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N NN RN N DN R P P PR R R R R R
g A W N P O © ®® N o o A W N L O

W W W NN NN
N P O © 00 N O

WL AR B P IR AR S Y SRR T TR TS TS AR AL

FRY 2 WET S et Eutt, 2 kR 2 At 2

1 ZRE RGP R Uk H s aGa, B 250031

2 WHRAE NRBUFAN T RS IA%, HFr 250031

3P EA G N TR KA PO EA R A= Z Y E S ses =, Jb5 100081, Jk
7 100081

4 \LARERERE, G 250031
T E FIH Thies Bo' mE I OSOULI PR U FY 58 B B MR IS 7k, 454 CINRADA/SA 2 #)& ik
SR G, 4341 T H5 i W SO IAE B4 7K R TR A AR 20 S HCREAE « DA M T T 3 1% R0 L), 2 2251800
(1) FRUCGEFR AR AL 52 s v e 0 76 g A 5 v AU SE [ s i, B il s (e 2, B R T olbe
IKEIPE A . (2) SBARRK (R38R R>20 mmh™) Fg1E 24 IgNw. Do 598 R = A Eon, 2015 4F 8
H 3 HS% Do b R B RIRPIE K, LHMELRMRIREK, IgNw B R B RIZHR/DN, 2t
LR AR N AE; 2017 95 7 H 26 H Do Al IgNw 5 R #RSZIEAHZE, {H Do A1 IgNw B R 34 KH 218
R, MR LMARPRE N . SRR R KA N S R Z (A X R v LR R S, 8 H
3 HEBRKRABOEUNES, 7 H 26 HA /N REORE AR (3) 7[R W 58 (1A X6 It P4 7K T 240 7 37 4 e
fEEoR, 8 H 3 AREEFM G A (R>50 mmh™), EAE 1-3mm F/hkRi P A Z AR, B4 3-6mm
KRR R 0% FE B K, AHARE/K Z-R RARABKRE (1.61); 7 H 26 HFfA RN RE A& BT
PETRIRL B8 B R ARG, AR K Z-R RRAR/MEE (1.25). LZEEFMSHE W EL /M
YIS o A REAE U, 8 H 3 H B B /K I T U T B [ ROSF s ) W R S ARRAE, T 7 H 26 HXE
KR TR E-ERRAEH N IR L. (4) %1k Gamma %% Nw-Do 70 i iR,
(LR C RN i1 = B S i N i v NIRRT S (DL G - 9 ) @ E D N R (E
H 3 B FRA 52 M T kR — 1 R VRS- 0 YR A 7K I S AR AE o
REEE WL BRI TR RS- EARIR AT
XEmE PESES P401 TEARRTG A
doi: doi:10.3878/j. issn. 1006-9895. 2201. 2110
155

P Mo (RTS8 T 200 mmh™) HBLAIARFR AR, (E R 15 4% AR T B O TR
Ty RERR M AR AE BB . JRIE SR E TR W 2 R LA TR 75 325 HoR 77 T S
TR R R, FEITAR T BB I A (B EANAE, 2020). R, IRAWFRE
N B B AE A B LA, T A TR BRI 0 22 JOBE A F ML B A AR AR &
FEASIT FC RN R BOR B, MR PSR R . FE R BT ERIRAS I 2 X Bl = U )

BT IS (Low and List, 1982; Hu and Srivastava, 1995; McFarquhar, 2004; Straubetal, 2010 ; Prat
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etal, 2012) , {HAN[F7 RALERE H G EM B A /NIZER . Sitds RER B IRFE K -~F4 i i
JUT RAERHR B /K H (D' Adderio et al, 2015; D'Adderio and Porcty 2018), HHLA LR B ZLE T% A A,
FEERALEN RN 5~70 mmh™ Z (8 KRR KT, R 20~40 mmh™ 2 18] 6 N % H LA AT R
K. A4, BRI ERijlenhoet et al., 2003; Steiner et al., 2004), AR N i1 43 A REAE T LAKE
FRI I 1% 20 IR BE R Cnumber controll) « RSP Csize controll) AR <] 53 R &% (number and
size mixture controll) =%, DA, - 6 32 EHLH I BR MU SR PSR, 25 55 HE IR B sl 1~ Al
PRV %4> A1 (Hodson, 1986; Zawadzki and Antonio, 1988; Hu and Srivastava, 1995; Steiner etal., 2004;
Friedrich etal., 2016; Murataetal., 2020). 27 RIAMEE WERHE K, PR R R T o it 2
BT KK (Tokay and Short, 1996; Caracciolo etal., 2006; [47:%%, 2013; Yuetal., 2014; Park et al.,
2017; Seelaetal., 2017; Wuand Liu, 2017; Maetal., 2020; Luoetal., 2020) , XZKMEEE TR
PP ECE R SRR A

Blanchard and Spencer (1970)#ll& 7 190~1900 mmh™ A Li&[y (artificial rain column, T 60m)
() R 378 2 0 AT A, 0% — 2 0 PR 8 22 160 ) O 9 % RS IR 460, 4 190 AT 410 mmih™, 1500 AT 1900 mmh™
Y 3R 1) R TR T DRSS, E B S T R 1) R 3 i TR IR C B S 22 57 . Willis and Tattelman(1989) Il ALk
AU 450m 1= BE R R 1S, A HLBE S MY SRS O, B4R 2.0-4.0mm R I ECE BOZWHE R, X —HAR
05 FE ) 2R R B4R /N . PO 2 M X — YR KR 9 370 mmh™ (ORI MK R % o (Porct et
al.,2014), KRR HETE BAR IR 30% FE I i 380 . Uijlenhoet et al. (2003) 73 T PR IK &%
KIS 519 492 mmh™ F1 284 mmh™ [ 3 B 3R MR TS REAE, 45 SR SR P SR AT SO R R TR E L, %
K SRR 5 PR EAR Do ZAAR /N, (RRTHIRFERR AR . A PR 58 A0 437 WD 45 5 5 = A
Uiy MY SR IO T SR AR K] DL B A BELAR IR 0% B [RS8 85, tmy DL 2 e — 8 EAR TG LY
r A0 FE B NPT 51 .

