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Classification of rain types based on raindrop size distribution
retrieval from C-band dual-polarization radar
Mao Ying!, Kou Leilei*?, Wang Zhixuan?, Chen Yao!, Chu Zhigang'?
1. School of Atmospheric Physics, Nanjing University of Information Science and Technology, Nanjing 210044,
China
2. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing University of
Information Science and Technology, Nanjing, 21044, China
Abstract: The classification of rain types is essential to understand the microphysical characteristics of regional
precipitation, the construction of multi-source precipitation fusion error model, and the radar quantitative
precipitation estimation. Based on the C-band dual-polarization radar data of Nanjing University of Information
Science and Technology and the observation data of raindrop disdrometer in Nanjing from 2015 to 2016, this
paper proposes a radar rain type classification method applicable to Nanjing area, and compares and verifies the
classification results of rain types. Firstly, 36 typical stratiform and convective precipitation processes were filtered
out based on the time series data of the rainfall rate of raindrop disdrometer, the ground-based radar reflectivity
factor Plane Position Indication (PPI) and Time Height Indication (THI). Then, the raindrop size distribution (DSD)
parameters of typical stratiform (convective) precipitation at three raindrop disdrometer stations were counted:
normalized droplet number concentration (Nw) and median raindrop diameter (Do), and the logio(Nw)-Do
classification line applicable to Nanjing area was fitted. The classification line based on the raindrop disdrometer
data is applied to the ground-based radar DSD parameters retrieved based on the variational method to classify the
ground-based radar rain types. According to the time-height distribution of rain type separation index in typical
stratiform (convective) processes, and comparing with DPR precipitation classification products, the classification
effect is verified. Finally, the classification results are applied to radar classification quantitative precipitation
estimation to further illustrate the application effect of precipitation classification. The results show that the fitting
classification lines of the three raindrop disdrometer stations in Nanjing are very consistent, and the typical
stratiform (convective) processes of three stations can be well separated on both sides of the classification line;
Compared with the DPR precipitation classification products, it is found that the classification effect of the
classification line in Nanjing is higher than that of other typical rain types classification methods, and the
recognition rate of stratiform and convective precipitation is the highest, with 84.56% and 72.64% respectively;
The accuracy of radar quantitative precipitation estimation based on rain type classification is better than that of
unclassified rain measurement formulas, and classified R(KDP) has the best performance among all classified
rain measurement formulas (CC = 0.7648, MAE = 3.0952 mm/h, RMSE = 5.4297 mm/h). Classified R(ZH) has
the best performance in stratiform precipitation retrieval, classified R(KDP) has the best performance in
convective precipitation retrieval, while classified R(ZH,ZDR) has the most obvious improvement on the

accuracy of the original rain measurement formula.
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B 7K T LUARE 2 4 7K R G0 AT 2 ROFE AN e B FE AN [, 43 ek vk Bk R 2R ==
Ko BARZBEKEA MR TS 1 B E S BRI S MRS/ B T S, T 6L
P 7 LA 5 ) i B T 87 AR X Ao i R AR P2 R 5 2 (Anaginostou, 2004
Penide etal., 2013a, 2013b; Youetal., 2016) . J{Rz AIRFIA P A BAT AN R (0 R 18
WL, HXF MRS (DSD) 20 8K % 7 (Anagnostou and Kummerow, 1997; Houze,
1997) ; [RINFFE IS RY 22 O Se 3T R 1 S B S5 208, PR AR A 7] e K R 2 45 2
(B KA 26 M TR Ik s B K Al T R D . SR, BRI B 2%, T TR
X 3B K T ERARFAE . VB SHA . 2R Rl A R ZE A Y R A A DA R b i L 2 = 1)
S B K AL B B & Y (Yang et al., 2013; Steiner et al., 1995; Tokay and Short, 1996) .

R Y 4 ¥ SO0 N0 4 81 ) o 35 1 B e 7K 2 et mT DR Bk R M 1847 7396 Brringi et all.
(2003) #Rt 1 —Fhdk T s A e USRI R A e (5 7> BP IR R BOFRHEZE ) BITVE, KXt
JZ IR = B KR P B KB AT X 4, HLAX B 2r 2K 056 © & p R T — 22 A R (1 = fig X
(Leinonenetal., 2012; Tangetal., 2014; Suhetal., 2016) . Tokay and Short (1996) #2
T R TR T ORI B0 ) T (RIFR TS96) » EESZ T AEESHL (No) FIFERZ
(R) LRRIZEZH (4) FBEWNZE (R) I E KA 732K 5. Caracciolo et al.
(2006,2008) £ TS96 Jy ik Mdkhti EdEAT 1 ki, - T T4 X DSD Hidfs 7k
RSH (O FIIRSE () WK R, 5 R T BRI X i i R, $2 i T
BEEZH (No) FIRZESEL () KPR AR (R CA08) o F: T HiuTHi g i A HE 1) B
IKGFFHRTTE, BIREAE AR ALENS [ R EBONESE, B Tub SECE S A L, AFEAE 73R
e Ry PR A

