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Fig. 1

Algorithm sensitivity to data error

(a) sensitivity to Z;, system deviation, (b)sensitivity to Zpg system deviation,

() sensitivity to Zj, artificial noise, (d) sensitivity to Zpg artificial noise



%3

AP 55 XU T 32 K BRE 9 AH 25 TR0 B0k 1 2 itk 353

PO A A B 3G R 0 25 R BT AE LG 5 TE B o
K pp 18 22 14 52 W0 58 /)N 7] 2.8

Xof 15 22 B A 435 SR 08 A T SR IR eR EORE i B
UL AN 2090, AR ZEBURMM S EEE
Wy oK TS R RS R KW ANKE . X
FEANEE AT 1Y) 2, F Zog 02 25 19 52 08, % I IR) 45 e
T Zy WREZ W BT Zor. 2y PR KH
R AKE AR Zor F1 Kop B3R 8 BREL 2, 001
ZEAM LI Zow SR & oR B R 4 /0N 38 4 1R 3 45 R A
ANl T /)N 9 T A SR D R RO R AR X S R R Y
Zow KB R BE Z, R AW KT Zoes H
Zy F Zog B0 22 10 5% W) B2 B C K E (R 25 . LU

TIERL R AR AR R = 2, M Zog B9 BOHE TR O
EHRGERZEX MR B W 5550 [F) 55 7
FA G0l 22 9 5] BE MR A R A S PR R R I R A R
G i 22 Xt P 45 R B2
2.2 REEHSW

A K50 SR Jm R B 5 B AR TR 20 B A T
N3k 2 Pros . A B SR ek Rl A IR 23 B H
i =5+ 03 LB A [ S LUK /N B R R K
L » X S A 25 R 22 B0 23 B L 491 i 8K 1 P SR R
ANTE AR AT AR S AN B R B AR EE AR
755 o F TR 23 B HE A ARG 0 T S TR o 500 P L X6 A1
AR X T RETT AL

Fz2 ANSDHM AA<O0.1 B LE B
Table 2 Distribution of A and proportion of AA <C 0.1

FHZS 0<CA<0. 3 0.3<<A<C0.7 0. 7<<A<1 AA<0. 1 Ay, FEATS
Hi By [ iz 10.40% 65.95% 23.65% 44.61% i 25 [8] Y
1 2 [l 33 12.75% 76.80% 10.45% 19.29% iy [l

T 18.29% 26.09% 55.62% 21.37% VK

At 0.02% 38.77% 61.21% 11.78% T5

VK i 15.64 % 62.48% 21.88% 35.49% T

% 0.00% 20.93% 79.07% 22.66% i

pNLTR ] 1.86% 45.66% 52.48% 33.05% /N R
JNE 17.33% 39.57% 43.10% 20.70% N

N 0.04% 31.99% 67.96% 37.25% K&

KA 0.11% 76.86% 23.03% 48.08% KN

FAA K5 SR s pR B X 23 BE 1« 25 fELBR/IN 5t
B 5 1 DX 0 RE g 55 L U0 45 RO AR . 22 (/D
F 0. 1 BB S RAE S S A HE B, L& BB S
RBHIAZS W03 2 Pros . W LA 2 4 F g 2
B DX I3 AN X PIRI AR S A 329 AR SRR R
KO BT BT 5 16 M 4y R B s [l 9 BEAS BE AT R
PRI ARER BEIX 7. X7 BE A 2 B934T 0K
TE R (HX 4 FAE A oo Be el
B Al R R AT AL S BOT A MELLIX 2y
2.3 HEESHEEMESHW

