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Abstract: Based on the observation of Parsivel disdrometer at Shangqiu Station in Henan Province,
Feicheng and Shouguang stations in Shandong Province, Lushun and Changhai stations in Liaoning Prov-
ince, the raindrop size distributions of Typhoon Rumbia after landfall in 2018 are analyzed. The results
show that Shangqiu, Feicheng and Shouguang stations have the similar characteristics of the average rain-
drop size distribution at different rain intensities with high concentration of small raindrops and low con-
centration of large raindrops, and part of the average drop size distributions have the characteristics of bal-
anced raindrop size distributions. On the contrary, the average raindrop size distributions at Lushun and
Changhai stations have low concentration of small raindrops and high concentration of large raindrops, and
the average raindrop size distribution is controlled by ice phase. The Z-R relation of Shangqiu, Feicheng

and Shouguang stations are similar, and the Z-R relation between Lushun and Changhai is similar. There
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is a great difference in indexes between the two types, indicating that the microphysical characteristics of
precipitation are obviously different. The parameter of normalized Gamma distribution of raindrop size dis-
tribution shows that the convective precipitations in Shangqiu, Feicheng and Shouguang have the charac-
teristics of maritime raindrop size distribution, and the microphysical processes are mainly of warm rain
process, which is dominated by the coalescence growth, and the mixing of warm rain and ice phase. By
contrast, the convective precipitations at Lushun and Changhai stations have the characteristics of conti-
nental raindrop size distribution, and the microphysical processes are predominated by the ice phase and
the mixing of warm rain and ice phase. The above analyses indicate that although the Typhoon Rumbia in
Henan and Shandong provinces were affected by cold air continuously, there was no obvious change in the

microphysical characteristics, the cloud microphysical process changed significantly after it weakened into

an extratropical cyclone.

Key words: Typhoon Rumbia, the raindrop size distribution, warm rain process, ice-phased process
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Table 1 Classification of rain intensity and duratin of each type of rain intensity at each station

FFEEm} A] / min

xR TR Cmm = ) s T % m K
1 0. 1<<R<2 709 871 842 901 566
2 2<<R<5 394 613 341 175 89
3 5<CR<C10 308 354 212 96 75
4 10<<R<C20 200 122 186 96 52
5 20<CR<50 179 75 153 86 50
6 50<<R<<100 39 23 43 31 14
7 R>100 35 1 2 4 2
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Fig. 2

distribution for seven rain intensity categories at (h) Feicheng and (i) Changhai in 18 —20 August 2018

(a—g) The average raindrop size distribution at five observing stations and (h, i) the average raindrop size
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Fig. 3 Scatter plots (black dot) and corresponding best fit lines (red line) of radar reflectivity Z versus

rain intensity R at (a) Shangqiu, (b) Feicheng,

(c¢) Shouguang, (d) Lushun, (e) Changhai stations in 18—20 August 2018

(Red line is the fitted curves of convective precipitation for the raindrop spectra at the five stations,

blue dotted line is the fitted curves for each station’s raindrop spectra)
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Fig.4 Scatter plots of the normalized number concentration IgN,, versus the mass-weighted mean

diameter D,, for seven rain intensity categories at (a) Shangqiu, (b) Feicheng,

(c¢) Shouguang, (d) Lushun, and (e) Changhai stations in 18 —20 August 2018

[Two green rectangular boxes are the continental and martime convective ranges proposed by Bringi et al (2003) .,

black dash-dotted line is the stratiform boundary, and blue solid line is the average distribution of stratiform proposed

by Bringi et al (2003); the black solid line is the separator line between convective precipitation and stratiform precipitation

at Shangqiu, Feicheng and Shouguang, while the red solid line is the separator line at Lushun and Changhai]