N TAFRNESE . KIGH KA R0 73 A, — e 4@t 73k T S i Bl i Pk 7 25
J5id, FFIX A3 X B K R 2R 25 %7K (Kitchen et al., 1994; Awaka et al., 2009) . Steiner
etal. (1995) X Steiner Fl Houze #&Hi I B ik /K S 2 K Z,, BIME 7 LT T o0, 2
7 EET Z, TRAE . WERERTJE B DX S H AR (FTFR SHY95) . Biggerstaff and Listemaa
(2000 728 v % 7 AR g X (1 B8 H A K X SHY 95 BEIEAT T8 2 T 2,
FIRART CUhF) 3.5 dB/km HI7r2britk. mT ER = FORHAL I B /K B AN R Y R i 35 K
VAL, HORE R R 1 S B R RURZE 5, DRI T T S S 2 (] - E AT F K 2336,
Hor R EAFAE — IR E

AT T B E B B (B /K 3 26750, DR T B H5 1k Sl DSD 2400y Kk E .
Bringi etal. (2009 | FH KNP i /R SCHE X (149 RS ER 22 A Wl (1) — Uk # 80 R A< 7,
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T#li DSD RHIERDN A — AL EEE S 2 (logio(Nw)) AMARIFEEAZ (Do) HJ
B, TSl IE TR A K 028 (fRiFR BRO9) . Youetal. (2016) J&F — VLAY
R4y IAE E VRN SE LA A T I T [ AU (R PR K ST 43 SR 2R, R I L 43 SRR AN
VR LG I PERE 58 . 177 DSD S 40 B W (M DX I MEARFAE, R R P42 U fi
AR MR EZ W AFHADW . iS22 Wi —SU R RUERRHE (DA,
2019) , LA MHIETE X DSD S04 FEWT FU I AEET A B E X AU 4E; vk, HAT
CUA ¥ DSD Z4r Kkt 7, A TG0 R m i fR g 5b, HAl & 45 RAEE
—E PEIRNE; RN, B L FR 8 DSD 43 283355 T M gamma #5843 T DSD Jx i,
TCVEAE R AR 5 ek, HLR IS RAFE — R %

ASLHET 2015-2016 4F R AE B TRER % C I BOUU I B 125 R0 R b DX AN 25080, 3
i 36 YR FRIRANKS IR R AR, X P ] g b DX S BRI AT B v AT, B
T i T e X A ARAEAE A logio(Nw)-Do 482K 4k, SR F 3 T S H 48 i A8 43103t A7
HHE TS DSD S8R, A S IR T IS K R UHE M 528, NG o R4 5 PP LAY
TIE K207k (BRO9 A1 SHY95) #E4T T Xt L. HIF GPM DPR tHAEWS (K HE & B 2 iy
G, IEEET IR B TR AT EMEIE LS AN B KR 3R RO R B KSR, A BaK 43 95
RIRMB LRI (2 W, 2008, 2012) o Pk, Nit— B IIFRT siHX DSD 7))
SRR ARSORI LA VE RS 2085 8 T 1k 73 28 45 5 5 GPM DPR [k 43 287 S AT T X L
M. IR, AT AR 43 24k N T R A X XURIR 75 i B KA, A K EIE
MR A, BT/ B e BB AKAGTE,  DUE—0 SEE R A TR FE .

2 BHEATTA

2.1 BiiE

~
Y

0

e
H
d\

A

S
too> T

fm

i

S
\

AT P U5 B LFER S C I BURR 2 8 ) R A1L (NUIST-CDP) ¥l xi v
RO IX B KRB HEAT 7 6. TN TR 05 B LR RKFA KRBT, o fU R N R E
118.7172< 4b4 32.2069< RZEAE 11 m, #H##iF1% 150 km, AR DE 0.54S ki vifE
0.5 us, PEESFER 75 m, SER— A I i 1] 7-8 438 AT ARG 27K S S 22 R 7
(Zy )~ RIS (v) | JEERESE (S, )« ZHRFEET (Zpg) « RPEEWIRLE (Lpg ) -
ENEHRHTE Copp ) ~ EOEBHBE (Kpp) « HIXAR (p,) E2&E. AW SEM
R TR IR EHE AT AT QR AR EE . 1. BT AR B (TLUEAE, 20090 ) H A HfE
AP AT RN L BR: 2. FIA 21 sl EIRE AR TIR 2, « Zog oop » THERIEIREK
P rb ML e AR 3. XUEIS 1 ppp BEATIRBRIALEE, PR 21 P B IR AR AT
T, BJa R IR Ko 3 4. A T U8 CDP 32 B3 Eem, FIH Kpp - 2y BEAT
1E¥% (Park et al., 2005) X CDP &M SR ZR K 1~ Z,y #EATZEIITIE; 5. BR 1T IERG#
B Zy 4b, FIH Kpp - Zy BEA T IEVEXS 2200 SO 26 R 1 Z o AT BT 1 6. BUA{EM:LL
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20dB. py, DT 0.9, Zpg Bl Kpp N AHE 1) BRI dE -

AT A PR 0 (SRR SR BB ZR. D RS AR MR T HIX DSD vE43 2%
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frffily 154 FEAEF RIS CCHERBEAT A R R 6 R VBB I B, A
N3 T RSN T 10 AN FERT 26N T 0.5 mm/h, D5 R 12 AR

