B, BAAE, WK, A 2022, T DU AN R BRRHAE ) C PR BUHR IS AR IR D7 iR
e AT[I]. RARZE, XX(X): XXXX-XXXX. LI Qiao, QI Youcun, ZHANG Zhe, et al. 2022. Identification
method and performance analysis of non-meteorological echoes of C-band radar based on Bayesian classifier and
echo physical characteristics[J]. Chinese Journal of Atmospheric Sciences (in Chinese), XX (X): XXXX-XXXX.
doi: 10.3878/j.issn.1006-9895.2205.22003

ET DI Er o3 SR 25 FNEDE YIEFFERY COR R B IXIF SR EDK
BRI AR RE ST TR

ZI L WRAES kB2 Mkt KRB ERES #HES
HPEIRE 2 o i BB 2% 5 SR R S BT R K OB B B 3R AR R AT IR s, bRt 100101
AT EXSEUSR G, R 518040

W ERERE RS, bR 100864

2R ZRAREZERE, 220 730000

e E G, i 710014

U N | B

B RAERERNE RS, B SRZBAERRE T, PR R R, M E
S 28 58 B B KA T FRDRS B AT I B /K AR IR M B . ARSI FABR P48 P 2. 2256 7 35 C
B2 R HE SR, F T BT DU 2 23R [l e ) BRI S B s ) U i
S N LB B0 T 02 1) B K [ o b i RS 2 [ 3 P S S 2R IR, R T 4R U AN [ 2 28
TIEE, 0T T BT 7 T A AN RIS Y Tk [m g R R T RO R PP R
SRR YRR A ARURRE . S dBZ [k e By SOt 3Rl BRI AR ARAE, Seit 43 BRI 2
B [ Bt AR PR 2 B A BRI SR BT G AR 28 5 5 A R KO ST DL 37 43 2
8, W IAENEEATYIE RS RS b, 45 A H A R HERFE BT T BRI Ty
PRAL pT L BRI VLR 2 AN 7 ik, BRI B IE I e BRRIE R R B, S 3 E
Pl J Bk [l s . R 2019 4F 7-9 A BTG 7 3T A A IEGE, KRG T H
R E MRS, [F) H AR A L 5 IS AT I T IR HOE T 2 AT TR b,
i/ HSS 17} (Heidke skill score) PPifi 7 BT #4458 RN A . S5 00R W], AT T Dl
o3 AN 0] ) BRI 11 02 0 B 4% o) 7V B A A e b 1R ) P K B AT B K [ i, R A
AT IS, 7 076 1 K o B 1 45 SR HSS P4 397E 0.75 BA b

KHIA ZWWIRAEE RS DI AR

NERS HPEISES  P412.25 XHEkARIZES A
doi: 10.3878/j.issn.1006-9895.2205.22003

Non-meteorological echoes identification method based on

WS EEA  2022-01-04; PILETIL AR AHA
1EEENY 215, &, 1996 £k, AL, FENEFESEMA . Email: ligiao7762@igsnrr.ac.cn
BIEE BkF, TENEFESEHA, Email: youcun.qi@igsnrr.ac.cn; iK¥7, FEMNHFLSIEIA,
Email: zhangzhe ucas@]163.com
RENBIE EREAHRITLIE 2018YFC1507505, HhEFRFE A JSHns ot S RHE L 15
XDA2006040101, L7 Fe | A&l
Funded by National Key Research and Development Program of China (Grant 2018YFC1507505), Strategic
Priority Research Program of Chinese Academy of Sciences (Grant XDA2006040101), Hundred
Talent Program.
1



Bayesian classifier and echo physical characteristics using

C-band radar and its performance

LI Qiao'?, QI Youcun'?, ZHANG Zhe?, YANG Yi*, Zhu Ziwei'?,
WANG Nan®, and HU Qiyuan’
1. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic
Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China
2. Shenzhen National Climate Observatory, Shenzhen 518040, China
3. University of Chinese Academy of Sciences, Beijing 100864, China
4. College of Atmospheric Sciences, Lanzhou University, Lanzhou 730000, China
5. Shaanxi Meteorological Bureau, Xi’an 710014, China