%11

T B% .G X (2018) % i 5 T T 13 V6 48 4 AF P 5% 1457

AT R i P % 3 e 7 DX PR b T R P X6 A 7K
Bl BATBIER) D,y 0 A1 78 FL A 38 23 8o S0 T
T T P R A R 30T+ A8 3 J I AL T Rl P X 9 [XC
B b T R 3 R T XoF i R K B A T A
ARl P % 3 I K T T T R IS I K B AR A O
LR REE POy IS0 A = 3 (VA VNI DS T 2
DX a0 B 3T o 3R T Y 114 6T A 7K R B R R i X
FE7K . 2% Dolan et al(201) B9 45 R, i =
JIES 308 T A 51 LI 2 500 A1 AT LG 2 v e A e
TR A il 15 4 Sy T 8 1 TR A A R TR - UK AR TR A
& T i T AR g O DN 5 1 i B ek R W - DK AH
RAE KA =PI,

Bringi et al(2009) 25 t (1) % -2 MR 53 25 2k (1A
4 R RIZO AT 5~10 mm « h™ ' BEAKIX I, & ]
LR RS 5~ 10 mm « h™' (£ &) 10 ~
20 mm « h" G 50 Bdl Z 18] /9 73 B 4k HORE R 1L
Bringi et al(2009) 45 H (19 %] Ji-J2 R 4 5 46 1 st %
BN BT AU G WU R IR KA B3 A DKAH 3
P I LLAS [6) 1 53 22 (8] 19 73 B9 A B/ 10 RE 3
(Bringi et al, 2009) . JiiK I A1 i P A 08 0 55 7Y
lgN =D, 73 A1 5T 4 3t 32 B 3k — % . A B/ Rt
HRILLLLRE T oF 3 BS 3R 5~ 10 mm « h™' Fl
10~20 mm « h™ "B EdE . R BRI AR5 %
IKBLF TR ML AT O 38 2= i TR LR/

FA A R = AR A R 8 1gN, D,
P48 BE G T 93 K D, J& 8 Wi i R ER
T 90 0 o 7K ) 9 DR AT T TR s X T 1N L 1 e VAT
BEANFFG 3 A WL I A5 B A R 5 OR 1g N W A Y
R R LA A ¥ PR A WL A Y 1g N, B A5 7R 5 4
A AN, 3R WY 336 9 A L 00 e R R 1) 344 K 32 T %
HAER KW 08 %, Wik, 7 F B AL 3
AL R XoF U A K R S e T vk - R IR A A
G i A R R B i o R R e AN R o |
(Uijlenho et et al,2003) ,iX 5 X FH ZR R EZ 7
Brv i e —38m .

404’

H I Parsivel [ K KB G AW I 58 7
Br 7 2018 4% li 5 XUl LESIE TR AN il I PR
B BERT L JE Sl A A7 0l o DL R AT U B BEAR I | 1<
g 25 A YL 5T 90 T AL AL 2 LA AROA

(LR o A SR 73 516 A [ R 58 F4) P 49 TR 95 31 26

ABL 70 R 3 0 P58 2658 v O e B i I L 1 K R
FE AR 2,00 mm JF3r 5 H BLER W AE ., A - i T
{1 TR L 5 T R T 1 A - 239 R0 3 0 A1 S AL /N R
{1 A 2 R AR T A 6 A e o - 249 T 7 3 LA oK
AR ) ) TR 1 9 )RR A

(DR B AR ZR R AZAKM . IFHS
i PO RS AR 2R OC R AR . RV R
P R A A il i — T30 sk 353 o L A e 22 i A
N7/ B 1R P NNEY 3 | NG D VAT (PSP S
L B AT B 0 4 0 W I U A 2R AL K B AL
Py B AT A RO S ORI AR 4 R T R A

(3 IH— kA 5 o8 B iy 2 Ko Aii (1gN-D,) 12
7S o T N R A7 D' X ek A B8l e VR R T
TR K BT o 2 rp ) B e T S il O O KO 2
F1% 122 T 3 R 022 - AR SR 7P 25 5 R IR 98 ) o
L ek A R e, T AL R X e R T 3R T X
ANV 5 PR T L K AT R P T O A R R S
R B R LA T UK AR L KA P2
E.

