8, snow, rain 12 I sleet

case®] 79 sleet casedlA A AFEo] BotAo] EAstAnt #uby o
2 1k mE 2% @ L HEEI} kA ex puj2 Jeldo
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Fig. 11. Distribution of Zuu and Zpr for 5 types of precipitation.
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Azteolti o) IAES o] &3 AFgefe] o o d7E thys)
B 53], Zor o S A5 42 FEHE g A AT ER ®Bol U
THBringi, V. N et al. 1998; Chandrasekar, V. et al. 1986; Gorgucci, E. et
al. 1999; Green, A. W 1975; Seliga, T. A., and V. N. Bringi, 1976).

Fig. 12 (a) snow case® 7%, Zun#el 20 dBZ olstol A, Zpr @&
HitE 0 dB olstell A EE3H T} Snow cased] ¢ AdlHo g Zyuikdt
Zor kel W7 o2 g FeEEdd v F
doltie] WA EE FA& IKP (KP=093 : 29 2%, K= 0197 A&
o] Joll Wlallgh= o=, snowdl A9 1 F4 Edo] WA 7S
B2 A E7E 2HA YeEbd o (Doviak, R. J. and D. S. Zrnic, 1993).

(b) rain® 7%, snow case®} Blndte] Zyygtdt Zprako] =4 #
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M
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i
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38
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)
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(c) graupel® A5 Zun# ™ ZppE Y€ rainel A% vlsshy Zprgtol
rain® A% g8 Zudtd FUbel wel gaste 53S myoh
Graupel> A3l wel 2R ko] Ado 77t A1, wabA AR vAlE =
=7t steete Zprake 2388 HFAFA He 54 Yehid

(d) snow and graupel(S/G)2l A% snow2} A9 H]|=3 BEE ngy
A Zungko] Bot w8 Zel MEHo Yedth Snowel A$ 2 A
A 717} graupelel ¥]&} & Aol wta] snow and graupel(S/G)& A& o
2 Z YA graupelo] At gl ANAI Zuypgkol snowel ®|E =
A vERGA €
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Fig. 12. Distribution of Zgn and Zpr of (a) snow case, (b) rain case,
(c) graupel case, (d) snow and graupel(S/G) case and

(e) sleet case.
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(e) sleet®] A$ =& Zuuake #3271 ey xub oo x] 4712 A S
Rues dAHA 23 £ X e & Jeldr}. Sleet casedl A%, @Atol o
Bl H F Aztel] F3 87} EASEA, sleetUtel S48 HU] = ofE o

7, snow$} rain®] SAo] EA Ho US & F AU

—

Aot E ol &8 7} Al Znudhd Zop@t2 2 AFolAM A
< A7t @ vl & go 2 UEtwth Zpratd AS B FHEY
oAe] ZF casel A F(+)2 ol YE S (Bringi and Chandrasekar,
2001), ol& ml=e] dHY SAAA dojus divtR ZFddel @ A
ojdtt vt & AT A FHETE g dE A GoM e G
54< & YeEd ol

Zun®t ¥ Zpr@ WY oyt @ HARIAES ol &% A HE
B2A0] Zrnic et al, (2001), Jerry M. et al, (1999), Chandrasekar and

Mo

Bringi, (2000), Ryzhkov, A. V., and D. S. Zrnic, (1996), Zrnic, D. S. et
al. (1993)ell 9z =] o1 Joy, B AfoMs v sk ez}
S (Zun, Zor)= ol Bste] ZA4EH RHY 284S Folg ok
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Fig. 13& 7 HElE ZnndtH Zop@tE S rain caseE VlEo g dlul
stol YERHAT. (a) snow®t rain® 9] Hiell A snow case’} rain® %5
Bty Zppdkol AA UENE D, Zyudte w53 By Bgdd a8y 20
dBZ o]/t9] @& snowoll M= Br) =8 ER oz velultth (b) graupel 7
rain? ] vl AN Zyygte]l X E raind A9l W|%d AR Zppatats A
HAZE Qo) S-S RAL, Zprdtol rainol Bls) tha 2A vebd
(c) snow and graupel(S/G)¥} rain®¢] v]ellA raino] ZyngkolA & &
XE HQ ¥ snow and graupel(S/G)8] A9 3 dBZ~20 dBZ 9
A EE Gl SAEA YEldt (d) sleet$t rain#e] B oA rain
of ula} A F& Zuugk GGl BXshe EA0] BIARE Apo|rt A= st

Rain®] 4%, Zpr@toll A WA 4742 74 @Yo grERt =4 o
Estoy, o zelrt 53 AAE ¥ty Table 3& Zuw#t Zor@t s =
oAl 80% oldel Fekxrt e MY Fe AFHoz el Aol

Snow® A% Zpr#t2 -1.8 dBAA -08 dB, Zun&tS 0 dBZAlA 16
dBZ Atelol #¥sto] Zpp@t @ Zunak e BE7F FA JeEbdth Raind 48
Zpr¥keol -2 dBellA 0 dB, Zuudtol -6 dBZolA 22 dBZ ¥ 2 Zipdte %
(1)2] grel Hehy, Yoz 4714 Fejge g2 548 BYow, Zm@ts
e 2 FHE 2o W 999 BIT Y4S JHHE EAL 2od
Graupel®] 3% Zongke -22 dBAM -08 dB, Zudke -8 dBZIA 16
dBZ9 ¥ EE Z;@a2 U2 A4 FHE Ny He EF YIS B u
A, Zu#te HdiAe ddHezm e F¥XE Yehhdd Snow and
graupel(S/G)®] 7% Zprak2 snowe] A9 o] -1.8 dBolA 0.8 dBY
X5 B vl Zuyghd snowets 22 4 dBZOlM 20 dBZ ¥ & snow
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of A Boh ¥ Zuuthd Btk Sleet 9o B Zopgte -2 dBelA
0.4 dB, Zmntt2 0 dBZelA 18 dBZ ¥ X & B v}

Table 3 The Zu and Zpr values range by intensiveness

above 809%9s.

Zpr (dB) ~ Zumu (dBZ)

Snow  from -18 to -08 from 00 to +16.0
Rain from 20 to 00 from -6.0 to +22.0
Graupel from -22 to -0.8 = from -80 to +16.0

Snow and
from -1.8 to -0.8 = from +4.0 to +20.0

Graupel(S/G)

Sleet ~from 20 to -04 from 00 to +180
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Fig. 14. Vertical distribution of Zim (a) snow case, (b) rain case,

(c) graupel case, (d) snow and graupel(S/G) case and (e) sleet

case.
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Fig. 16. The relations between Zuu and Zpr at each

temperature range by each precipitation type.

- 38 -



(a)

Distribution Zyyy and Zpyp of 5 types precipitation in R<0.3 (mm/5min)
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Fig. 17. The relations between Zuu and Zpr at (a) rain rate

R<0.3 mm/Smin. and (b) rain rate R>0.3 mm/5 min.

for 5 types precipitation.
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Fig. 18. Precipitation type discrimination algorithm using

X-band polarimetric radar((X-POL), located at

Nagaoka(138°53'E, 37°25'N, 97m ASL), Niigata

Prefecture in Japan.
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