N T AL 3 JE TR IR R A 2B KA TS SRR HE e AR SOFE b T I S H 0 B B0 S d A
FAH, FEHEGREE 12 2015-2016 FEVL 5 P ut T & sl IR TP, A7 TR IAVE
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Fig.1 Spatial position distribution of raindrop disdrometer, rain gauge and radar
2.2 thEFEIE DSD BH K IES &

b LT IE AR M 5 T FE WS R, N Tk DSD Sk K o BT
ML T G AT IR R A K Ay 28, E e EIE XU IR & S DSD S8, HM
gamma 73 i AL AE FEAT L BR 74 DSD S8 s i R ek S AL 9T 1E - (Ulbrich,  1983;
AR RS, 2015) , N T RIESEIEREAN C WECE AWM, ASCRAT —ME TS
1 S iR 75 15 DSD J i /7% (Mahale etal., 2019; Huangetal., 2020; Sunetal., 2020) ,
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R R0 RS S A T AU IR S AR AR B, 15 BRI AR B /K Rp 1 (37 B0 BT
FE BT RO LT | R 22 B 7 ZE R PR AR AS A B 1 S 30 Al v F AR B b, e T
AR AR TV R ARARAN bR 45 B B AL R R 1

N T ULHA DSD ZHUSCE AR, A SOk 2015 45 8 10 H 3 B F 13 B 10 s 3 i 1 15
gE SRS R B, I ELYG AT R v A R OB T 4 R ARG SRR, %8
17 P 2(a) R (b) BT~ i A 3K A R 1], 4353154 Do T logao(Nw) A S 15 R i 1 T H AR 51, i) 43
PN 7-8 min, EHRTLLE 1, A5V Do Al logio(Nw) FITHERLZE L, Bepdk b ) 4%
W SAHR AL — 80 BLAE SO SR B /K B e LA, 10 B AR 432 AN I 18 B g L ik
WIEEA MRS RN, XELGH T A58 Do Fl logio(Nw)4h 45 EAE A 56 R 4(CC).
P25 2% 22 (MAE) AN U7 IRAR 72 (RMSE), AT LA EIE 5 S B4l 1) 38 70 B s 45 R 5 1A
BREAHS M, CC 405124 0.7662 1 0.8361, H. MAE Fll RMSE tH#/)N, 40524 0.3046 mm
F110.2399 mm™m=3, 0.4370 mm A1 0.2802 mm™m=3, K IHAHE T4 FE T S A 10748 73 vk 1k
AT R TR I Do A logio(Nw) ¥ S, FRARNBE st X 73 2828, AT Hh AT 1A PRk 73 2.

4 T T T 1 I I I

(a) Y
—— HiBE R 45 1 CC=0.7662 MAE=0.3046 RMSE=0.4370
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Fig.2 Time series data of the retrieved Do(a) and logio(Nw)
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HENG L 3 MM L ONE S BUK. ) 2015-16 A IARFE FEAK S 2 R EOR
CHD AR o BRI, ARHI T3 I 2 BT i 1 A3 B W9 2R ) PP 00« 1 R T 0K S 3 R -~ T Ao
BEZx (PPD) 1A S S 2 R I () FE s (THD dfs, L “BoKampE. &k
SRR BRI R T RS N KSR . REAERERRW
N 5IkRHE (Bringietal., 2009; Youetal., 2016; Youetal., 2019) , XFZeidiigit st &
EA AR CRD I RRRAT SR A FIE ik . W TEREBEK, 7 EAFE KR A
A F 10 mm/h LR B AR SRRk /N 35 dBZ. Tk A1 R 5-6 km A4, A
PR BI85 AR 5o WX K, TERFA KGRI E T 10 mm/h,
TR IA SR AT R CT 45 dBZ. R AL R E AE 8 km Bh b EIARIEEH N B A
FAEEEE e, IXH DL 2015 45 8 H 6 HA W /Sl AU — Ik A i B2 A 2016 4F 10
H 26 HAS G0 s — RSB ZARIE B, 5 T AR G BEKid 2 Bk
FEid .
3 NULALEAR OuRii) b REAE LI 20 ()35 1 A5 B T 6B P Pl b R T A S S IR T
PPI RN B ik S i R A1 THIE. & 3(a) v 2015 4E 8 A 6 H 00 B & 24 B 75 & i
S A A B RN 2RI R) P31, PO FR AR R R AT 12 I 58 15 I 2 I, RRERIN T AN
[ S} A6 4 e S 0 A8 A A K FLIAE T 13 B 2245 7T LLIA 25 100 mmih. 8] 3(b)Jy 2015
8 A 6 H 12 i 55 4) NUIST-CDP [ 55 1A i R K 7 i Ji$E 1 /1 (0.59PP1 & (&I rp 22 (A5
BAb 7Nl s ED ) DU RO 28 R R [V R s B AR AR 50, RIS &
il AL B 7K X 38 R A2 5 53 B LR S 2 R oK n] LIk B 45 dBZ DA . 1] 3(c)ly 2015 4 8
H 6 H 12 I} & 15 I 75 Al A3 A _E 251 NUIST-CDP 5532 S B 58 PR -1 i 1) g B T, |l
TG S 7S NUIST-CDP iz i 00 A ) B A S i B2 09 8 km e, R 1) v 252 31 1 1]
HA 7R 8 km LA R BSOS IR 7%t o IR 3¢ AT LLE H, AV FE A s St R R 1 [ 98 T e
SRR AT 8 km, RUTHRET-T 12 i 30 48 % 14 B 00 4 /2 A E TR BT 1A E3IRT 45
dBZ, H.T 14 i} 45 43 /e A7 G/ o i R A al DUR IR, 0 R4 5 It B /K R i
(R S ESE /N WEE S 1R R0 I DAASHI 7k Bk 2015 4 8 H 6 H 12 W % 15 I /2 4
ZSUae e IpeN 0] 4 SUR S EAPATRITHG Bl K
&1 3(d)4 2016 4= 10 H 26 H 00 B 22 24 B 7 -G i 50k s 43 (6 B 9 28 15 (] J 32 %71, mf
DRI 5 7K Jo R el A8 TR 5 4K L A I 2 I ) AR AU X 520N, ELBEAN I 2 v e I e AR 3 Aor
F 10 mm/h LLF . & 3(e)y 2016 £ 10 F 26 [H 9 i 41 4» NUIST-CDP )75 i [ 56 2 K] 1 #
JKJZ0A PP, SR 2B XTSI fiRFE,  EL R o B B AR T
20 2 35dBZ 2 [1], [FIy 5 FE R S R Gt AR I RS . 1 3(F) 2 2016 4 10 H 26 H 07 B
212 NG S B NUIST-CDP ik S 2 K71 THI B, T LAE AR G RE )
S R R T i B A T 6 km ZiA7 R BAR, OB R 7T 8 I 2 11 I i B 5 1) b Ah A
FEAR—FUH R AT 20 % 35 dBZ 2], IFAE 4 km oA L L 7 W R T R o
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Fig.3 Screening of stratiform(convective) precipitation processes
(a) time series data of the rainfall rate of raindrop disdrometer at 00:00-24:00 LTC 6 August
2015;(b) ground-based radar reflectivity factor PPI at 12:55 LTC 6 August 2015;(c) ground-based
radar reflectivity factor THI at 12:00-16:00 LTC 6 August 2015;(d) time series data of the rainfall
rate of raindrop disdrometer at 00:00-24:00 LTC 26 October 2016;(e) ground-based radar
reflectivity factor PPI at 09:41 LTC 26 October 2016;(f) ground-based radar reflectivity factor
THI at 07:00-12:00 LTC 26 October 2016
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Table.1 Timetable of typical stratiform (convective) processes