i EEO IR A B S AN B2 0 2 R JE )R
5553 JICER A OB Al A OB I HR BT RS 2l 7 1) Y
A O3 S K R ) B AL AR A 48 . A TR
W L A U s AR S AR WA R s
) B R Y I U

2% ik

N S 2R, 2020, AT B il BT U BE K K AN ) 43 A Y X B 43 A LT .
KA FF#,44(1) :27-38. Bu S, Li Y, 2020. Comparative analysis
of precipitation distributions of tropical cyclones making landfall
in East China[J]. Chin ] Atmos Sci,44(1):27-38(in Chinese).

YA it R A A 4 2021, TR IR 0T R AR R L T B KRR
ARAG I FR B 8 TR FEL) ], A 5. 47 (4) :389-397. Feng W Y, Shi
L J.Wang Z M,et al,2021. Application of raindrop disdrometer
data in rainfall estimation of Typhoon Rumbial J]. Meteor Mon,
47(4):389-397(in Chinese).

R HE, 2020, 2018 4F & XU L T A 58 % O 4R € R A UL I 4R AE 43 BT
[J]. K% .,46(6):792-800. Gao S Z,2020. Characteristics analy-
sis on the severe convective spiral rainband of Typhoon Rumbia
(2018)[J]. Meteor Mon,46(6) :792-800(in Chinese).

A B R 42019, B KL Polly (9216) I Matmo (1410)
X 3L AR 2 By W K 5 WE) B 6 B A A LT ). U4, 45 (6) : 766-776.
Liang J,Zhang S J.Feng C C,et al,2019. Comparison of synop-
tic circulations of heavy rain associated with Typhoons Polly and
Matmo over Liaodong Peninsula[]J]. Meteor Mon, 45 (6); 766-
776(in Chinese).

B 38,2018, %% fili &5 KU I 33 R AR N AF 52 (D). B AT - B AU R 2. Lyu



1458 A

% 548 %

T,2018. Observational study of the characteristics of raindrop
size distribution of landfalling typhons[ D]. Nanjing: Nanjing
University(in Chinese).

PR O 5 o T A AR5 2020 T 35 B XU R 7 38 55 BORME — YR K
A AR LT ] A% ,47(6) . 737-745. Shen G H,Gao A C,
Li J,2021. Application of raindrop spectrum and dual polariza-
tion radar data to a heavy rain process[]]. Meteor Mon,47(6) ;
737-745(in Chinese).

TR E3CE . Bk 45,2021 (AR J6H8 — Wk B oK 25 2 b 1 [ KOk
WRRAELT ], A4 % 4R, 32(3) : 370-384. Wang ], Wang W
Q, Wang H, et al, 2021. Hydrometeor particle characteristics
during a late summer hailstorm in northern Shandong[J]. J Appl
Meteor Sci,»32(3):370-384(in Chinese).

T R B, SE,2019. BWUTE 15 KU I B TR B B S R
UL (16 14) 5k AORS AN T R B IR A SRR [ ], R
H%,77(4):617-644. Wang Y H,Zhao Y C,Luo C R,et al. 2019.
Assimilation experiments for the application of dual-radar re-
trieval wind mosaics in detailed heavy precipitation forecast pro-
duced by landfall Typhoon “Meranti” (1614)[]J]. Acta Meteor
Sin, 77(4): 617-644(in Chinese).

SR AR W, F ok % 20210 BN R 28 XUSE #5529 P 4T
B XU il o B R KRR AE X B 43 BT [T ], RARE:, 45(6) : 1173~
1186. Wu T Y,Zhou Y S.Wang Y Q.et al,2021. Comparative
analysis of precipitation characteristics of the westward typhoon
cases “Bilis” and “Sepat” during landfall under different mon-
soon intensities[ J]. Chin ] Atmos Sci,45(6):1173-1186(in Chi-
nese).