Bringi et al. (2003) FFHZRIE BT LA 21 Fifi i ) AN [R) S fige X I — 4k Gamma 33 (1) #8k2h 2 450r
AR EAS (M- Do) P ATHRHIE, XTI IE K A PR ARG S8, s 1 “ KI5 “igye”
SHAR A K 2 18] = e FRAFAIE 1 2 53 . Dolan et al.(2018) 1) FF B Fisf ) A0 5 k3 BBl K s kL, AN A 26
£ Bk I T i 15 2 2 (M- Do) ZE 1173 1% 6 28, IFI R — R S5 IR e T A B FR I Rtk . Fedhoehii
Bk R T G DU, 28 1 SROICRH -1 F VR & B /K A R b R oty 3 e AN 3 e T 79 4% 1) 0 AT RRALE
B 6 FEUKANIAL /K I 2 ZE ) B AR 2 i SR 3 B B VKR 1 72 AR, DIORL 5 30T 1 T R T =
A RFE, PR Gamma W R R T2 748 «

H AT B AN R 1 X B2 7K RN ¥ 1545 A1E (1) BIF 02587384 22 (Chen etal.,2017; Wu etal.,2017; Wen etal.,2019;
TN KRS, 2019; B, 2019; EytE, 20205 FR%E, 2021; Wang etal.,2021), {H AR Y 58
R T PSRRI FE IR R 2D . 2015 4F 8 H 3 H— kR R R Gt R AEAE L ZRBE e A, % e I
N 97 s BRI SR Lmin 552K W S AT 2R RN B 43590 406.7 mmh ™t il 121.6mm. 2017 4 7 A 26 HHRUE
SRR G BAE L RS X, SEBTULII A Lmin 55K M 580 SRR &40 5004 390.6mmh™ £ 90.3mm.
AR A PR O I 2 W I AR I G, R 23 B AN i W R AL PR K () R R 3 AR 7 S BURRAE  HHE T
TH RN 7 0% B TR AL, Ol 7 08 e A DU B AR BB A AP 2 i ity P /K I FE R A 5 55
2 BORAITGk

P& Thies UG R RESC/r 3 F 2011 4F 11 A, 2014 46 H % 3EHF /T (36° 41°N, 117° 32
"E) MNLZRZEM] (35° 42°N, 117° 56" E), iz L E%F S W Frasson et al. (2011) HI/M4H.
Angulo-Marthez etal. (2018) XftH. T Thies Hl Parsivel® (%5 —JiA<) W7 mg i e A 00 Bt , &
IAEPTA KR S8 E A B3 22 5, IR 22 el PN SR A I RT3 K . [l — R AR £ 2 () 22 7

B, F—AIE R Thies MGG~ HAEF AHLLRUI 25 8 (Guyot et al.,2019) . {H Thies I Parsivel
2
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PR R 3R B (SO P 22 AR R BT L AR B U B 1T ORI 45 SRR (Johannsen et al.,2020) . [ ¥R 1AW
GORL R BT I B A Rt — B, Angulo-Marthez et al (2018) F1 Guyot et al (2019) Z& 1w
206 T VA - ELAR 1 50%RL T, FARSE (2016) 56 A B 25 0 (i 125 440 16 19 37 46 o - 145 = 60% ¥R 1
JG, TS OO AR SRS B Sl 25 BB — 3. ARSI S R £ 60%1E Jbr iR 2 45 i 2 42
IO E- BRI . SiAh, 2R 22 YR EA KT smm R RRI T, ASCH RWAEE,

Z W RS EIL TR (CINRADAISA) fiTHtr (36° 48"107N, 116° 46°517E; ufi's 9531)., &
M (37° 20°60”N, 117° 58" 417E: %5 9543) FllEJT (35° 15°00"N, 118° 25"12"E; uh'5 9539), ¥
T VO R U A B 5 P RS M 7 T PR S 200l 22,3k 114.5km, 552 9 R Vg A 1 3 R A
[P E BN 68.1km.

) FH 30 R SO I Bk, R R RS G T AR DA R A k6545 31

20

n..
N(D.)= 4 (D
() ;A-At-vi~ADj

A (m®) FTAE ()73 52 Thies o G g A HURE T AR ATHURE R 18], 23 %14 4.56*%10° m? A1 60s, ny; (4>
160s) A5 j NEAREIE. 5 i MNHAEEE M EIRE, Vi (msT)RE | NEREE, 5 AN s X
R IFR VAR, AD; (mm) 2% j NEAEEKSEE, ND) (mPmm™) 254 j AN EAEIE D & D+A
Dj 2 8] ) R G HOR B

HAr, AR S— M Gammak 4 A3 (Willis, 1984; Testud et al., 2001) A:

DY D
N(D) =N, f(u)| = | exp| —(4+p)— (2)
Dm Dm
4
Hrp N, = A (”Z] (3
o, \ D
6 (4 + p)
) = ——— (4)
H 4" T4 + )
D, = % (5)
MS
10° Z Z i (6)
:—X B —1
P 4 'AAtV

WARRKESE (gm®), p AKIHE (1gem™), u ABIRE T (EEHNSEHD. Dm & FHI5H &
HAA (mm), Nw 2 IH—1% Gamma 73 i A EE S5 (mPmm™), RWMIKERIEE. Ms. M, 205 2%
3. 4B, B nBhREE SON:

o0

M, j N(D)D"dD &)

0



100

101

102

103

104
105

106

107

108

109
110

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

FSCRIF S AR EL 4 Do % B B ULER 4 1142 Dm (Bringi etal., 2003), Dy 15 XLJy:
j; N(D)-D3-dD=j§"“*N(D)-Ds-dD (8)

Dmin £ Dinax 70 71 & ST B /NI ERK ELAR (mmD o Nw R I R A5 (Thompson et al., 2015) -
.67 (10°W
y, = 86710 .
ﬂpw 00

WAL, WRERAMREE Nt (m™), W3 R (mmh™) AIEE R ZRET 2 (mmPm™) ] LUF Y i
BRI A

N _22 20 nij 10
T_,Z_l: iz_l:A,-At-Vi a0
R=67x10" D} —— i 11
T X Zl ; Ar At ( )
Z-=
Zl Z A A, -