W H UK AT BT 2R AT 0 CIf HLBESE 5 A2
F8 DX I8 T I A — E A PF T AR R sl i MR T
WA T RE R P oK — B B %

JE )22 BT J LA % 4R I e R S . T AE TR 4
O ARZE A S K E ARSNGBl 2017 4E
4 H 21 H 08:00—17:00(Jb 5T HF, F [H]) 58 X i 1
RN it vk i i T3 B L VKRR Y
BUARR 5 43 53 22 i) 6 b oAE 2 B 23 43 A1 i 45 (8] (A
2). FPEEME KA S WO B R ) A B AR —
ES QT (A= W S F 7 7 N e = W2 S/ & - 4
13:54 By 22 il 7K 7 F 2 1 245 4 350 1w 1 (L 3> #T
AR S KB WA BRI 5 T 0 C H b J7 ¥ 2 WA
B AFFAE K E . K5 IKE NS &
FEAE A AL, 535 XoF 30K P i AH 285 19 [X 43 B 0 359 - IR 2
A R RS N T R I W R C o (1= N
T 1% 0 A VKRS 1 ()



354 I S R =S

i /km

g
e
N
vy
iz
0 1
10
K
g £
= =
N 5+ N
i ::d
{2 — i
L I I | 0 I 1 0 L L I B | == 1 L
09:00 10:00 11:00 12:00 13:00 14.00 15:00 16:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
fi i) ki)
— L —————————
0o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
B2 2017 4F 4 J1 21 H 08:00—17:00 43 HH 25 i BE 1 I 25 53 A0 (B 3R )
Fig. 2 Distribution of hydrometeor heights from 0800 BT to 1700 BT on 21 Apr 2017
(the shaded denotes the frequency)
24.0°N 24.0°N

23.5 23.5
23.0 e 23.0
22.5 e e 22.5 :
112.5 113.0 113.5 114.0°E 112.5 113.0 113.5
[ s |
5 10 15 20 25 30 35 40 45 50 55 60 65 Mty W7 TF5 BT okéh F KW KW kE
Il 19k i
(d)
10— ”’
g g s
N ™~
bl =
4E w5
o=
0 10 20 30
PEE/km BB /km
[ s NG EEEEEE D .
5 10 15 20 25 30 35 40 45 50 55 60 65 Wy W7 F5 RS kS B KW /NE KW kE
[E} Ak AR

B3 2017 4F 4 H 21 H 13:54 KPR 5 00 Z, MARZS S
() Zy, K537 (DA KP4 70 5 (o) 2,y T 454 (DA A 26 EL 4544
Fig. 3 Z, and hdyrometeors’ horizontal and vertical structure at 1354 BT 21 Apr 2017
(a) Z,, horizontal structure, (b) hdyrometeor horizontal structure,

(¢) Z,, vertical structure, (d) hdyrometeor vertical structure



%3

AP 55 XU T 32 K BRE 9 AH 25 TR0 B0k 1 2 itk

355

3 Tyl

22 3 U RO R 58 0 A s DR A U BOR AN B
RS R 3. SR URERY A fi RS R pR

Y80, Ry B 1o T VR R AR A R R B VR S X BE )
PERUEE L - F T K& 1) 23 18] 3 A ¢ A 1T 1E 3% 22 33 51
SR EEXTURE AT S A f R AA By X 0 Bk
o U i 41k 2 i 1) S Ji R RO ASCEE L A Xl i 4y A B
23 IR A i IR ST pR AR

x3 HIBMRSWMEELSRHES
Table 3 Insufficiency of hydrometeor classification results

PUNRCR 1R 2 TKE K & 7K i T5 Hi ) i =5
s E U B B 2 i g 2 2 & 2
S XA EA R 2 2 i = w 2 i
XF Zy 1R 25 U =2 = 2 o T i i
XF Zor i 22 UK 2 w = i 2 w w

23 [8) 3 A 5 & o i 7 i i w

3.1 REZBM#

B ARG BB A S SR 8 ok 8, s ) 46
TR SRR R I8 38 ) b ) S SR BRI R0k i AF S
W 225 ] 9B B A58 b KA Y R 28 AT S 3R 1 5 77 A
AR R K T 0%, A R |y 6 5 | B RS A T AR 1 el
Pl SR 2017 £ 3 1 18—20 HFI 3 H 31 H