Abstract Weather radars are usually interfered by non-meteorological factors during
the observation, resulting in non-meteorological echoes, which will seriously affect the
accuracy of the radar's quantitative precipitation estimation and the performance of
short-term precipitation forecasts. This paper uses the scanning observations of C-band
Doppler weather radars in Shaanxi (Xi’an, Yan’an, etc.), to construct a quality control
method based on the Bayesian classifier and the physical characteristics of the echo:
First, the reflectivity factors of precipitation echoes, ground clutter and clear-air echoes
of each radar are manually extracted, and based on different types of radar echoes
extracted, the reflectivity factor, the horizontal texture of the reflectivity factor, the
gradient of the reflectivity factor along the radial direction, the height of 5 dBZ and the
vertical gradient of the reflectivity of the different types of radar echoes from 7 radars in
Shaanxi are analyzed. And the probability density distribution functions of
corresponding characteristics of different types of radar echoes are also analyzed.
Secondly, a Bayesian classifier is established based on the statistical probability density
distribution function to initially identify the radar echo. Then, combined with the
physical characteristics of the echo, the sun spike filter, the speckle filter and hole filling
are designed to further identify the echo. Finally, non-meteorological echoes are
removed to obtain precipitation echoes after quality control. Using the scanning
observations data of 7 radars in Shaanxi Province from July to September 2019, the
performance of the radar quality control method is systematically analyzed, and the
results of the radar data quality control method of the provincial business operations
were compared and analyzed, and the accuracy of the quality control results is evaluated
using the HSS score (Heidke skill score). The results show that the developed radar
quality control method based on Bayesian classifiers and echo physical characteristics
can better identify precipitation echoes and non-precipitation echoes, the recognition
effect is better than the business results, and the HSS scores of data quality control
results for 7 radars are all above 0.75.

Keywords Doppler weather radar, quality control, Naive Bayes classifier, echo type

recognition
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Fig. 2 (a) Echo types obtained by manual classification (CA, GC, and Prec represent clear-air echoes, ground
clutter, and precipitation echoes, respectively), (b) Z, (c) TdBZ, (d) SPIN, (e) vgdBZ, (f) ETOPs from 0.5° tilt of
Yulin radar at 22:37 UTC 6 Aug 2018
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Fig. 3 Probability density distribution functions of (a) Z, (b) TdBZ, (c) SPIN, (d) vgdBZ, (¢) ETOP;s of Baoji radar
for different echo types. (Solid, dash, and dot line represent precipitation echoes, ground clutter, and clear-air

echoes, respectively)
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Table 1 The type of probability density distribution function and the value of the parameter used of Baoji radar.
2
FRAIE & [ 33 A7 BRI " . -
5/ IV IE&S 0.0486 18.5868 8.7563
z a3 E&S 0.3224 -11.2573 9.8264
25 [m 3 EA A 0.0993 1.2326 7.0787
FEoKlElge  WHOES A 0.5934 0.8929 0.9692
TdBZ e WEOES A 0.6226 1.0292 0.8479
EaEly WHUES A 0.6584 0.9114 0.8682
5/ IV} IE&S 0.0329 11.554 15.8257
SPIN a3 IE&S 0.0227 24.5463 17.7486
FRCIY; IE&S 0.0231 18.0359 20.6245
5/ IV} IE&S 0.0443 4.4970 8.5116
vgdBZ H A =1 IEA A 0.0359 14.5174 11.8497
FRCIY; IE&S 0.0271 12.5159 14.5941
/N IV IE&S 0.1595 5.8649 -2.1915
ETOPs H A =1 R A 1.5219 1.6670 -
FRCIY; IE&S 0.9166 0.1706 0.6735
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e, HET Uik MR B 43 A7 bR B SO AR 3R DU 49 28 8%, 0 B A R B R AT )0
WU, A R A3 B K RT3 e 0 T A s 2 T 3