3 RABRMEBELEKEE
3.12015 4 8 A 3 HAME (AMFIl—)
2015 £ 8 F 3 H 08 i} (JLEHF, FIA)D 588dagpm £k MKIT A Rl X £ 75 &2 7 (35° N Jif
) T FAEEE B (RIS, AR LTI . GERRENSD SME I FE R R IX, 500hPa %R
JEA RO T N S R ALES, sl At (119.5E, 51.5N) [A] PU RS J7 A B X . 32/ 55 Al
FE A BB S IE R R, LR TG BTE T 5 IR K. 08 B R s (EB),
FCFBEL. FATHEEUR K $85043 7 4-5.88°C . -4.15°C f1 43°C, CAPE. CIN 4374 780.5J/kg- 154.5 J/kg,
AT ERMR RS . 0°CHI-20°C 24378 5.0km F1 8.7km, %im, AR TIKER-4. HEKE,
SR RS I R T HH B B KR R KR
8 H 3 H 14:46 Fik[FIBIE M HUK) . ISR IRIEIE, 15 AR mALRS Bl i B2 el 55 - 7E 16:42 JERE
JEARZ [0, [ B 7 R B30 P i 0 37 e oeb IR A A, ARG T A H R [l ey CPIE D . 17:41
R L A TE R (B 1a), KT 40dBZ [H13 XK BEEE T 400km, 5 K ZKF24 56dBZ, 13
Tt 165, Okmeo [y ZR AL DT RS, 19:43 bR IR1BAT O350 23 FE0F v W9 VR A B i e n ik, T2 ik
BURTEFE KT 45dBZ HSR I X (& 1b), [R5 T ) JZ IR B AR A R R NS, T R R YE F HLE 2R
KT 30dBZ [ X o 20:30 RV IEACAL T-0HRAER K Z B X (B 1e), BUERAREIR 4R S K
J&, TR RV A Z AR B X, R VR A A 7 A R B[] B 7K
V1 Ll R ¥ T SOW N -2 2 S5 28 TR Fy v 82 - TR0 TR R PR B i M 2 B D o WHiR =
40dBZ )58 [ 3% 15 7=56.0km A2 £+, 18dBZ[RI3% I 115.0km A A7 o A77E FiAN K T-45dBZ 158 [ 3% s, 53531
7£19:25H120:00( f5 - 20:00/#)H 0o B SR —L8,  fe KU FNATABZ ISR il . WP 5 1R A% 1) 55 ]
WX, [El o FE7E25-30dBZ2 (8], X @ F it X . 20:40-23:10/2 F B JZIRFEKET B, 2 ARBEK AT
(20:40-21:10) HHIZ (<6.0km) [m] 4 i 55 , 0°C 2 527 9 58 JR B2 %, I H.4.0kmEL T K129/ T-30dBZ,
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{H18dBZ B P T s o SR /K 5 1] (21:10-22:40), 6.0kmUL T2 [H SR I0°C R 254, 4.0kmbL
IRl R, 18 dBZ IRl T AR — B AL T T P o 220 Jek RS (SR a5t P 5o I g L 20 Ak T ok
SR B, BR[EIE O R, b e L S R m] Y S R R ) e - R T (D, EE AR
JNASABZ 3R A3 T 15 7.0km,  40dBZ ) 5] 38k T v £99.0km, LY R V7 1 SN s PRUT 1 [ 0 o o A vk i A
40dBZI) [E1 i T i £49- 20°C, 45dBZ A5 [F138 T i1 £9- 10.8°C . faon o A s ZUM 3 Higsh, (HEH vk
& (Wittetal., 1998) .

Altitude/km

2100 2200 2300

Time (Beijing Time)

Bl1 2015 4F 8 A 3 Hyrd B —REEE LA A A% (Ffi: dBZ): (a) 17:41. (b) 19:43. (c) 20:30, (d) ¥
I T DAt e T I SR A R (B dBZ) g E I TR
Fig. 1 Composite reflectivity of the 3 August 2015 at (a)17:41, (b)19: 43, (c)20:30, (d) height-time profiles of radar reflectivity
at Jinan disdrometer station
32 201747 A 26 HAM (M)

201747 H 26 H 081 500hPa sy 2 AL TRl L& 74 1l PG4 L e 2B i 4 k5, 588dagpmZ M iliZR
EFEES TR A AL P R R Y ) R, R A A B e A A P R T ] (R
850hPah Ll Pty JTAbAE R B L AR A AL E A VIR LR, T B AL 12ms ™ ) 76 g RUIR S . B A
R %%, 700hPabl Bl s 55 A48 , 1AM M [ (RS ) 1L AR 2 ch pa s DX, A2 T 50— Ze s T g
Zefid R P R AR XA (IR D . O8I AR MIERZ (B WD IRTREL. FATHEECRIKEE 4 7 -1.04°C
-2.93°Cf128.5°C, CAPE. CINZ} % 41773.8)/kg. 7.9 J/kg, AT AR K< . 0°CZEmES5.7km,
Wi, AFIT A,

7 26 H 13:24 BEGREMEIA R BB RE, B R RS, FRESTHLXRZ . KM

5



172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

206
207
208
209
210
211
212

213
214

AW XSRS R, 19:10 B JE AR I R [l ity (IS, B KO 2 T 62dBZ,  [BI9 Ti
It 15.0km, G E 80N - A — Al A PH AL 2R B In) iRt PR AR (IR D, 12 Rl i oK S it 2 1A
¥ 58dBZ. 19:28 I &AL T aa &3 (& 2a), 20: 15 W& 3 A8 B X I 2 < PG 1) (& 2b), {H[A]
B AREAEL TS SR UL 25 LS 4 K R R SR I e, 552 B O3ty DA ZR (1 B oK e 3 26 (Rl 62dBZ, (a1 38 T e e
1t 15.0km, TIRRIEE b2 SO R Ry 52. 5dBZ. T 13.2km. SREIEEEE T MR A, BT HIEN
IS5 0052 B U035t 5 B K R A A S ) o 210 27 B CRRIMS ) 003N i Ak ik 553 P 5 [ S8 5 AT IR 2 [X 2 )
PRI, X EIIRTS, —MAKT 25dBZ, BB ER = X W55, HATEREIMSERM B, 235
L AR 35-40dBZ 5 m1 3 (1) i [ B S5 14K (I 200

