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Abstract: To study the vertical structure of the northeast cold vortex cloud system precipitation
further, this paper analyzes the microphysical characteristics of the three northeast China cold vortex
precipitation events in Fuxin since 2020 by using the micro-rain radar and laser disdrometer
deployed in the national ground observation station of Fuxin Mongol Autonomous County, Liaoning
Province. The results show that the drop size distribution(DSD) measured by the micro rain radar
and the disdrometer have good consistency in the cases dominated by stable precipitation of Stratus
clouds, while the average drop size distribution observed by the micro rain radar and the disdrometer
only shows good consistency in the medium particle segment (1-2.5mm) in the cases with more
convective precipitation. During the stratiform precipitation, the smaller ice crystal particles begin
to melt faster through the 0°C layer, and the small liquid droplets accumulate below the 0°C layer,
and extreme value of the droplet concentration appears, below this height, and the larger ice crystal
particles experience a longer melting distance and become larger raindrops. At the same time, the
accumulation of small liquid drops further promotes the collection and collision effect of large
droplets, which is conducive to the formation of larger raindrops, and an extreme value of spectral
width of DSD appears below the melting layer, which is manifested as a "Bulge", which occurred
within 2-3 minutes from the onset to the fall. Whether the broadening of the DSD in the vertical
direction can significantly increase rainfall intensity on the ground depends on the water vapour
content in the near-surface atmosphere. In the dry spring of western Liaoning, the relative humidity
of the atmosphere is low, and the bright band has no obvious help for the broadening of the ground
DSD. But in the summer when the water vapour is relatively abundant, the downward movement of
the "Bulge" to a certain extent leads to the widening of the near-ground DSD and the increase of
rain intensity. Compared with other regions, the number concentration of rain droplets in western
Liaoning is small. Still, the average concentration of stratus precipitation and convective
precipitation is not much different, and the difference in mass-weighted diameter leads to the
difference in rain intensity.

Keywords Northeast China Cold Vortex; micro rain radar;the vertical structure of DSD
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RALA IR R S 4 X HE AR ARG, W R BN K FI R AR
KA SRICA IR = BRI 2 22 o S5 W R AE 1R AT 0 A AE 90 BT LR 3 S ROV O 0 AR
(Raindrop Size Distribution, {&#K DSD) f A FEK I EE ARG BRFAE, St | FALARER A R
TWER ERRAR ARG 0L, KT OS2 o = 3l ) A B AR 25 G E I B 484k
Do M WHILRTE BB B A MR T, MBS IR . 6. S S Ry eid g,
BN B2 R i RIS 2 2 AN B/ E F , 1S A AR AR AN | GIRUERE, 2017)
W], 220 AT LA B K R SE R 2 UM, Y 15 5 B AR SRR B B AT W
3 A2 (R A 8] 484K (Bringi V N et al,2003;Ulbrich C W et al,2007; Zhikang F et al,2020;#%¥%
&, 2023) o MHCZE BRI E PAETORL, R RE TR AT DUSE B S il B 7K A 7
YRR, HAFES RPN N TR R SR AR E S, X I IR AT 7T 0]
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DLTE 5 28 T i /KRR B KA O (5K, 2013) , 75N LEEM RS FRIEMZURVT
A HEEEN N HME GELE, 2018; T, 20100 .

X EEAS [F] 25 58 B 7K b T R 3 AR 8 3 B 72 B /K SR BE B K & EAR RIS L T, 2R
= PRI T AT, BRI BU/NR TR O s R = B KIS SR8 5E, mR B (D
Fir2% 2015;Maki M et al,2001;Chen B et al,2016;Islam T et al,2012) . B4k, RNIEFEKGRE T
F) T R VR T o At — 2 125 (Harikumar R et al,2010;Kumar L S et al,2011) , #FFR
TG T 5 A 7K R B (1) 95 AR A R T B A% SR B R AE R [ B K B B S (94 )« Harkumar
S5 (2011 F)FH T 0 DU AN 00l R B K B, 43 BT R VR 1 0 00 285 20 AT R 0L 5 2 B B K
SR, 25 RERIAARAEZE o B /KSR AR LEL/N, EAN AL, 1) LAF I EAE D,
R R BE IV, B P /K 5 P 18 i 2 FR 2508 K.