ToR G [ 9 R - 48 7 M 9y A0 2 [ 30 ) A 25 o

0 0.1

0.2 0.3

0.4 0.5

HETE 1A 4a~ 18] 4d92h‘phvﬂ$ﬂ O‘Zl“GwDP:gE@‘:%%%ﬁ
Vel AN T 3 €6 3 7 A3 256 5 41K 320 HE F) — 48 93 A 1] e
FEAR A o AR R A%, SRR JE b V2 T SR i
TR AL 5 SRR IE T IR T SR ek B b ik
Bt o TR I BRI T G ) 0 A RE A B 220
DEWLHLPIE) Z1y s o0 NI 25 [B1IEAR) Z3 /0T JEOR 9 5
& PR » T B0t ) RIS 25 [ P A G A .

1(b)

B 0.5

N

m

kel

\;

S

0.6 0.7 0.8 0.9 1

P4 AR A PR 2 ik A A A S R B B (e 2 %)
() 0§ 2 P Zi-pu » (D)W ZE MY 67, 00y, » () LW [T HY Z-pn »
(DI 07, 00, » () VKER T EH Y Zu-Zow G I8 0BT 25 W HE L UK O 2% T IRD
D IKEEFTEE Zi-pn > (KB Z0-Zok » (W IKE R Z,-Kor

Fig.4 Hydrometeor variable feature and improvement of membership function(the shaded denotes the frequency)

(a) Zy-pn feature for biological scatterers, (b)azh 0o feature for biological scatterers,

(¢) Zy-pw feature for ground clutter,including that due to anomalous propagation,

(doz, 0o, feature for ground clutter,including that due to anomalous propagation,

(e) Z,-Zpr feature for crystals of various orientations(the orange line) and dry aggregated snow(the black line) ,

(D) Zu-pu feature for crystals of various orientations and dry aggregated snow,

(g) Z,-Zpg feature for a mixture of rain and hail, (h) Z,-Kpg feature for a mixture of rain and hail



356 A E I A S < 114 %31 &
W 11-©
o5
| L4 N
I |
| |
1 — =
< 1
0.5 | £ L
i |
I | —
| il | I | | [ L
-30 -20 —10 0 10 20 0.51 0 50 100 150 0.5 1
z,/dBZ ik 0, /() s
W 11=(e)
0.5+ /
(I T ]
Il ! [
_______ Fl__'___"_:_"___l_'__"'“
2 - :
11 ! [
1 | |
11 | [
m 11 ! |
o I
x
N OFE~—————== :— ——————— -
,,,,,,,, i o i Y EO
(N | |
[ | 1
(L] ! 1
11 ! 1
11 ! [
) | 1| ! | ! |
0 10 20 30 40 0.5 1
Z,/dBZ pES
w1 (2)
B 0.5
m
i
~
g
N
e
| 10 | | | | |
50 55 60 65 70 75 0.5 1 50 55 60 65 70 75 0.5 1
Z,/dBZ LiES Z,/dBZ piES
0o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

gl 4

T 55 VK A A SRR L SR IR 2R = B K
BAEREA (2017 4E 3 H 18 H 17:00—20:00 F1 2016
6 H 4 H 13:00—14:00) , G5 M S FRIE L Z,-
Zog Fl Z,-pne —HERAII AT TN 2,y s Zow B o, B AR5
FERE, W& de FIE AL TR , B2k 2R Stk J5 g SR
JE& PR UK S B R KR T F . R A FER IE S 1 R
XL R (2016 485 H 9 H 16:00—18:00) . itk
B RIR S 5 Zy o Zow T Koe 19550553 45 REAE
ot B 4g FE 4h, WKE N Zog SR JE RE(—0. 3,
0.0, f1+ /1 10.5) 1 F i F b & Kop B S5 JE 2R £