i A

[ KT

MEHA A&

EEK

BHEREA  NE

El
it

JZIR
2015 4 05 /J 08 [ 11:25-13:33
2015 4 06 I 16 [ 01:43-03:06
2016 4F 10 H 26 H 08:20-10:51
2015 4F 06 A 16 H 07:07-09:35
2016 4= 07 H 02 H 13:59-14:46
2015 4F 08 A 09 H 08:01-10:02
2015 4 07 / 19 [ 04:08-05:48
2016 4F 01 A 11 H 00:50-01:19
2016 4F 11 H 08 [ 01:51-02:28
2015 4206 H 04 H 09:27-11:32
2015 4F 12 H 23 H 14:42-15:44
2016 4= 04 H 02 H 15:43-17:41
2015 4 05 / 08 [ 13:43-15:13
2016 4 04 F 02 [ 15:43-18:30
2016 4F 10 H 26 H 23:20-01:35
2015 4F 06 H 16 H 01:43-03:14
2015 4F 08 A 09 H 08:01-10:02
2016 4= 04 H 02 H 15:43-17:55

2015 4 06 ] 28 [ 21:43-00:13
2015 4 08 /J 07 [ 16:31:17:04
2016 4F 08 H 05 [ 14:52-15:38
2015 4 06 A 02 H 04:53-05:31
2015 4 06 A 16 [ 05:00-05:36
2016 4F 11 H 21 H 07:25-07:50
2015 4£ 07 f 12 [ 11:34-11:59
2015 4 08 fJ 07 [ 08:23-09:01
2016 4F 08 H 05 H 14:44-15:08
2015 4 08 A 06 H 12:41-14:47
2015 4= 08 H 07 H 08:38-09:16
2016 4= 05 H 02 H 01:49-02:52
2015 4 06 /] 16 [1 08:28-08:58
2016 4 05 FJ 02 [ 09:24-09:59
2016 4 07 /I 18 [ 14:30-15:04
2015 £ 08 A 06 H 09:35-10:02
2016 4= 05 H 02 H 09:12-09:41
2016 4= 08 H 02 H 13:22-13:47

3.2 FaRHEX logio(Nw)-Do 7332k

N TG RNE R T X Y logio(Nw)-Do 47 K4k, AWFFLE SBAEHAL T NG Bk
AR A = T At ) 5 oK T 55 DSD 24 Do AT Nwe X gamma i 1 70 AR 7Y,

Rk AR

Horf, No RECHEESH, pn ROMIIRSHL, A4 RFFHI,

N (D)= NyD*exp(~AD)

anjsm_”D”N(D)dD

A2, FHK DSD ZHr] LUl LK 2~ A5G 21

D, - 3.67+u

1)