SR RN AE B V5 FE R R 52 203F ) )RS S IIER, 3B 7 1A & =440
R4k, AFRT T 1T R O, B AN IR v B 2 R B AR AR 2 L B K R ARk A B T
HE— D AR I KR BAE AR A BENLS . 7 B 9A  (Micro rain radar) I3t R ¥ /N FTEL
SR R T )20 &R, R 2235 3 2S00 S AN 5] /5 FE 2 RO O/ oA, Al 3R EEL
FEE IR AR A B WO PRI T % 18 2 A R 1S 28 B AR 557, W T
¥ ¥ il L [R) A A AT SR, 5 IO = R IARL S, T USR] 6km LR AN S
P b (R R 1 22 B 7K 2= BB B 50 o 1B P X TR o T W P 7K R S 7t 2 B A Y
I H AR AU A SR RS FE ST EL b (B, 2017; iR8%E, 2015) KBEAKAMGII
YIRS BN 2 AR E (JE . 2016; Wen etal., 2016; 4 M5%%, 2021; RAlZ%, 2019) &%
Tl =35 (2019) FI AL G — 5 K 3 BN T IE W 7 —Ra B R K,
TS T — KK R TR IR IE . 28R . BRI At 72, S5 R PRKIE =N =i 32
AFIRA) B FEREMA 23 AMECE W (B PR 1R P ok, FuESE (2022) BT 27 R
W T I ARTE IR G = BEK PIRL T TS S B REAE, X 0°C 2 B 1N 25 #4047 T 43
N, RS 2 B K A5 2 AR SR RO AR E B KT 2R = K

TP X AR U R, AR IR Z X R PR R T %5 5 m, [FI L7 H AR X
BT SR MM 58, 75 B FLHEAT SR R O RS AR, X0 A B R RN TR M AR LR
H T HEERESR . BT T o X B A B R AE B 90 AR S I IS (BRE 4,
1998; ErEALE, 2007) , Xf TR T B ER 28 A0 1 B R R O I - A B, =50
T BRI H L5 AR AR AR, TEIEHT B AR O VPt . 2019 55 7 A,
R TA TR d BGRB8 T I 778 & 36 MRR-2 B 1 B 48 [/ Sl ik & K B =
K, T UL ST R, FATT AR ILA IR RZI T (130 76 b X B K FE R A SR AE AT
T VELH AT o LR VG b X PR 5 B 0 B 5 (1 14— D T RT DA BOFRAT T3 St 1 G X
KN, FE TR AR v, 3 v N T W R E LB PP 3R A 1555
2 BRRIR S HENAH
2.1 BERIRIR

IEH 2020 4F LISR I =R AR IbA i g2m BB R AU FE (M 1:2020 4F 4 H 16 H;
AN 2: 2020 4F 8 H 12 Hy M 3: 2022 4F 6 A 22 H) . BFFCRA ) MRR-2 TR 75 1A
HMB-KPS Z Kl A F1 DSGS BYBF /K I GAEF R &0 Tl TR B R ik AR R E X
TG Y (b5 54237, 121.7458°E, 42.0672°N) o il Tk & —Fh K P E 1R A
ik, REESLMEAR (FM-CW) , @it R E E#hThis, FIHBEKR T IERES
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HAMZE AR SR REIE (AtlasDetal,1973) , THTAIL 31 R, @EHPERAT
EH N 30-200 m, 2022 FFLLHT, BSEELAITIN TR IA B E S RN 100 m, 2022 FELLE
BN 200m, KLY 1055 HMB-KPS 2K 2= 02— Ka R H AR A = I8, 3R
W BN 120m-20km, B[R] #8504 Tmin, ZE[A] 73 #8508 30m;  BFE/KILGAUZ O3 1F 518
OTT A A=) Parsivel Wi (XML (Loffler-Mang M,2000) , 4 32 4NR B IE Al 32
AL, HopokiR N ETEREAN 0.2-25.0 mm, EENETEE N 0.2-20.0 m-s!, FFEHE A

N 54 cm?, SREERSA]E 1 ming PR AR PFHEN 0.1 mm, REEHEDY 1 min.
22 THENA

A SENAR 2K DSD 20 A, W] Ll DU A3 215 A SR Z (mmémm?)
FEKZ (mm-hD)  WAKEE LWC (gm?) KEAMHEOREE N 5K 5S4

Z =Yt DEN(D,)AD; (D
R =22 %k DFViN(D)AD; (2)
LWC = — 31 DFN(D)AD; (3)
N, = ¥k N(D)AD; (4

Horb LR R, DoREE RSSO RS, AD X R R4 1E B, Vi (mes™)
RS 1R P R IR B VA B )P EAME . N(Do)(mmt-m) A Di-0.54D; B DA0.54D; X 8] P4 1) R
Bk . 27 Tokay 55 (20100 $&H X BEARREA I & U, R Bh gt K FE K
BRFE R>0.1 mm-h!' FIEHEAN 1 ANBEARREAR, HRIMAFEREKFEAR . A BTk
P BRI BB AR T E/N T 10 BOMIBR, B0 B T8 2 AR W 3 1 SO A e 7K 51 e Frpmge 75 25
Fr. KH Chen 5§ (2014) (7775, K m R A 2 B K BHE 73 N Z IR 7K . P %
K TEEREAK =2, BRI &S 10 /08 DL BB BN, BEKEERE KT 0.5 mm-h!, H
IS E]BE P, 7K SR B AR IR 22 /8 T 1.5 mmehe!, R R 25 K s B /KSR K T 5 mmehr
U H BB RRHEZE KT 1.5 mmeht, WRRBINSTRPERE K Ak, ARSGER KRN T
0.5 mm-h! FIREAR 7 2Tl B K
3 RAEF K HLH WK S ARHE
3.1 FERrBRRAE =