T4 B — U2 R 25 B K A 3 1 4 7K e R R — U LA 38 2 B 7K Ay 32 ) B Kt R 4
TR 2 DU 23 R 3 A0 TR A Rl 2 2R A5 AL Bl 445 1 2019457 H 21 H 14:11 UTC
TR —RKEIR T K FE B R A SO R T (B da) AR 6 DU 00 2 B8 40 FR S (1 B K (8]
B (B 4b) FIEERAGRGIZE R (B 40). vULER], ERAHEERME A, Pm gLl
i B EIR BB K o aX 8 EOR 2 R K [ ik AR AR RN R B, KRS A 210°
~330° J5ALff 50 km P 1 — LR 1) 5 A BB A IO K R, REARFON IR EE . dE
Bk, FAYEEIA 330° ~60° AL 20 km ABFT 60° ~100° J547F 20~50 km Kb
Polali, LA TRIE 290° ~340° J5 7 A 80 km Py — LI 25 (3, thIE AR IR B
RS EEE R, BRI 0 ( AME B R A D AR B K I 2Bk, = T2 o DR 12 DX 1 g 5 B
By, HEEELBEK.

®»
; .
S o VAl

Kl 4 201947 A 21 H 14:11 UTC FXSHIL 0.5° 0 (a) JRAASAHRIN T (b) 4 NBC Jiif% )5 HIFEK
1. () NBC [HIJE A 53 245 R

Fig. 4 (a) Original reflectivity, (b) precipitation echoes after NBC quality control, (c) echo type obtained by NBC
from 0.5° tilt of Baoji radar at 14:11 UTC 21 July 2019

Bl SZ5H T 201947 H 11 H 08:14 UTC %iE %2 — R Z BT P A 2 1 5 46 s 3 2% 1R
T (B 5a). FhaR DU oy 38 40 B S R K R1 (P Sb) AR A 45 1 (& 500
MBI UG B, 76 AE 2 Tk M35 A EH K, fEFIL 150° ~300° JALff 5 km
Je 20 km A0A B A S A, TR IR AR T A2 A b 30 km Y [ Y AR I I A (A
b2 DU 07 73 288 25 UE B 031 9 R B IR A K [ 8, R 1) B 8 B A A (R S i A,
BESEAR B IR B 5 1 75 I PR R 22 (R, AR IR . (H— N K RS, fEAK
AR 2Bk, 32 i IR [ T B AR ALK
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CA

GC

Echo Type

Bl 5 201947 A 11 H 08:14 UTC IE %L 1.45° f () JRIGRATHE 1. (b) £ NBC iz /a0
KIEIE . (¢) NBC [EIJE A 7345 R

Fig. 5 (a) Original reflectivity, (b) precipitation echoes after NBC, (c) echo type obtained by NBC from 1.45° tilt
of Yan’an radar at 08:14 UTC 11 July 2019

A3 T AR B AN AN AT DU B ARSI 2R DL 70 SR A8 R B A [ B SR A 2 A7 AR R
WABLR, 2 E Ry 58 B K AR R AR R B . SR IRIR — MR A2 (113 %
BN —F MR, MAR R RS — B, 2 R R A Bk, EANER DU
Hror RASHI IR 1, 258 T [ AR /KT A3 BELRFAE it 7 K BH SR W Rl R ) 25 B IS A
bR, RIS BN E LR, DA iRR ) 1 38 R AT A 2

3.2 KPAKIEEL IR A 5K

K BH WA [ 2 EH R BA &t RO BB ™= AE R [ 38, 48R I8 R 2R 1) K BH BRAE LTI, K
PR B IA A5 5 7 A4, BUiy A7 — B0 W W 74 F BRI 2 1% (Rauber and Nesbitt,
2018) ¢ KPHAUE [R5 BB TS, o BTG BAOR AU H HRT T o K BH R 04 [ 36 1) 2 1]
RAEBCN—3, RN 1 B 2 ANESE T A7 R AEBEANME 7] B AS AR 3 (=138, (HRTER]
— I Z e R e, HIE AR AT A, R A BT 1) Bk = 4 . Tang et
al. (2014) B&T- K BH I [B] 38 1) 25 ()RR AR BE T T R BHARUE [RIBR A BVE , 12 VE R R
ARG B R 72 T PRI K PH AR S [T, AHL 224 B 7K [ R K BH SR e [ B TR A B, St AT FLaghAT A 240
5l o