TR R ASCOR N sy I 21 f SF 23 ERT - 14y v B -t ) S0 T (] 2d) SRR, WL zs 30dBZ o (B T =y 204
12.0km 7c 45, 20dBZ B9 T3l = 15.0km 7545 o AELER AN KT 40dBZ (158 B3 oty , 43 JilAE 20:20 F1 20:56
A5 2 M o5 o 39 X AEARE I S R R 7/ N T 1dBZ, = Z R —28, 21:35-23:00 A& 2R KA B,
18 dBZ [T sE2EAS7E 8.0km Zity, H OCJEFAAFAE ALK . S5 —AH L, ZAMEI xR B K
FIZ AR B 7K 2 S5 238 DAL 5 B 0 T s A A I

a4 A a4 a a N
o N M O ® O
T T T T

Altitude /km
Z ldBZ

o N s [0} o]
T T T T

2000 2100 2200 2300
Time (Beijing Time)

K2 2017 47} 26 Himymsi—REZLEHEHEG AE (B2 dBZ): (a) 19:28. (b) 20:15. (c) 21:50, (d) 5
I R R o R A S R T (A dBZ) e JE - T T
Fig. 2 Composite reflectivity of the 26 July 2017 at (2)19:28, (b)20:15, (¢)21:50, (d) height-time profiles of radar reflectivity

at Mengyin disdrometer station
4 RSN G SHARRHME
4.1 MBI SHE 75
41120154 8 A 3 M
132 R 1 N (D) FIRR 42 55 o ) 1] 3848 . 19:03-20:22)8 T- %A FE/KC (R>10.0mmh™), AT 43

AL, 55— B 19:03-19:47, MRS HI4183.5 (19:22), 214.2 (19:30) mmh™; 55 i E:
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19:48-20:22, I KR 4406.1 mmh?, HINAEL19:58. 20:25-20:33/2 50 £t ¥ X, FSRLES-10 mmh™
Z I8 EARFEK X 7r ST (20:34-20:58) F1S2 (20:59-22:59) WEL, S1PE/KELEfawE, 0CE= MRS,
R 9 AE5-10 mmh™ 2 []; TS24 BEGRIMOC RS, MismAR bk (E1d).

ST BRI B, BN TL mmANKL T (808 B (32D, 3 E4£1000-60000 m™> mm™ 2 &), fELE
AN $i3% 1 k60000 m™ mm ™ 1 B XIS AR5 — I B R SRIE 55 1 B 19:34-19:36 (Y 5 ££80-102
mmh™ 2 [8]), BL420.31mmtIkE 5025 B £ A85358 m™ mm™®; &5 AN /IR F 4085 B i A IX H ILTE B KR
3 (19:58) ZJm2min, ELf20.31mmZe A5 ki1 I kK k8270000 m mm™ . 1-3 mmAt 25 R ~F kT
M B BAE50-1000 m™® mm 6], HASUAHIE 5N RS R I AAE G SR b, S B
SRR ITRN BB RO AR B, T B B B AR R R iR BB ARG K T3 — B B, B S RS R U
FEARK, AN, EA23-5 mmif BT A ELAR KT Smmifi s KOk (50% B 46 1-100 m™® mm ™ i,
B /NFI & RS R T I 80 B v AR R AE A AN IR, 5 B BOA 22 1 KA R 7

JEAR KR 1S A 3 B 2250, 2R 2 STH/INRT R 28 R SR HO B0 B e, /IR T RS0
J¥ E EAE500-5000 m® mm ™2 [A], A R SR T R BEAE10-500 m mm 7t 8] . TS2 /N AR R SF
BT B0 FEAR, /NPT £ B 4E100-2000 m™ mm™ 2 ], Hr4E R SR %0 B AE1-100 mP mm 2 ] .
SIEA BRI AR FHEE, —MRAEL-50 m™> mm™ 2], (HE Ak 7 EA— AT 4.5mm, TS26k
b1 HE FEmS /N, BB R T BLAR826.0mm,

TEJE X R R T RRAE 5 S1ZRBL, R U8 BEAH ZE A K, (B KR T B A — A 4.0mm, 1558 5 4

1g(N(D))
= 5
ji 4
= 3
2
1
0
~N
- g
S 00 1% 3
> T S
7 €440 S
. >
\ : =" 2
1 1 1 | =
1 [ i b
1 [ 1 1 —20%
|I I| 1 1 . . n:
5 ql) T T (L T 5
[ o 1 E
I
_ ﬂf\ R 1 'g
E 3 ! n AL 1 e
R R [
S ok A 'Jﬁvv =z
P (agl 1 i
1F [ [ 1
- 1 1 1 1
0 [ I I R N U EEPUR | B B R B

1
1900 1930 2000 2030 2100 2130 2200 2230 2300
Time (UTC)
B3 2015 4F 08 A 03 Hi¥m (a) Wik N(D) CREBR, #A: m3mm™). (b) MKE Ny (B, REFERR
T Z (GEEL) MNER (). (o) H—1k gamma iS5 E IgNw (4R€azk) 1 Dy (BeLl) B F5)
Fig. 3 Temporal evolution of DSDs and integrated parameters at Jinan(a) N(D) (color shading), (b) raindrop concentration

N+ (black line) ,reflectivity Z (blue line) and rain rate R (red line), (c) normalized gamma distribution parameters IgNw (green
line) and Dy(black line) on 3 August 2015

S Z AR B S R A A — S AR - A (3b) , MR Y BRI 6 M A K 1 Z 8, Z KT 45dBZ,
KN 67.4dBZ. Np 5 R HiEASHAARI A AR, BN R A B BUE R R SR, 10 27 B 9 I%
SIMT B, R O R UK 26360 m™ B BLLE W AN K R BRI 2 18], %R 98 R A 102.4 mmh™, T
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T K T BRI X 7 R R R IR SN 13772 m*, FE 2R E BRI B, B30 Z 55 R 2 BAT HA — B isas
A, BRI SR X R Z {8, Z KT 30dBZ, kA 50.7dBZ. Nt 5 Z FIsAS A, EIRa
S1 Fit X BRI MK, MEREs S2 MR E /N