X =ASHn] LUER MR 1 —
YRR DUBREAMISERERAE , — A Ma SRR R 1 n B4
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Hrp, Do AR ESR, Do NREMNE T ERE, LWC ARAKEE, Nw AH—
WS H. B, BATMRYEEENLER 50004t B F2 HE 17 B 5L HLIX. logao(Nw)-Do 43 52k 1)
WA B4 R Rt 3 ANl S R A4 R, Hh i AU FoR R K, LB
FORMIREK, M RAIR R R X 2Rk, BEERFRET H DSD FFIEHEH )
— PRI KR AL r 2k (BRO9 732528 o mILLE H AR B AR B /K AE 3 2R 2R 9
EHEPERSE, HEA0 S E 0 RE R — 8. TG R, BaihX 5284 DL
FIRA:

log,,N,, =—2.02D, +6.06 )
Horr, Do bk mm NEAZ, Nw BA mmtm3 ygifir. 5 aiihX /R4, BRO9 7p2K4JF
AN BEAR L b T kDX F 2 DR R X I R K R 25, 1 2 — 3 40 XU R KR A R AR B
7K TP AR X 22 1) 43 S S e T i s, XX 0 A o 2 28 TR 4% 508 2% St DX St 7 g 4
R RS M 2 TR TN R 48P e B R R )

@ oo ERAHE ) IR @
45 I T BROMER 45/ < oo BRO9AEH e

Kl 4 A A logio(Nw)-Do 73284k (a) 75 &; (B)BIK; (C) s
Fig.4 The classification line based on the raindrop disdrometer data(a)Liuhe; (b)Lishui;
(c)Gaochun

3.3 HEEAMEK ST A

FEANE 752 B HUHX logio(Nw)-Do 73 RERJm, A L B b 3R T 70 AU A I AH ] S
RIZAR G A%, R 3 b s A 2 (10 M ik vk S, R P 22k Sl etis (9 22 7
134T DSD S8, IR R sUHLIX logao(Nw)-Do 73 RERARN,  ASGHIEIZ 7> FER AE L TR
BRI RERIE. B 5 s 1 3 AN At b 2 I T I AR 2 logio(Nw)-Do
AU B, P AN R E R AR PR AR K, 4 R BT IX logio(Nw)-Do 70282k Cyy
tREL) LK BRO9 73R4k (REEL) MANEM . ALK BLR St X 7 RERAE 3 huli fi sy
A DR b3 P T3 T ik K 7328, BRO9 73 AN X it ik B /K MR THAFAE — € iR . [
BRI BUE Y, P 5THX logao(Nw)-Do 73 S 2R AL T WA B 7K 73S B 7R TA B K 70 SR A
UFARIL, ARSCZ JE AT Ik 7 0 7K 7y SRS RS UE AN 73 S 2 A5 5 NI, R 25t
T RERHAT 1K
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Fig.5 The classification line based on the ground-based radar data(a)Liuhe; (b)Lishui; (c)Gaochun
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41 BT BATTZH S ARIITE
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LRI T DSD SR K 73 FIE I 73 KRR o D9 1 8 G 5 B J2 5 o M i 7 7 i
DSD ZH i, AN 4 km = EZ LR NUIST-CDP #idls (Zy « Zpg M Kpp ) K
i Do Al Nw, FHARNBIRTHEX /3 KRBT IR G318 6 Zr g th T /N Al B2 2015
48 A 6 HILBIGRIEAEA 2016 4 10 A 26 H it Rt FExE 37 i 203t 56 7544 S ) Do
1 logao(Nuw) RIS 8] 15 B EI T -
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280 LST
281 6 SRR ORRiAD) A AR BE TR 9K S I R i 1 24 THI
282 (a) 2016 4F 10 A 26 H/SAZIRELFE Do; (b) 2016 4F 10 A 26 H /N AZIRIEFE logio(Nw)
283 (c) 2015 4E 8 H 6 H7/S & Xl 72 Do; (d) 2015 4 8 H 6 H AW 72 logio(Nw)
284 Figure 6 THI of the raindrop spectrum parameters retrieved from ground-based radar of typical
285 stratiform (convective) precipitation processes
286 (a) Do of the typical stratiform precipitation processes in Liuhe at LTC 26 October 2016;
287 (b) logio(Nw) of the typical stratiform precipitation processes in Liuhe at LTC 26 October 2016;
288 (c) Do of the typical convective precipitation processes in Liuhe at LTC 6 August 2015;
289 (d) logio(Nw) of the typical convective precipitation processes in Liuhe at LTC 6 August 2015
290 N T EEMM R IR KGR, X EIAT SRR K B EL
291 i = logy (NS> ) ~logy (N5P) ®)

292 Hrr, NSPP IR NUIST-CDP I EIM Nw i, NP &K NUIST-CDP i) Do fHAR
293 AFMEHXAAELEAN (AR D) HHK NwfE. 40 EAER, RFiZABERKEE N
294 WRFEAK: M iEAE, REZAMBEKERYERMEAK. R i BEER,  HXT R
295 R G BE/KRHEt LAY . & 7(a)RI(b) s A4 H T /S Al 2% 2015 4E 8 H 6 H it
296 AU AT 2016 4 10 H 26 H MR SRIS RN S 205 BEFR L i it E] e EFI T . HH A
297 TFLVEH, SRR | EEAS A IEE (L), HA G E AR R N T
298 B 3() A X 3. [FIRE, B 7()EOREARM i (R N UE GRS . HIEE
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299 XN RLTE 2(f) R RS AR HE o K XK AT RUREL, R R Chbiat) i
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304 Bl 7 SR 2R Rt IR T PR /K SR AL 4 S FR 4 THI ]
305 () 20154 8 FJ 6 H N SRt 4 /Kid A%, (b) 2016 4F 10 H 26 H /NG B R F/Kid 75
306 Fig.7 THI of the ground-based radar precipitation type separation index of typical stratiform
307 (convective) precipitation processes
308 (a) typical convective precipitation processes in Liuhe at LTC 6 August 2015;(b) typical stratiform
309 precipitation processes in Liuhe at LTC 26 October 2016
310 N T IR R B X Ay LR AE R R T R IR R REREA & FH M, 1 8 4 H