$5T Tangetal. (2014) [1ARBHIRUE IR VAT T 50k, B8 T RO 1 1E
L7 1A E I AEE . KB M iR ) 77 (Sun Spike Filter, SSF) B N: 24 0.5° {1
ZAEA R Z> 0 dBZ IR RS EERH N1 KF38ANME PR 28B40 H 1) 70%0), A
AR R BRI : SR A RTZAR 10 BN FERS A 0.5° A AN 1.45° A0 St 2 ]
T Z AT, 3 o5 >0dBZ H |4 <0dBZ, P\AIZEEES B NAERE KT, #E4T 9 ER -

Bl 645 7 2019457 A 10 H 05:28 UTC P8 72— U it B /K I 72 11 J5 4 e 24 2 IR 7 ([
6a)\ ZAbER DU o KA A HE IS 1 B /K 18 (Bl 6b) I K BH AR e [m] 38 R 31 5 v b 2
IR (B 6c). ATRLER], fERIEIR 15° ~50° J7A7ff 140~250 km JE Bl N & 80°
~110° J5 R 100~200 km Ay FHOFRFEK, AP 2L 35° ~40° J5 A0 A A B S K
FHARUEE [0 38, [R5 M TR IA AL ZE 1 22 300 km BAAE (Bl 6a). TERCIRFEAGEFE S, K BHARUE [F]
W5 B K R TE 150~200 km AbVR G 7E—kD o Kb U773 288 38 B8 B A s 1R il oK 30 43
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ek 7K 1 G 1 25 PR 3L ) 10 [ G AT 22 el 3, (ELESCRE TR ) HE B 8 150 ke 90 B P9 RS AR KB
SRUEIRTR, 150 km LS50 3L R 7K TR B R R B SR U4 [] B U A AN BEER A ok (& 6b)
K BH e (e 5 TR ) 7 325 D B R 25 B 17 KB e [ 3 , -5 TR A RO R IAL e [l 5 B 58
B R TR (E 60).

z / 5 ’ B

65 0 ' £ 65 % 3 65

60 _ , 60 _ : . 60 _
55N 0= 3 3 55 200= \ : 55 8
8 e w % 508 w 50 2
Bz w& : 8z w% : Bz
352 o 352 0 352
!W““ W““
25 ¢ ; 25 ¢ ] 25¢
i ﬁﬁhf R A ik
s T s N :

K6 201947 H 10 H 05: 28 UTC P /HIL 0.5 (a) JRUGRATHREIT. (b) £ NBC AbEE [1F#K
1. (c) % SSF ALFIJ P [ml %

Fig. 6 (a) Original reflectivity factor, (b) precipitation echoes after NBC, (¢) precipitation echoes after SSF from
0.5° tilt of Baoji radar at 05:28 UTC 10 July 2019

3.3 ML= ERE

T IK [ P _EAEAE 2 B SRR R IOR A . R [l 5 R P, I [ 952 ] e 0N & 3 [ 3¢
BT TR R, AR IE R A AN S8 R FF A Gt PRI FR K BBRAE Bt s DL
2R DU 370 SRR I 25 Bk o B S[R30 3 DA s B R DX SsRA A 17 AR 7K [ 5 U i 45
MBI X8, PRI X T ik it 1 RS2 s 5 Bk J7i% (Speckle Filter, SF), #f
I BB S A F [0 X, i T 53 T [ 35 X R T AR 55 45 58 AR EEAT EL A, b HH 9T
(] 35 - 2 B o

!

0]0/0]0]0)
000 ole] 00000
000 000 ool I 1O
OO0 OO0 o] lo] e
OO0000O

Ko7 XK TgoRERE, Hh K e N Z>0dBZ MIFEESE, KBRS SN Rl B B
Fig. 7 Schematic diagram of the region growing algorithm, where the gray grid point is the distance library with
Z >0 dBZ, and the gray circle grid point is the distance library around the echo point

B 7 XK R s, XK i B G R s 5 N B Y R R T Z >
0dBZ, MILAZIE S EE by, 4R 3 X3 T A I RE 29 2, A5 A 9 A2 [ 2% 1 (1 PR 5
B, WIgkgE LA e, SR 3 X3 JuE AR E %, EBHKBITA 2> 0dBZ iE
B, Wk e P B W A [ — [ X

X TR K A AR A XA A, R E n NARFMIEIX, AN B X T A .
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= #(12)

= W( 2— —12)#(13)