(=10, =4, g1, g0 DY 3 FBGHR X UKE FRIE

R R KB A AR e s (2) (3

JIi7R) o B BUR SRR R B LA 4 Frw s [6] I

DRAUE VKEE R R S J ek B0 I N B & A8 2K T S
AN

[i(Z) =—0.54+2.50X107°Z+
7.50 X 10127, (2)
g1(Z) =—44.040.8Z, (3



*®

AP 55 XU T 32 K BRE 9 AH 25 TR0 B0k 1 2 itk 357

R4 YHWERERH

Table 4 Membership functions before and after modification
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Table 5 Proportion and height of misclassified a mixture of rain and hail

mRY i B ITIEKE S/ % BOTIEKE NP EE/m  KERFHREE/m
AR 2017-03-18—20 10. 73 763.52 1886. 25
2017-04-12—13 23.92 889. 94 4084. 63
VIR RN 2017-04-26—27 8.45 17916. 59 2877.42
2017-03-07—09 24.71 647. 47 1464. 55
e M 2017-03-25—26 17. 21 1419. 22 3115. 25
2017-03-29—30 18. 82 1965. 07 2872. 65
2017-05-07-—08 19. 97 1593.02 2155.58
S 2017-04-11—12 8.81 840. 62 2441.58
2017-04-19—20 8.98 1520. 22 4328. 00
2017-05-04—05 16. 71 1456. 96 3321. 23
it 2% 2017-03-31-—04-01 0. 36 1978.03 2697.98
2017-05-08—09 8. 24 1112. 96 3506. 09
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Parameter Improvements of Hydrometeor Classification Algorithm
for the Dual-polarimetric Radar
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? (Chinese Academy of Meteorological Sciences, Beijing 100081)

Abstract

Most of recent hydrometeor classification schemes for dual-polarimtric radar are based on fuzzy logic.
Due to the lack of true value of hydrometeors, it is difficult to verify whether classifications are right or
not. Therefore, three methods are proposed, cumulative value test, algorithm sensitivity test and hydro-
meteors’ distribution test. Cumulative value test is used to inspect the ability of classifying and distinguis-
hing. When input data contains system deviation and noise, the output classification would also contain
system deviation and noise. Hence, a method is proposed to test the sensitivity of system deviation and
noise. Hydrometeor distribution test is to analyze whether the hydrometeor distribution is temporal and
spatial continuous. Through these tests the reliability and stability of the algorithm are analyzed, and key
factors which affect the classification can be found out. Using observations of precipitation processes in
Guangzhou in spring and summer from 2016 to 2017, the efficiency of S-band dual-polarization doppler ra-
dar is examined. Main results show that the classifying hydrometeor relies on the membership function.
Using cumulative value test, some hydrometeors are found out with inappropriate membership function.
These membership functions are not consistent with real characteristics of hydrometeors, which are ground
clutter (including that due to anomalous propagation), biological scatters, dry aggregated snow, crystals
of carious orientations, light and moderate rain, and a mixture of rain and hail. The way to modify these
membership functions is based on hydrometeor statistic characteristics. Another insufficiency of member-
ship function is to distinguish similar hydrometeors, such as crystals of various orientations with dry ag-
gregated snow and heavy rain with mixture of rain and hail. The method to modify membership function’s
distinguishing ability is increasing parametric weights which has stronger discriminating ability. To ensure
every hydrometeor has more than 90% stable results, the error of Z, is between —0. 5 dB and 0.5 dB, that
of Zpr 1s between —0.1 dB and + 0. 1 dB, that of ow 1s less than 0. 02, and that of Kpp is between
—0.3 dB and +0.9 dB. Moreover, data quality of Z, and Zy is more important than other parameters,
system deviation is more influencing than noise. After hydrometeor distribution test, it is found that heavy
rain may be misclassified as mixture of rain and hail. The spatial consistency correction method is to check

whether the distribution of rain and hail mixture in a certain space is continuous.

Key words: fuzzy logic; hydrometeor classification algorithm; dual-polarization radar