RO B P L R R L 45 L 2018, “ AR R & 1R IR E =l R A R AE
SHTIT. A% . 44(10):1275-1285. Xu Y Q.Xia Y F,Zhai G Q.
et al,2018. Convergence characteristics of severe prefrontal spi-
ral cloud band of Typhoon Saola[ ]J]. Meteor Mon,44(10) :1275-
1285(in Chinese).

BT A L3 32,2020, G KU LI (1818) [ 7K e 36 55 3 M s 1 4
(1. B R4 % 4R 31(3):290-302. Yang S N, Duan Y H,
2020. Extremity analysis on the precipitation and environmental
field of Typhoon Rumbiain 2018[J]. ] Appl Meteor Sci,31(3):
290-302(in Chinese).

RATF5 AR TR T4 ,2019. 3 A W Bl 19 B4 & XUFE K R AE Xt
WAHr )] R4 %k, 77(2):268-281. Zhu H F, Yang Z X,
Wang D Y,et al, 2019. Comparative analysis of the rainstorms
caused by two typhoons in inland China[J]. Acta Meteor Sin,77
(2):268-281(in Chinese).

Bao X W,Wu L G, Tang B,et al,2019. Variable raindrop size distri-
butions in different rainbands associated with Typhoon Fitow
(2013)[J]. ] Geophys Res: Atmos,124(22) ;12262-12281.

Bao X W,Wu L G,Zhang S.et al,2020a. Distinct rain drop size dis-
tributions of convective inner-and outer-rainband rain in Ty-
phoon Maria (2018) [J]. J Geophys Res: Atmos, 125 (14):
€2020]D032482.

Bao X W,Wu L G,Zhang S,et al,2020b. A comparison of convective

raindrop size distributions in the eyewall and spiral rainbands of

Typhoon Lekima (2019) [ J]. Geophys Res Lett, 47 (23):
€2020G1L090729.

Battaglia A, Rustemeier E, Tokay A, et al,2010. Parsivel snow ob-
servations:a critical assessment[J]. J Atmos Ocean Technol, 27
(2):333-344.

Bringi V N, Chandrasekar V, Hubbert J, et al, 2003. Raindrop size
distribution in different climatic regimes from disdrometer and
dual-polarized radar analysis[J]. ] Atmos Sci,60(2) :354-365.

Bringi V N, Williams C R, Thurai M, et al, 2009. Using dual-polar-
ized radar and dual-frequency profiler for DSD characterization:
a case study from Darwin, Australia[ ] ]. ] Atmos Ocean Techn-
0l,26(10):2107-2122.

Chen B J,Wang Y, Ming J,2012. Microphysical characteristics of the
raindrop size distribution in Typhoon Morakot (2009)[J]. J
Trop Meteor,18(2) :162-171.

Chen B J,Yang J,Gao R Q.et al,2020. Vertical vriability of the rain-
drop size distribution in typhoons observed at the Shenzhen 356-
m meteorological tower[J]. ] Atmos Sci,77(12):4171-4187.

Chen G,Zhao K,Wen L,et al,2019. Microphysical characteristics of
three convective events with intense rainfall observed by polari-
metric radar and disdrometer in Eastern China[ J]. Remote Sens, 11
(17):2004.

Dolan B, Fuchs B,Rutledge S A, et al,2018. Primary modes of global
drop size distributions[J] . ] Atmos Sci,75(5):1453-1476.
Feng L.,Hu S,Liu X T,et al,2020. Precipitation microphysical char-
acteristics of Typhoon Mangkhut in Southern China using 2D

video disdrometers[ J]. Atmosphere,11(9):975.

Friedrich K,Kalina E A,Masters F J,et al, 2013. Drop-size distribu-
tions in thunderstorms measured by optical disdrometers during
VORTEX2[J]. Mon Wea Rev.141(4):1182-1203.

Fulton R A, Breidenbach J P, Seo D J, et al, 1998. The WSR-88D
rainfall algorithm[J]. Wea Forecast,13(2) :377-395.