Hep, ONEEIXAS AR R, R B R IR (AL km),
NEIETIRLA PR CRAL: ), Nz X, & N TEERE (BEN
10 km?) I, 12 DX3sk A (14 [ A5 i 9 ST s e s 5Bk

3.4 [BIK =S EEA

EF P AR 2 DU 1 432K 28 1R 0 R I8 [ 30 SR AR B, P/ [l gt i 2 5 X 3k b - [l R iR B e 5
FURFE B A SRR K [RI AR AL, DRI B R R 0 A R B K R 1T 25 Bk o X 4 R BRIFI B K
B35 — ORI (B . W23 RIIR A, ARl ved BZ BOK, TG 2 Bl vedBZ B/, fH
[ e B P AC 55 A IRl TG 2 [ 5 P K D R ) BRARR AT B S 22 0l o DRk [m] 3 R 2 B
(K B, Bt T [l A IR AE RN 5% (Hole Filling, HF), @it S5 & 17K 7 3 ek A
3 LB R A AT F -

(1) AKFELEPEFIW T 0, LHTTH 73 o 0 W A B K el (R BEBS EA rhty, SRA X
Kk, AR 3 X3 EEREE, EAEAIBRIEE o, 10 ENZIER AT, A
| 3} 3 YU 1 9 1) S S 2R IR 1 SR IIMEL 5 5 V200 T R 50 D B2 5 2 A 5 7 A B 7k
BIg, IHH o> x25%, WiZmild K-FE S A, W LT I B A

(2) FEBREERIA TR, 245 T B B K SR 2R R 7 BB vedBZ /N T-45 58 BIME
(BN 50dBZ « kD) W, IAAIZEE B 5l 6 A A 2, K IR

DAZ SR RS PE Sy rpoty, RS R 3 X3 (PR RS P, B 24K B B T 2 A% 1R i E B
) I 38 2 YR BB 56 o

Bl 845t 72019 4 7 21 H 09:38 UTC %2 5 — Uit P /K It 2 11 Ji 2 Jse S 3[R -7 C [
8a). APZE VUM 43 JAR AL L5 HO PR/ 1 (&1 8b). &bl iR K Bl (&l 8c)o T
IR S|, 2BEEIL 80° ~150° Jififf 10~100 km viu Bl Y NGRS K, LREFIA 30° ~150°
FALFA 20 km JEFE N K 210° ~360° 507 ff 40 km iR YONEE 2 [ (B 8a). &b Dint
Hr oy R AR AL IR 5, 2 FE TR T AR (R UL R K [ R AR R A R ke, E XU R /K v 8 4 [l
VAR G 2 R £ B, AR T RN R s [RIR, 22 BETR AL 40 km Y A H LA I 2 el
WA FEABENE R0 £ B, EATA — Lo R HU IS R AELE (] 8b). MMARAL st R vEA
[ 98 2 VA AN TR AR B %o A 7 D T 3 2 IR e R D AELRD -, 45 3028y 50 B (%o I P 7K
R HH 2 HEEIE 70 km 6 5 A 5% B3 10— Lol 7 g e Bk (B 8c). T EERME,
FEME U FE A 50 58 10 B 2 i 9 R B AR TR A, T A 3% DI B0 21 285 B T AR 31 o I 2 [
PR R K I, LIBT3 2 I SERD 77 2A0 PR 4 T T 7 I 8 5 R s 2 [ g AN 4R [
A2 R 1) 77 2% R A% R A e DX 7 e 7K [ 8 A B K Tl
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B 8 20194 7 /21 H 09:38 UTC % REHIE 2.4°1M048 (a) JRIRRHHRE T (b) £ NBC LLH 5 i f# K Fl
Ben (o) QARITTEALH S HIFEK 15

Fig. 8 (a) Original reflectivity factor, (b) precipitation echoes after NBC, (c) precipitation echoes after method in
this paper from 2.4° tilt of Ankang radar at 09:38 UTC 21 July 2019