Kl 3¢ J2H—4k Gamma R EUS 4L Do A1 IgNw Bl B[] 175 2% o SR 7K 1) Do 22458 K, 7E 1.9-5.0mm
28], 19:26 A1 19:58 M AN 5RFUT I Do HASEHITE 4.0mm. IgNw BUETE 2.6-4.2 2 [a], HAR{LEHE
Do A o I X B AT IgNw FIEINET Do EAIRBE/K S1 2 BB IgNw A1/ N Do,
{H Do A2 IZ W RIEHs, IgNw SBEHTE/N . S2 SIFSkRE AR/ IgNw FIEK I Do, Do B Y SR A1
KIMIGAT IR, ARG XIEAT /N, EEAE 2-4mm 2 08], 10 IgNw FOSELE 34 3.0 224 ks
2.0 iifq s
4.1.12017 4 7 B 26 B4

2017 £ 7 H 26 H ZEFH5R B K AT Z R B 7K 2 6] B 55 20 2, (R D9 a9 DX A b i 2 AV A = A
K (B 4. GiaH—RE 5L BB RRE T, BRI AR B, 5 —Br B %
JKAE 20:18-20:50 2 i), KM% 390.6 mmh™ tHHLE 20:26 (& 4a), KT 200 mmh™ (s i 5 B L
4min; 55 I BEIORHA FK 1 BLAE 20:51-21:17 2 [A], 20:57 I % A58y 116.8 mmh™. X R4 K 7Y i
W NBLTHUE S E (K 4a), FEEAE 500-60000 m™ mm™ 2 [f], #—FrBEREK (20:20-20:30) A EH
ANBET RO, HUE KT 60000 m™ mm ™t R X 38 3 B 200264 20:27 P, X6 £ K R SR AT H:
JG 435, 20:26 B4 0.438mm IR T 5055 i ik 75862 m mm™. 1-3 mm HhE RS TR R
£ 50-1000 m® mm™ Z ], EA& 3-5 mm KR FHIECE AR 1-500 mP mm™ 2 6], B4R KT Smm gk
BT (H0 BEAE 1-50 m mmet 22 (8], KRR KR ) v 5 1t BILAE S K SR 2 i s T s

JE IR B 7K R TV R0 B8 B A, VBT 5 B 4E5-1000 m™® mm ™2 A],  r A R S) kLT s AR
1-50 m® mmt 2 [a], KR FAEL-10 M mm™t 2], S5AME— AR FEK FE R A b, A R R A,
T KRLF BN .
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Fig. 4 Temporal evolution of DSDs and integrated parameters at Mengyin (a) N(D) (color shading), (b) raindrop concentration
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SHZFINAERT T B S RAAT S A — S0 (El4b), ISR SR X6 R K IZ RN, 4
51°066.1dBZF128389 m*, 5N — i K IS EUEAB AR L, ZAMIZ. N RIR =& AR 4. 18
FIRE KB B, ZEZHINT SRS BA A S sy, HihT RO RRE 17803552 /0 8 K
[R5, Bt PAZ FRUEAE -5 N R DA T AN T8 4060 B

Klac2 )3 —AGammark 2 £IgNw. Dol I 8] (R AL o WAL P 7K Do 2 AL /N, #£1.8-3.9mmiZ [H] .
IgNWH{H T 224E2.2-4.2 2 [f], HARHEH 5DFEAM R . FIRFEKDorE2.0-4.5mm I8, [l [E)EE A
S AR, AAE L 4.0mmIT RAE s IgNwWEE B/, FEEAEL.1-2.6 2 [/ Uijlenho et al. (2003)%;
it 19584E5 H 13 H M7k AN 5 K M #2492 mmh ™, HDofE fe K N # Al 5 A7 3L H Bl W5 5 P i IR
FERGIELL, BT P4 FR % 4% 4E (Hu and Srivastava, 1995), S 3C 23T S VA% S 1R 9 B4 /K M5 Y Do A B
BRI DoMNTE SR FE7K I B W R AR AR AL, T M1 — Do MINTZE 3R P /K I BUA A AR e
A — B KA R 5 2 EARAEHIRRAE,  J5 — M5 B8 i [ra) R P52 425 1) 1) 9 ¥ D5 R AL o
4.2 H—WSH Nw. Do FIFHIRE Ny SRR RMT

52 IS Ny SRE98 R P0G &, Seek R amxhi (R>20mmh™) Nr-R &2k, MkE, A
[F RIS FE AL 7K Ne AR R TEAHORIY, BEERYSR R 3G KM E Ny 2 1Z#TE K, (HAEEY]
PFEF . M ZARFEK S2 IS Np A, W1 0w 2 ek A P K& 26 T S A T BRI EE Ny
B, BRI SR PR KA 2R o X PR HE A LA, R B SR AE 50-100mmht Z [a]i, A
T MY BRI Ny AH 223 — N2, AN 2R K R TR S N 0 ECRAEG, i 9 9oL PR /K U & L o %oF
TR KB S b b, BAR R 7E 100mmh™ Z2 451, Np tBERHE, 152 B AN — B/, BRI
FE7K Np-R G2 BB BRI A I, M = BN RERECR I FR 2, 487 MY A R0 Y 9 A 52
PN

(b s s
oo ed ept
."’6" (]
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.‘.
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‘30 %% 8 °
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" +S2 % o o s
—— N;=712. 6R™ ¥ o o - == N=481. 0RO 6%
10' : L L 10! . .
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B 5 RIS Ny 558 R OB ERLA 2R () 2015 4F 8 H 3 HiFR. (b) 2017 4F 7 H 26 HZEW
Fig. 5 Scatter plots of rain concentration Nt versus rain rate R retrieved from raindrop size distributions and fitting results (a)
Jinan on 3 August 2015, and (b) Mengyin on 26 July 2017
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T 1 Do B/, B Y SR HE KT 3 K A 4 B 28 . AT 7K. Do 76 WY 3 50-100mmh™ 2 8] LL 7y i, Hfe
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AN f¥] Do-R F1 IgNw-R 73 i AT {15, JEARFE K Do 70 A th LLE B, A7 7E — S BB K 1
{REEAEE T A R SR IG KT8 K. ALK Do BB AR, Do Fifi 45 WY 9 K 2T K, (AilG 2
AR, IR Do b R R KT KA AL . JZIRBEK IgNw BUER N, BEE F R R H
B AR . XTI K IgNw Bl R 32 TG K, X2 54— AN [F] .2 &b