311 7 NUIST-CDP 7£ A F T 5ok i S8 B4 20T BB 07T 3 AN Al sl b2 I AS 21 i~
312 ¥ Do#l logio(Nw), FFARNEERTHLIX 432k Ot E4) I BRO9 7384k (R L) kT
313 rERBORVEAG . Hoh, WOAREREK S, LEREIRE K, RERREZE (o)
314 SRER. IWNEHETLIE H, BT sl s i S8 RN 2R R AR d-Hh 23 A 7 7 M X 5922
315 WM, I BRI AR 4 B ORI S, i S IR G RE A X ST 4 2Rk RIS
316 bb, BRO9 4324 5t X S i 2 ) 0 s S R 2, 9 AR K AR — RO o R AR v 11
317 TR e AR RN R IRFE K . BT S, R R X 0 AR 28 3ok i e X g g A 2
318 IR ORI R FEHRA BT R AR
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Fig.8 Verification of classification results of typical stratiform (convective) precipitation processes

4.2 EF GPM DPR 43 27 @A > 2 SR I8 IE

GPM DPR 1E A — AR BN R F 1%, AEWS AN Ku Al Ka 3 BRI DSD (58, il
AT/ 20, ARk (S BT R EHEE (VI MACEEIGE (H2 B3
KGR BRI ARG ERI KR, JEREKIG R ROMIAE B (= k4%, 2008, 2012) . GPM
DPR ¥[8k 3287 i BEAE N /K 7 BRI AR TR S H B L, N TR0k T ot
HbIX 53 K2R 1) DSD SHUR I 4 FIEAE R 2B A RE P (R0 2R BUR, A 7T 1 iR B T R T
HuIX 2016 4F 6 H 21 H 11 B 47 J3 (¥ — YR MR S I 25 DTG AN, oK 25T g 3 1 X 43 226 Al
PR LAY B K 7328073 (BRO9 A SHY95) HIHBIEET A 43K 45 5 DPR [k 73287 gk AT
St EE AT o

9(a) % IT FL A S 70 £ (0.5 Y b B T ik PRI 4. T I 7 rp o T3 il 4 26
LRI A B AR H i thnT DUS I B BEFR I PRI g, BIIE 9(b)FTak. ATLAB ], 44k
HimmEEX (X, RoRmAmXED 58 o) i s R E X E S,
SEIREG MAERX GEGXIR, RoRBRFKXED G865 8T E o) AR %48
X,
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Fig.9 PPI of (a)radar reflectivity factor and (b)separation index at 11:47 UTC 21 June 2016

MY BB B UL LT S DX A SRR (B TR A ) A IR S DPR B K 4 2
DA FAth #8732 07 1% (BRO9 1 SHY95) [IZES, 1X BLIRATIGIE 9(b) 4 BS 484 i A IEM
AR N, o BRI XIS gl DL 5 A A3 SR 2 AT X L
10(a)-(d) A T 4 FhPERAK YRR, e () FRDIENER G BEKIIX
1. P 10(b) g HhIX 3SR ) 2 2545 R 5 T 10(a) 2 8RR IA PR K 43 284 A EL, koA
PRI ZR) XIRR TR AV & . i 10(c)H BRO9 7 JSLk (155 45
T R AL IX 3 25 2R, 2B 40 S B KRR A N E R B K . 1B 10(d)H i) SHY 95 #4432
55 DPR K27 BAFEH R ZER, FETHIE R R E AN T E LR K %
SMUHZENERBEK, SRR K Rid .
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507 e 50 ] - 50 = - 501
(&) [ SRCH (f) N (9) L. (h)

)

B
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10 S HPTAECAMG ¥ (a)DPR B 7K 3287 il (b) P 545 284K (C)BRO9; (d)SHY95 43254
PPI FEIRIDLAC i /K AL (e)DPR F /K 73 87 it (F) R it 73 2R 2K (9)BRO9; ()SHY 95 73245 R
Fig.10 PPI of classification results of the matching cases(a)DPR precipitation classification
products; (b)Nanjing classification line; (c)BR09; (d)SHY95
and scatter plot of classification results of the matching cases(e)DPR precipitation classification
products; (f)Nanjing classification line; (g)BR09; (h)SHY95
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N R R A EITNER Gy R EE R, AWFFER A JURTULACIS 4 1 B A0 B 28 R kAl
BEATIN 2R VLT o 2 5 W VL TE A 2 2 R 90 3 i T 2 B8 AT b i 75 A I Y5 43 81 POt T e w9
MR BT AR (B 10(e)-(h)) 5 FFARYE 4 Mg 3L 75 2845 o PR 20D R
ARt GEED BETIX 7y Pt X 7 R4 70 a5 R 5 DPR 702845 RO EL, TR
RN EATRI X HITE T DPR £ R Le 3K 5 2K T 20 mm/h BIHUSAIE N E = 10K,
W FEEL IR IK SR EE /N T 5 mm/h (R HOR ) E R K - BROO 43 R R IR HILA 73 2845 2R 5 1K 10(f)
L, fH BRO9 43 Lo 3 2 0HR FEACE AN EIRIEK, SEUEOHUSMZ . &l 10(h)
FHT SHY95 777 2K45 R 5 DPR AHLL I R AFAERCRZE 57, HLP-Ki/h T 15 mm/h 1) B R RIS
HRIAR N IR, WA R KSR D