4 EE[REIRIRANZREL

SRS ASCTTE BN SO BEAT IO AL, R AR ST 00 I AR SR BB AT 25 5%
TREA G T I B K BT, 13 B B 2 M AR I 45 51, 15 IR 46 SR 26 R 7 F H Rl 55
8 F R B ) 25 SR AT TR AT, B 9 4T 2019 4 7 A 28 H 18:04 UTC 75 % —iKk
B AL AR 0 SR 46 S R R 1 (Bl 9a), BRPEEL S 1 sl 4R (B 9b) ATy
R (B 9¢). TRAE B, 1E 76 22 T A AL K 7 R 75 1) A3 ORI ik B K
300° ~330° J7 LS 30 km A /NI TEAAA, REFT IR E K, K R A PLER
ZTEIL 30 km Ak, F A B AR A [0 RN 2 R BN A R, 0.5° A 40° T A Mt
I AR BRI (138 (B 9a) o ARSCT 0 RENS LB HE R Hh 1R 591 5 DR 58 /K [ 8, Wt e B s it
T HLA IR B2 (1387 DL K K BH A0 (Rl Al 25 Bk o 75 BRI, B v 4l 5515 A
(R Bl R EoR, PELERIE 300° ~330° J7 A7 A 30 km ALMGHAHAATE 0.5° 1A F
RN AR R R BN, B4R 56 A 250, AR SO R RE IS 0 56 B VR ) 9 (R BE i 0 it o
Ay 0T P22 TR IR AR U AN IR SR 2 B, AR SO VR RTRIe o 4 M 555 P 11 i e 428 1) 45 SR e
WA K RGE, H Bk A b 45458 FH (¥ B 4% ) 45 B FEOK R G0 Z < 15 dBZ 9 [R1 9% 430
FiB, M T BEK RGN e B, AR ST 2 R TR RN R DR B B K R GEIL G R R R T
B[

K9 201947 H 28 H 18:04 UTC P51k 0.5° MM (a) BRI HEE T (b) By k556 F T
BEHIGR (c1) ASOTTEFE LR

Fig. 9 (a) Original reflectivity, (b) precipitation echoes of Shaanxi business operation, (c) precipitation echoes
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after method in this paper from 0.5° tilt of Xi’an radar at 18:04 UTC 28 July 2019

NARGERAEA ST R B HBOR, XS BRITE 2019 4F 8 H 7 # R 1A i [al e 8 Y ik
17 T NI TAR, KRB mlipe 73 S b K R AN AR B K B3, R AR SO R ot A2 il 45
5N A5 200 e R 45 kATt s, AIH HSS #4) (Heidke skill score) #HAT | /€&
73Ht, HSS Mt AR

4 2( = )
C+(+)+C+)(+)

2 (14) 1, as by e d FHAURIFEMHF R 2 % 1% 2 Jow,
% 2 EHAT G
Table 2 The echo type events

#(14)

HSEAR L JRE R 45 R

(NI RE R N} AR FE K [ 9%
NI a c

AF B K [ 35 b d

HSS W N2 73 FEFEAF I IR B0, RosBRE RS IR 1R 5 TR 1 R %
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Fig. 10 The HSS score of the quality control results for 7 radars in Shaanxi Province
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(4) Vvt e Ik K ot B U iR e s B sl Hh B K (BT, Bk v A b 55 156 F 1)
JREFERIEE R, REE e B IR B Bk A5 B, JCH TR IR B B AL (XTI AL, RENE BN
AERAIL IR IR OR B s A HSS WEI3E, ARSCTIR AR 45 R AR 2, VR B K [ 35 F) A 5
B

T D134y 73 518 8 A0 ] 5 47 B AL PR ot 47 1) 7 9 B 08 S ey b AR ) b A K ] B AN A
KB, TRiE TSN, AT S, FLAER ARG g I T O T 48 45 B RO 2 B 0 A
PR BEXIANEN TR IA T AGE T 2 75 0 AR A8 B 0 A e 25, AT RS & & T AN R TR A 1Y
JREFERTIE, 152G 1 R AR .

FEA FH I8 B R AL AT [l B SR AU, b T Pk (Bl 5 AN R B K [ [ — SE R 5 7y
ATRFHEAREL, AFAERVUNILG, FE45 5 BT FC o 25 BR A X XU 8, SIANE Z M MIkS &
FESLANR DUy 2%, DAAS 2 B4 (R R 2R

SE 3k (References)

Wi, BRITES, TSI, 2. 2007, K AUH RIS B A0 IR 5l 1 URR B8 (1), U
T KA FT, 30(3): 48-51. Chen Yuan, Chen Jiangmin, Mao Ziyang, et al. 2007. Algorithms on
quality control of weather radar reflectivity base-data [J]. Meteorology and Disaster
Reduction Research (in Chinese), 30(3): 48-51.