VP2 T T ANFIZRBLBE NI Do Nw 5 M35 R, Bringi etal. (2003) 4347 W] W58 KT 25mmh
i, Do THELE 1.7-2.0 mm Aidy, WRRAVEGINFEZLRZ BT Nw B 5EM. Chenetal. (2013) 43#fr
KT M R 255 67 B K M T S HOR B, R 3R/ T 90mm h i), Dm AT Nw [i35 R/ 948 A #1019 K
(7, AELZE FY 98K T 90mmh™ IsF, Dm #a T4 5E 78 2.0 mm 78 47 o A SC AN 7 P 7K 28 Do-R A1 IgNw-R
BANFAREEE, M — RIS K 32 B2 Do 520, 1M = Do AT IgNw #RF 521 o
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(a) —— D,=2. 4653gR-1. 4257 (c) e C

o S
—— D,=0. 66861gR+1. 6851
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] @ .
s 4r — o w%'? T4 o & _ -
o o oGS spmiven asgpe Mo . g aogw S TS
= 3k B} a%vﬁf;‘@:".’r uf'.,-.'o.‘;‘.i-._h_ ’:?E 3k __q_.——"‘“f:" Ao O
5 Y o) C = P T
o ° PN —g=tf
g ok sg,otgoo oo % P z 2;9(@ 8 § %m§ 3
pes o oo° e T \o/o o, C
R « SI| = 1F ° S
o S92 = 1gNw=0. 6080gR+2. 3061
0 T T 0 - ! :
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R/mmh! R/mmh™

K 6 % IgNw. Dy 59 R BUSRAIEGE (a) A (b) 2015 4E 8 3 HFFE. (¢) 1 (d) 2017 £ 7 H 26 HZH
Fig. 6 Scatter plots of IgNw and D, versus rain rate R retrieved from raindrop size distributions and fitting results (a) and (b)
Jinan on 3 August 2015, (¢) and (d) Mengyin on 26 July 2017

4.3 Z-R RARHT

P72 9 S 10 R T R 2R A 12 5 W SR (R>0.5 mmih™) 550 1, RS 28 2 i I P /K (R>20.0
mmh™) WAEHFE, mRIBRA B BRI S2RAME — EAREKINE T 12, AR H —REYMES
XL REKZ-RK A (Fulton etal., 1998) o M —XHtFEKC LI X TANZ R /K STAE #0734 7R X i
BEKZ-RARAMG LML, JZRFEKS28 U e i KM G2z b B RWE G2k, xHmbEKC
FZIRBEKS2IZ-RK R W REOFIFE A B35 2 57 . M ZXHR BRI Z AR PR Z-RK R 1K R B
i, B R R R R — AR W B B IR K Z-RI AR AR B

PO TR K Z-RK BRI BAE, AN — A BN RBONBCR RS, Mo 1B R, BRI
FHOMNEBNAI45%. SUijlenhoet et al. (2003) W FE45 R EL, Al — WK Z-RK R Bos X T A
TR s W ST A, T 91— A R P 42 1) PO 9 ¥ DA AT
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Fig. 7 Scatter plots of radar reflectivity factor Z versus rain rate R retrieved from raindrop size distributions and fitting results (a)
Jinan on 3 August 2015 , and (b) Mengyin on 26 July 2017

4.4 I IS RHE

4.1 AT T R TS BEIS (B ASRAAE, Dy T S A P AR R R 1 S S RIS R, AT AT
SR ANF RN o A S R IR AE . N — (045 8 SRR E, X T IR S1 1 S2 43 73 At i i)
IR, R AKIRIE R 9ROy 6 2K, BAAGE RN 1, Rhibag i 7R EBNFEAR (8D,
PSR S IgNw Do fE. M 45 6 KM, —R2 R, XHRkFEKEZ 58 5
%, S, BAASRILE 2. W58 R>200 mmhtif, AN —FAME] SRR K 4. 5 FIEHR
REBUDREAR, w3 AR . M — B R P KT M BRSO, P2 IgNw RS A U/ (R 34,
TM~F-351 Do WA SR o AN — 0] 52 B I R K TR 5 K, IgNw A1 Do RT3, B2
BRI, BN B BRRLE, X— i8R S A R oA — B0 .

1 201548 H 31H 83514 by Vi 1 11 25
Table 1 The main characteristics for 8 categories DSDs on 3 August 2015

Category R/mmh™* number/min IgNw/m3mm’™* Do/mm R Immh
T 4<R<9.9 9 3.49 1.69 7.2
S1 2<R<10 24 3.29 1.88 7.3
S2 0.5<R<15 120 2.33 2.86 55
1 10<R<50 31 3.44 2.34 26.3
2 50<R<100 24 3.52 2.98 75.6
3 100<R<200 18 3.17 4.05 135.9
4 200<R<300 2 3.30 4.28 244.3
5 R>300 2 3.23 4,90 384.8

Kl 8a &Ml — 8 FEFHIMN G /AT B, VX T RIZIR S1 A P8 28il, 4, W kLA
FEANAE 3-4mm FiF X AR EZ 5. Z4R S2 P15 T F1 S1 ik BAE], /NI &5 RS R (1
B A, AR ORI A0 B AR, AR E S XA B KRl Canxhimt Bk 20, HER 74k
HEMIRZ . dHRREKE 1515 2, 3. 4. 5 AHRZEN, RGN 7.0mm, BN, R1HC% AT
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A BN X 22 3. 4. 5 AE/NRTR AR RSIRC 7 ROTE RARMLL, BCE B ZE AR (HRARK
KT ECE AR AR, BB RGO, KRR ORL T (e FEZ g ok, il 2 Anil 5 41t KT
4.0mm PR T B FEZERIE — DN ECRHUALE, Rl 5 A E LI 4-6mm PR, #IZRREEK
Vo ARG, BB R SRIE R, AN 2 2 a] A 22l S AR ILAE KR KR 75 T

2 20174E7 H26 HOZFY M ik Al 2 4L
Table 1 The main characteristics for 6 categories DSDs on 26 July 2017

Category R/mmh™ number/min IgNw/m®mm’™* Do/mm R Immh?
S 0.5<R<9.0 70 2.03 2.67 2.7
1 10<R<50 21 3.19 2.69 30.6
2 50<R<100 16 3.33 3.06 73.2
3 100<R<200 15 3.68 3.00 143.9
4 200<R<300 3 3.82 3.32 271.9
5 R>300 1 3.78 3.67 390.6