HI T AN ) 3 R 25 R A — @ ARIRE,  DICAHE FE 3L B 2015-16 4F 17 (R HIIL
BEAMEIHERT T o 2R a5 Rttt 704, ULECREAHON 5703, 4 3 Mt 570 K% DPR 703K
P R G SR AR AAVEEAT B 2 EE AL . 3R 2 ARG R BRI GHEE R . X T2
WRFERY, LA DPR/E NS, =M IA 7 RITEAN B = BT 7 RUrr 26, JuH
& SHY95 J7 k2RI R IR A 45 R — BRI LLIA 2 89.79%, Fa H{Hh[X 73 2RELAN BRO9 732K
2 (1R 2R B AT I, (ER SR T LTk 51 84.56% 711 84.39% . [ AHXT BRO9 43254k Al SHY95
%, B IX A SRR B B K R AR A WY AR T, O 72.64%. BRO9 XA IR AN
62.08%, AH LRI S X 7 REA — @R AIFEAR. T SHY95 AR LR AN 30.19%, 5
FoAt Mo W 2R . ARG, X TR IR BRI 732K, R U X 7y e
HLT BRO9 A1 SHY95, 2 ARANKS L i 73 Rl 73 3l o] LAIA 31| 84.56% 41 72.64%, HXf T
X B A AR 2R B . B o DRI W] DAAS 4518, A0 i b X AU REE, AHEL BRO9 Al
SHY95, Jit - B 5l [X 73 2 Y bk 75 A B 7K 73 2883 mT B SE HE RS 0] RO I R K 24T 73
%K.

R 2 WIREH IR I 1L RS DPR RS = 5 (1 ) 45 IR — 2R
Table.2 Recognition rate of classification results of ground-based radar and precipitation type

products of DPR
PR SR — R (%)
P VSRS
JZIR Xt
P I T R 84.56 72.64
BR09 84.39 62.08
SHY95 89.79 30.19

4.3 FEIk 53 RER BT EE MK AT

H T i 1 X 3 2 %o i A R NUIST-CDP 8 ¥ e 8 kAT HERA I R 2 432, %5
JE B B 7K SR 0 b R 2K M B P NN J3E 7 A B, AN FUI K 13 ST VE N P i
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i X SRR i e A 1 3 s 5 X S S AT WA 40 2, g A
FEAR B A B T PR A R, FEAR AL 20 S L T B, M TS99 28
KAt

HEAT 4 2B A SO0 2 s AT 9 P 0 1 0y 2015-2016 48 B i 0 1
B TARK SO R W SR SR 10 B — REOSRRERUR, L2 BT B SRR
77 14 bheb e, LAV SR IIKEN . KA A 201 Do R N BCH, 46 W00 M A
B X 40 KL A RO OB, e T R H 3 2+ Zon Kop ZEfRIR
S8, SRR RO A O VRS EE S — e AR ) VU 5 e A M 9490 2
AT AT TAM T A RBLE, 5 T A KUH AR R(Z,) « R(Zn1Zog) -
R(Kop) MR (Ko Zog )« 76 3 B8 7 2T BI5THAIX 59964 1980 1y R 8] AR L BRI 4

Pk BAY CLURfRFREAD MR A G 513
%3 R Gl MALSHIE
Table.3 Parameter fitting of classified(overall) rainfall measurement formulas

WA a, b, Cy
R =a xZ} Bk 0.0402 0.6405 \
AR 0.0415 0.6330 \
Xt 0.0371 0.6527 \
R, =a,xZ% xZ%, JERYN 0.0058 0.8588 -0.5209
IR 0.0051 0.8878 -0.5364
X 0.0031 0.9256 -0.9628
Ry = ag x K& JERTN 22.5219 0.6800 \
EAIR 22,0032 0.6753 \
X 25.8726 0.7836 \
R, =a, xZgk x K& JERYN 31.3016 -0.7595 1.0217
IR 31.3954 -0.7623 1.0233
XF AL 31.0689 -0.7373 1.0102

N T BAIE NUIST-CDP 73 285 B[ /K fliTHRSE, LA 2015 4F 6 H 26-28 [ 1 5 T 1Y il
WA NS NUIST-CDP F/K A AR AT 5 b . T MR e o L/ Pk &, 1 7R
IBTE LN T30 8 AR EEE, D T TR IR 5 W R TR AT I (R DO, H E A AL
PEAT 1 /N3y, AT FAREAN BN BT B IS TR I /N B A B . NUIST-CDP
1R 2 05375 m, RIA Z g + Kpp B RS RIL BN, Jobt m i Ao e 1, FRATEEL 19225
m T AR _E (0 F S B T M S R TR LR, BB B R T B G E P T R % = AV
BE RN RRAT T, I HEANEEAE R EREBA AR .