RN, RIEE, M, S5 2014, FE T TR A WA R E SRR A I SR 55 T R ROR P
& [J]. B 2%), 72(4): 731-748. Gou Yabin, Liu Liping, Yang Jie, et al. 2014. Operational
application and evaluation of the quantitative precipitation estimates algorithm based on the
multi-radar mosaic [J]. Acta Meteorologica Sinica (in Chinese), 72(4): 731-748.

Grecu M, Krajewski W F. 2000. An efficient methodology for detection of anomalous propagation
echoes in radar reflectivity data using neural networks [J]. Journal of Atmospheric & Oceanic

17



Technology, 17(2): 121-129.

SREEH, BREIET, #HEE, 452019, B TR ST RSO 2 HE R Imia faoalie (7). AR
2:4%, 77(4): 715-727. Guo Hanyang, Chen Mingxuan, Han Lei, et al. 2019. High resolution
nowcasting experiment of severe convections based on deep learning [J]. Acta Meteorologica
Sinica (in Chinese), 77(4): 715-727.

Hubbert J C, Dixon M, Ellis S M. 2009. Weather radar ground clutter. Part II: Real-time
identification and filtering [J]. Journal of Atmospheric & Oceanic Technology, 26(7):
1181-1197.

Kessinger, C, Ellis S, and Andel J Van. 2003. The radar echo classifier: A fuzzy logic algorithm for
the WSR-88D [C]. //Preprints, 3rd Conf on Artificial Applications to the Environmental
Sciences, Long Beach, CA, Amer Meteor Soc, CDROM, P1.6.

Krajewski W F and Vignal B. 2001. Evaluation of anomalous propagation echo detection in
WSR-88D data: A large sample case study [J]. Journal of Atmospheric & Oceanic
Technology, 18(5): 807-814.

Lakshmanan V, Hondl K, Stumpf G, et al. 2003. Quality control of weather radar data using
texture features and a neural network [C]. //5th International Conf on Adv in PattRecogn,
IEEE, 522-525.

Langston C, Zhang J, Howard K. 2007. Four-Dimensional Dynamic Radar Mosaic [J]. Journal of
Atmospheric & Oceanic Technology, 24(5): 776-790.

R, TS, FEAK. 2011, T TR IA I AR R HL B AR — Mg K B TR (1] KRR
F2#, 35(3): 519-530. Li Jiantong, Gao Shouting, Guo Lin. 2011. The nowcasting method of
precipitation based on the maximum overlap rate of radar echo [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 35(3): 519-530.

BT, BOAAE, KRB, 552021, EORHUE T C BB IAE B KM L 1] AR Pk,
79(4): 689-702. Li Qiao, Qi Youcun, Zhu Ziwei, et al. 2021. Quantitative precipitation
estimation algorithm for C-band radar situated in complex topographical regions [J]. Acta
Meteorologica Sinica (in Chinese), 79(4): 689-702.

KIZF, AR, 551 8. 2007, kTR0 12 45 ¥ 73 25 SR 3 S b P [ 80 AR 31) J V 1) S S A
ORI HT [0 AR 2R, 65(2): 252-260. Liu Liping, Wu Linlin, Yang Yinming. 2007.
Development of fuzzy-logical two-step groundclutter detection algorithm [J]. Acta Meteor
Sinica (in Chinese), 65(2): 252-260.

Peter J R, Seed A, Steinle P J. 2013. Application of a Bayesian Classifier of Anomalous
Propagation to Single-Polarization Radar Reflectivity Data [J]. Journal of Atmospheric &
Oceanic Technology, 30(9): 1985-2005.

Rennie S J, Curtis M, Peter J, et al. 2015. Bayesian Echo Classification for Australian
Single-Polarization Weather Radar with Application to Assimilation of Radial Velocity
Observations [J]. Journal of Atmospheric & Oceanic Technology, 32(7):1341-1355.