MK 6 5 RERARL (B 8b), EA/NT 1.0mm HI/NRLFEEE R, BEEAR SR T30
FEPUERN . B4R 1-6.0mm PR F oA 2R FEAR B2k, RERBN, 6 R bE 1) # 2R A PAT.
AN — AR, A PR32 TR U i o Y R K, PR AN R B R T B S AR ER EI R B,
FAERLFEAKT 5.75mm J5 ki 7 80% FE A 80 B R AL

5 KRR (Ulbrich and Atlas, 2007) #HEL, A SCHMNABIN 0°CEEERS & —L% CKT%
F 5.0km), 1AM — LA R R I RE R, HE S S KA FE R 5, [RIAME— 1 O°C )2 E LA
B R, IR I AN — R R e B K, FRATTHEIINKCE B Bk T8 s S = Rk, 4R
JE M R A A IR kST R KT (Gatlinetal., 2015) , SErHLE IR 2 K. M kAR 2
AEXT 55—, K] HEHE 7 o RN R 2 8] (A 8 A I AT B A2 K TR i R Rl 1 = R R (Beard et al., 1986; Hobbs
and Rangno, 2004) .

T.- = = 4<RK9. 9mmh ! --=- 0. 5</X9. Ommh ™!
} [SIEEREE 2<#<10mmh ™ 1 10< X 50mmh !
10* 4 S2.- = 1<K15mmh ™! 10" F -1
S2. ; —— 50<K100mmh
1. 10</X50mmh ™! - -1
0 d 2. 50</<100mmh ! =P ;ggiﬁiéggmﬁﬂ
T o 3. —— 100<R200mh |« 10 ) M
E T 14— 200<R300mh | B . #300mnh
= 10% \ 5. —— £>300mmh ™’ Sk .
. S}
,;\ ~ = \
z 10! 4 10' F
10° 4 100 E
107" 3 107 f
2] (@ . . . : o2 L . . ! --
0 2 4 6 8 0 2 4 6 8
D/mm D/mm

8 AN[FJ B K R HIFN R 5T W 1 (a) 2015 4 8 H 3 H¥FRE. (b) 2017 4 7 H 26 H5EH]
Fig. 8 Average raindrop size distributions for different rain rate categories (a) Jinan on 3 August 2015, and (b) Mengyin on 26
July 2017

4.6 JH—W.S% Nw. DO S Ak
K9 0L I S5 IgNw-Do 205 B, ANl — T KA ZAR = (S1+82) f) 5 BARAE#2 B

% DolK, IgNw iZHiE/N . Xtz Do BATRCKI A AEHE, JEIRZ ST Eds mitbiederh, 1 S2 1Y
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B S OB . S2 1A BAAR/NARLE, 5 Bringi et al.(2003)45 H 1 Z R =70 Ai (B 9 Hi D)
HIRRAMRKAF . MR MZIRE S2 Bl A2 WA B2 EIR, sy (K9 Prlses):
log,, N, =—0.5D, +4.3 (13)

B LIE R X XA ZRE K S2 il EARFEK ST RIBUE el 7 B Am fi T, i DR miis
ARTE ST EE . Bringi et al. (2009) 45 i XS IE- 2R Bk (B 9 4D AREX 70 AL REX i
AZARBEIK I IgNw-Doo Mo XS FE7K Do 70 AT VE /N, IgNw B Do 38 RISAT /N, (HJZARFEIK
Do AHRCRMATTEEL IgNw BEE Do KB EED, 22k (13) ] LIy B Al ZREE K, H &
24 EUT AL P K ) B8R Ao

P9 {2kt L AE A2 Bringi et al.(2003)45 Hi (e A AR X P 7K IgNw- Do 34 73, AN —
A /NE D BE RABNIDE, AL KB EX R KR AR 2 EMA BTy K BdEDoE R, fr
THIGHEA M DLIZBFIHE . AN — /870 Kt s A KR B R T AE A E D7 K0 £k
3 k5 FIDOTEL A, J A7 5 il M o JAE Rk AR FEAE (i A 00 A2 328 0 it K REFATE » #EDolan et al.(2018)
W13 IS, AN Ar T KRBl PR B KRR T AR 22 A A7 (R 8icdis & - UK - F VR X e R K
REFHEIEAEA M LA B R HE R & T UKA R B . Mo — A B e e T KA - IR VR
D 10 ) NN 73 4 = R E i 0 N

Fi5h, A JZARFERS2AIAM] 1K) 2R KA T Dolan et al.(2018) 45 1055435, A ATKDo
AVEARIGNwW, - BT ELPR UG 2 R0 -2 R B 2K 7 B A B/ N R R

5 5
Bringi etal. (2003) —— 1gNw=-0. 5D0+4. 3
ot v, 00 a0, 5D0%4, { . £ 9
Bringi otal. (2003) 1gNw=-0. 500+4. 3 . T \. Maritime con. - - - Bringi etal(2009) sep. , g
-, Meritine con. - - - Bringi etal(2009) sep. N —-= Bringi etal (2003) s S
: —-= Bringi etal (2003) s. s SI UV
- ° 82 4
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E 4 g
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1
00
[ o °
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Fig. 9 Scatter plots of IgNw versus Dy , and the convection-stratiform separation line (a) Jinan on 3 August 2015, and (b)
Mengyin on 26 July 2017

5 ZR5PH8

FIFH Thies O T AR IR, 254 CINRADA/SA £33 B MR, 20471 7 PR 1min 7
T VRS 0 SO 58 20 i A 406.7.390.6mmh ™t Yt RURE R 480 2R 48 R R I AR 20 S H0 A AL,
FEERN:

(1) P REERAE 52 BBy 5 R A M L P8 e S S v R S [ e, B SR s s, A RT
SRR I A o R R ROBEXT AL 5 40 1 7 s [ 3 o] DA 23 el i s ik 8 XA IR 2 B K = AN X 3k, 2015
8 H 3 HAMII RS FE T o, LERLIN s B A T sk 559 Br . 2017 427 H 26 H AN 26 4R
JOBERH AL [l ZE AN st PR A 3, R4 T S s o B o

(2) WIIRMEZ Nrv S0 IgNw AT Do 558 R 6 R iR, SGHALM/K (FIHE R>20mmh™) i R
WPE Ny B TN o R 3 OZE K, 2015 45 8 H 3 HAMI 5 xt It B /K H8 550 0k 0 & 26 1 R EOK S FR 50D,
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Fi 7 W YR A 5 o W R R 2 M b 2017 4 7 H 26 HAMEI /).