I 11(a)-(h) 73 3 0 DU AR R 2 UAS I CRARFIZ328) AR BT 2 oo b B 1
HrP AR AR I R E, AR RSB I B IS U A R PR R P RLE H, BA
R(Zy ) FIR(Zy, Zpg ) BRI 45 RAE LB A A A AH ML, 76 R ORI 2 HE BB

BANFREFIR AL, TR0 R(Zy ) I R(Zy  Zog ) HUSTERTR BRI AR
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Bl RN, T Kop (4R MoK SRR R B CRAEES, 2018) , FTAR(Kopp)
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S HIFHIR (Kop ) FI R (Kop, Zog ) BUSE A, HISHEE— i $27t
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11 7326 k) s TR IR IR 23 PR/ AG T 45 S5 i i R & 0 b
@& R(Zy); (B)EE R(Zy, Zpg); ()54 R(Kpp ) (d) &4 R(Kpp, Zpg ) ;
@7KR(Zy); OPER(Zy4,Z0r); @733 R(Kpp )5 (NP ER(Kpp, Zpg)
Fig.11 Comparison of precipitation estimation results of classified (overall) radar rainfall formula
with ground rain gauge
(a)overall R(Zy, );(b)overall R(Zy,Zpg);(c)overall R(Kpp);(d)overall R(Kpp,Zpg);
(e)classified R(Z,, ) ; (fclassified R(Z,,,Zpg ) ; (9)classified R(Kpp ) ; (h)classified R(Kpp, Zpg )

T ASTRIE 1L s Gk N ARPEK IR ST 455, BATHE TR 4
B 200 2 R KAl TP RE . 23R BIR T AR RE(CC), 177 R 7 (RMSE) RSP 2 46 %
RZEMAE)IZETHEE R, IFrnlee T EIRAEARIRRFEAR S HIOGETH A R . R 4 T
DU 73 8 IR 2 3 I8 15 21 F0 e R B R B 3000 o0 R 23 SR R 3 Frr, 732K
R(Kpp ) FEFTA 73 DT 2 b AR L BE A A, MAE A1 RMSE 4373) 9 3.0952 mm/h £l 5.4297
mm/h, 153K R(Zy,Zpr) 875, MAE F1 RMSE 4374 3.3242 mm/h #15.9270 mm/h. %} T
JFIREFEAK, R R(Zy ) RETEREW B, MAE 1 RMSE 737’y 1.9156 mm/h il 3.8378
mm/h . FEXTL K, 7028 R(Kpp ) MIFRBLE AL, MAE A RMSE 7373174 4.0596 mm/h A1 6.7397
mm/he FEX T BRI AR, 53 R(Zy, Zog ) WK FERERIRTH BN, IXATRER
T Z g 4 T B s iU S50 (Youetal., 2019) o AR, 7RG HTHLIX HEAT
GRS E B FRKAGTE, BENE—E FE AR TH A S A A SO L, RS R )
BTN
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x4 rE G WA XG R
Table.4 Statistical performance analysis of classified(overall) rain measurement formulas

MR A FEA xR MAEMm/h)  RMSE(mm/h)
R =a xZ} Bk Hpk 0.7794 3.3505 5.9698
IR 0.8357 2.1770 4.1726
XA 0.6322 9.2378 11.5903
3R Ak 0.7825 3.2889 5.6404
22N 0.8464 1.9156 3.8378
X 0.6461 7.8462 10.0498
R, =a,xZ% xZZ SRS R fhs 0.7496 3.4156 6.8880
IR 0.8145 2.6810 4.4672
X 0.6226 11.5187 13.5745
ES EEIUN 0.7545 3.3242 5.9270
JEIR 0.8293 2.4846 4.2813
X 0.6432 9.2268 11.8547
Ry = a; x K&, Bk ik 0.7553 3.1970 5.8660
IR 0.7579 3.1105 5.6521
Xt 0.7407 4.2028 7.1273
ES EEIUN 0.7648 3.0952 5.4297
IR 0.7672 2.9730 5.3314
X 0.7581 4.0596 6.7397
R, =a, x Z% x K&, Bk AR 0.7394 3.8439 6.6787
EAIR 0.7429 3.4052 5.9485
Xt 0.7214 5.7267 9.1209
S L3N 0.7412 3.6271 5.5616
IR 0.7476 3.3718 5.5041
XF AL 0.7325 5.8967 8.8565

5 M4 5THE

AT FE AT 2015-2016 7 5UE B AR K5 C IBOOU i 4iR T T8 MR 50 DX TR s (80t
SEH T Pl F T R R X SRS AR A 3 I B T K O SR ik, WO SRE R AT TR
E, FERE P RE RN T XU IR TR L€ R AT, RSB T:

(L @it 3 ulim R ZAR Gkt B#/KK DSD 24, ARGk i 36 g
JEIR i) BEAGERE, UG 1 T R X ASBRRHE Y logio(Nw)-Do 73284k, AJ BAUK IR
3 RIS I REARFE WIS, 3 AU R IR AR Gt I RE R REMBAR I 3t 7> B HE 7
REGPIM o 2 J5 K 70 FSERARNKE LI Z Ik B iR B FAR 7030 S i A5 2 f) DSD 28, 4521
RIYNIZI FE REAR I MU BEAT M B TR A PRk IR 732K

(2) i 7 b e R R K SR o3 B4R B I 8] v FE R T, W] DURCEIZ 0 RIK RERS 4R
LRI R i) 1R, HopSRaf RAER 5 1 EORSF — 80 #5, FHTRiEf i
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