Rauber R M, Nesbitt S W. 2018. Radar Meteorology: A First Course [M]. 199-200.

TLWRER, BO%A, SARoR, 5. 2020, H:T DU 70 2885 (1 22 3 8 R U R I8 MR IR Bl R A A AL
BT [J]. HEERLE, 44 (6): 83-90. Shen Yanyan, Huang Xingyou, Huang Shurong, et al.
2020. Identification and validation of sea-wave echoes collected by a Doppler weather radar
based on a Bayes classifier [J]. Studia Marina Sinica (in Chinese), 44 (6): 83-90.

NRAR, ZALRE, SRR, 5. 2011.2009 4 6 JJ 3~4 H 5 il X 5 M2 il A BORFAE 73 #r (D],
KA FFEE, 35(1): 105-120. Sun Hulin, Luo Yali, Zhang Renhe, et al. 2011. Analysis on the

18



mature-stage features of the severe squall line occurring over the Yellow River and Huaihe
River basins during 3-4 June 2009 [J]. Chinese Journal of Atmospheric Sciences (in Chinese),
35(1): 105-120.

Smith P L. 1990. Precipitation measurements and hydrology: Panel Report [M]. Radar in
Meteorology, Boston, MA: Amer Meteor Soc, 607-618.

Steiner M, Smith J A. 2002. Use of three-dimensional reflectivity structure for automated
detection and removal of nonprecipitating echoes in radar data [J]. Journal of Atmospheric &
Oceanic Technology, 19(5): 673-686.

Tang L, Zhang J, Langston C, et al. 2014. A physically based precipitation—nonprecipitation radar
echo classifier using polarimetric and environmental data in a real-time national system [J].
Weather & Forecasting, 29(5): 1106-1119.

Mgk, BRERE, ZEHEAR, 4. 2008. =4EARr AV IR T AR 45 5 IR 0 2 B R 1A BRHI
WIS TT [J]. RG24, 66(4): 479-488. Yang Yi, Qiu Chongjian, Gong Jiandong, et al.
2008. Three-dimensional variational combined with physical initialization for assimilation of
Doppler radar data [J]. Acta Meteorologica Sinica (in Chinese), 66(4): 479-488.

WMriEr, SKRAZA, Tk, 5. 2018, 28R TR IA ORI A A X 4 2= 2 BRI S2 B 7T (7],
KAFE, 42(5): 1096-1108. Yang Yuxuan, Zhang Lifeng, Zhang Bin, et al. 2018. Impact of
Doppler radar data assimilation on the simulation of a heavy winter rainfall [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 42(5): 1096-1108.

Zhang J, Wang S X, Clarke B. 2004. WSR-88D reflectivity quality control using horizontal and
vertical reflectivity structure [C]. //11th conference on aviation, Range and Aerospace
Meteorology. Hyannis, P5.4.

Zhang J, Howard K, Gourley J J. 2005. Constructing three-dimensional multiple-radar reflectivity
mosaics: Examples of convective storms and stratiform rain echoes [J]. Journal of
Atmospheric & Oceanic Technology, 22(1): 30-42.

s, R, TR 2018, — IRID AR PE AT R LI S BUE R B (1] KRR,
42(5): 1157-1174. Zhang Zhe, Zhou Yushu, Gao Shouting. 2018. Observational and
numerical analyses of a squall line occurring over Liaodong Gulf of China [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 42(5): 1157-1174.

K, A, KRB, S 20210 WIS BB X B Ik # A AL € B B A T R R
[J]. R Z 2=, 79(5): 786-803. Zhang Zhe, Qi Youcun, Zhu Ziwei, et al. 2021. Application
of radar quantitative precipitation estimation using S-band and X-band polarimetric radars in
Shenzhen [J]. Acta Meteorologica Sinica (in Chinese), 79(5): 786-803.

Kk, ar/hgh, J7E, 552004, — U LT EE 2% BAA XU B 1) 22 2 B R AU IS LI e A (0]
RG24, 62(3): 317-328. Zheng Yuanyuan, Yu Xiaoding, Fang Chong, et al. 2004. Analysis
of a strong classic supercell storm with doppler weather radar data [J]. Acta Meteorologica
Sinica (in Chinese), 62(3): 317-328.

19