SEXT IR PAIK Do Al IgNw 5 R958 R % R Eon, 8 A 3 HAM Do B R B AR K, IUALLRIFRE
K, HIgNw 5 R 27, BiFE R BREE/N; 7 H 26 HAM Do Ml IgNw 55 R #B 2 IEAHZE, Do Fifi
R WK RBHIN R, WALRFREN, XKW 8 H 3 Humst it b /K il sl K52 i BRI %,
T 7 3 26 F SR I 7K R 98 48 K 7] IR 52 79 30 vk 222 M BLAR RIS MR . SRR F7K (R>20.0 mmh™) Z-R K &
W EAE, 8 H 3 HAMIIAE BN KRB RIFaEL, 117 H 26 HAMIIAE B R BRI/ NFEEL

A TSP S S MR R0 LI, 8 3 H G it B /K RY i 1 & T B B g RO s ) R R R AE, T
7H 26 H XA K R TR FE- EAR R A P 0] P R I REAE (Uijlenhoet etal., 2003) .

(3) ANIF] R 98 A X B /K ST 48 R R AR AE S, 8 H 3 HAMBIBE % Y 9 K (R>50 mmh™) K
T CEAR 3-6mm) K305 B R IE K, Do Bl MR PRI ;7 H 26 HAMAIBES MR K% H
RS R HO FE AR RN K, Do BEE MUSRIG KGEI@IE N, 256 ik I i 28 PR 7K S A 22 B 70 A
fiE, FATHEN 8 H 3 HIF/K = HHokAHId FERC M BE 25, & S/ MK E B Sohl 71 s B = R Rk, 2485
I Al AN A ROK R (Gatlin et al., 2015) o 1 7 H 26 HXFfRFEK =R KA FEmSS, B
RN 3% 2 [B] ARl AN 6] BE 2 K ) 2 kIR (Beard et al., 1986; Hobbs and Rangno, 2004)

(4) W REIT— 1k Gammaid £ BINw-Do 7 Aii 27~ , 8 H 3H A7 H 26 H B IRAMI % it b 7K LA
TY R el 1 6L B /K R T 45 1E. (Bringi et al., 2003), TfMifEDolan et al.(2018) FAE4HII S T&Rh, W
YR B 7K 32 B T UK A AL 4K B S AFAE, (H8 H 3 HAMII A # 22 Bdis J& T UK AH PR R VR & XeH A /K
M ISRHE. 54h, 8HA3EAMEIEA I RO0CE S 1 Z R FE/KFTH 26 H AN (1) ZAR % K B A KDl
BAKIGNW, & T AP BRI 72 35 (0 EIR B /K MR 3 (Dolan et al., 2018) PR Vo A& 1%L -
EARBE K B A BN IR

3 T 2 5000 M 2 B OO AL K 2 B T KA i W 0 s (H0°C 2 /31 FE R T 08 IR 4 26 R TR AIE
N RN A EEAEA, X T UK ECE TR A DL g 25 A T Al e ARG 42— e 4 S5
PIELIE R, TS DU R T IA S R, IE AN BE A X Se e E I R R AR G B L (Ryzhkov et al.,
2013; Kumijian and Prat, 2014) , A4y HRELEA HLE AN 2 HOULill Bk}, BEER A M4 25 Hh 2 )
S 3ok R M T R VR S 1) T AL
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Study on characteristics of raindrop size distribution in two mesoscale convective
system with extreme rainfall rate
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Abstract Based on data of THIES disdrometer and CINRADA/SA Doppler radar, the raindrop size
distribution and integral parameters of convective precipitation in two mesoscale system, whose maximum
rain intensity were 483.0 and 418.9mmh™ respectively, were analyzed. The results shows that: The two
precipitation processes were both affected by the southwest airflow outside the subtropical high and the
westerly trough with the characteristics of high temperature and high humidity, which were conducive to the
production of heavy rain. On August 3, 2015, the echo developed more strongly and was in the mature and
weakened stage near the observation point. On July 26, 2017,two linear mesoscale convective echoes were
merged near the observation point, and the echo was in the stage of development and enhancement. In severe
convective precipitation episode (rain intensity R>20 mmh™), for the raindrop concentration (N7), the
exponential function can be used to fit the Nt with the increase of R. On August 3, there was a large coefficient
and a small index, while on July 26, it was just the opposite. For the median volume diameter of the raindrop,
on August 3, Dy rapidly increased with the increase of R, and the slope of the fitting line was large, while IgN,,
gradually decreased with the increase of R. On July 26, Do and IgN,, are both positively correlated with R, but
DO increased slowly with the increase of R, and the slope of the fitting line was small. For the Z-R relationship,
the precipitation on August 3 had a smaller coefficient and a larger index, while the precipitation on July 26
had a larger coefficient and a smaller index. For the characteristics of mean raindrop size distribution of
convective precipitation at different rainfall intensities, On August 3, when the rain intensity was more than
100 mmh™, the particle number density of large raindrops with a diameter of 3-6 mm increased significantly
with the increase of the rain intensity. On July 26, the number density of raindrops in each diameter range
increased with the increase of rainfall intensity. In conclusion, based on the relationship between integral
parameters and rain intensity and the average raindrop size distribution, the precipitation on August 3 was the
typical size controlled raindrop size distribution characteristics, while the convective precipitation on July 26
was the concentration-diameter mixed controlled raindrop size distribution characteristics. The Ny-Dg
distribution of the normalized Gamma function showed that the convective precipitation of the two cases had
the characteristics of typical rain drop size distribution of continental convective precipitation. Many raindrop
size distribution in the processes of August 3 showed the characteristics of ice phase and warm rain mixed
convective precipitation, but most of the convective precipitation in the two processes had the rain drop size
distribution characteristics of ice-based.

Keywords the raindrop size distribution, the extreme rainfall rate, size controll, number-size mixture

controll
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