Gatlin P N, Thurai M, Bringi V N, et al, 2015. Searching for large
raindrops:a global summary of two-dimensional video disdrome-
ter observations[ J]. ] Appl Meteor Climatol,54(5):1069-1089.

Jaffrain J,Berne A,2011. Experimental quantification of the sampling
uncertainty associated with measurements from Parsivel dis-
drometers[ J]. ] Hydrometeorol,12(3) :352-370.

Ji L,Chen H H,Li L,et al,2019. Raindrop size distributions and rain
characteristics observed by a Parsivel disdrometer in Beijing,
Northern Chinal J]. Remote Sens,11(12):1479.

Loffler-Mang M, Joss J,2000. An optical disdrometer for measuring
size and velocity of hydrometeors[ J]. ] Atmos Ocean Technol,
17(2) :130-139.

McFarquhar G M, 2004. A new representation of collision-induced
breakup of raindrops and its implications for the shapes of rain-
drop size distributions[J]. ] Atmos Sci,61(7):777-794.

Rosenfeld D, Ulbrich C W, 2003. Cloud microphysical properties,
processes, and rainfall estimation opportunities[ ] ]. Meteor Monogr,
30(52):237-258.

Straub W, Beheng K D, Seifert A, et al,2010. Numerical investigation



11 T B% .G X (2018) % i 5 T T 13 V6 48 4 AF P 5% 1459

of collision-induced breakup of raindrops. Part [] :parameteriza-
tions of coalescence efficiencies and fragment size distributions
[JJ.J Atmos Sci,67(3) :576-588.

Testud J,Oury S, Black R A, et al,2001. The concept of “normal-
ized” distribution to describe raindrop spectra:a tool for cloud
physics and cloud remote sensing[ J]. ] Appl Meteor Climatol,
40(6):1118-1140.

Tokay A, Wolff D B,Petersen W A,2014. Evaluation of the new ver-
sion of the laser-optical disdrometer, OTT Parsivel?[J]. ] Atmos
Ocean Technol,31(6):1276-1288.

Uijlenhoet R,Smith J A, Steiner M, 2003. The microphysical struc-
ture of extreme precipitation as inferred from ground-based rain-
drop spectra[ J]. ] Atmos Sci,60(10):1220-1238.

Wang G L,Zhou R R, Zhaxi S L,et al,2021. Raindrop size distribu-
tion measurements on the Southeast Tibetan Plateau during the
STEP project[J]. Atmos Res,249:105311.

Wang M J, Zhao K, Xue M, et al, 2016. Precipitation microphysics
characteristics of a Typhoon Matmo (2014) rainband after land-
fall over eastern China based on polarimetric radar observations

[J].] Geophys Res: Atmos,121(20) :12415-12433.

Wen L,Zhao K,Chen G,et al,2018. Drop size distribution character-
istics of seven typhoons in China[ J]. J Geophys Res: Atmos,123
(12) :6529-6548.

Wen L,Zhao K, Zhang G F,et al, 2016. Statistical characteristics of
raindrop size distributions observed in East China during the
Asian summer monsoon season using 2-D video disdrometer and
micro rain radar data[J]. ] Geophys Res: Atmos, 121(5);2265-
2282.

Wen L,Zhao K,Zhang G F,et al,2017. Impacts of instrument limita-
tions on estimated raindrop size distribution, radar parameters,
and model microphysics during Mei-Yu season in East China
[J].J Atmos Ocean Technol,34(5):1021-1037.

Willis P T,1984. Functional fits to some observed drop size distribu-
tions and parameterization of rain[J]. ] Atmos Sci,41(9) :1648-
1661.

Yuter S E, Kingsmill D E, Nance L B, et al, 2006. Observations of
precipitation size and fall speed characteristics within coexisting
rain and wet snow[ ]J]. ] Appl Meteor Climatol, 45(10):1450-
1464.

(R SCTT G - Ao BE YO