LT HX R KIS RE, EEZBRIR AT, 456 X a S LED = E S ECWMF
FE0HT 500hPa %5 =2k SR 850hPa W37 (K 1) « & FIA. T TR IA A HLTHT H 23554
PEXEI =R TR S (2 o M1 (B La, B 2.2 : 2020 4 16 H
20 BF, A O AL TR, W AL T A TR ETI, DA, 32 AR X, I X 38 )
KRG ET, RITFRKI A, 16 H 20 B73) 17 H 02 B, IR ZF 7% & R
KM/, 76 2km PLEAZE, ROPRETAHAE] 0-20 dBz, &2 RS RE T 2 IE 7
fi, 2km U, B SBERIRAC, AR T PIRARIT GRS K B R, HIR% RS
it 0.6 mm, FMIFEGREELE | km P HIL/MERAS, HAE 800 m BA R PUd D, SRR
TR AERFE RV I, B B R AR LR Re g Bk, 17 H 02 B, A idksk
BN, USRI TR, B A IS IR . T 1km 4b B A B
RLZ S0, JEREIA 300m Aoty WEFUERAE: S i BAR SRl AT R T2 A G, =
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5 ) T 55 I P2 7K B () 48 KT8 K (Fabry F et al,1995) o BT AV FEFEAKBRE BN, B
I FE R o AR RIK, Bl NI B R R R A 5] B R i %
A1, 05 I, MDA A A A AL R, KR 2, WSS s, PR B IR
F#0.6mm LLN, PEAKE TR AU PRI AN, SR/ R 15 mm-hs A
2 (W 1b. W2b) : 2020 4E 8 A 12 H 14 B, SRS UITL R, BEE LI
WHZBN, DREZRNE. 12 H 16 BESE F22 525800 2 R -1 5 8o 2= F 520,
FEAE T R B AR R K, BRI SRR 60 mm-hl, &Ik, ZoRIRK S
PS5 R, TR IATETE B 1) BRI Re 712 R, 4km DA B LA RNEGE. 12 H
1721 i, mEHIERPEEEILFEA 3km BLE, FEGEE N 15~25dBz, SLH B KA IH
B 21 BFBUE, BRI IS A IS 0 R R 10 km FR&E 6km). 7E 12 H 21 K% 13 H
00 I, 4.5 km /& FEFHLAFAE— 2 BT . BEE = RS 45850, 13 H 03~08 B3
Ui FA R REMS = I EES, 13 H 09~11 B, —HSHxHR =B, FHikREp kA
T 40 dBz [ITE W B3k, FE/KERIE R KIE 109.8 mm-h!e AN 3 (B 1ew B 2.0) & 2022
6 H 22 H 020, ZARIARKTEXEW, BX E2RBEMEED, AT FHNKR

2020-04-17 02:00

ik, WIZEEAAEMZERR, SRR T RA TR E %4, 05 B AT G I, B3 F 46 HELEK,
4km = AR — KBRS, 12 B, SZRRUIARL M, Bkt DinnE, U RS A
K/NE Y 3RIA F] 87.4mm-h!, TN B IA A = A 7RI 1 Z R 7ol X AL S
MK 2KT79%, Bl 2.a34 b3y 3 HUIBE B S EL H T =IAMoIRE KI5 28, HrhmaT BOR
BN 1 KRN, DURRASEMERK N, Mol 2 3 BEKEREROR, him it b
K LR E

1= R ACA A KL A = B B 500hPa /% 3%« 500hPa Ji /%37 f1 850hPa JI%(a:2020 4 4 H 16 H .

b:2020 4F 8 H 12 H. ¢:2022 4 6 J1 22 H)
Fig 1. Superposition of infrared cloud image, geopotential height field at 500 hPa, temperature field at 500 hPa,
and wind field at 850hPa(barb) during the three northeast cold vortex precipitation events, (a:April 16th, 2020,
b:August 12th, 2020, c:June 22th, 2022)
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Fig 2.Reflectivity factor measured by cloud radar, reflectivity factor measured by light rain radar, hourly rain
intensity measured by raindrop spectrometer and light rain radar in three northeast cold vortex precipitation (April

16th, 2020: al-a3, August 12th, 2020: b1-b3, June 22th, 2022: c1-c3)

D EARE I =R 2R AE v W B K OB IR I D0, 28 H = TRARAE 7 s Pk AN [R) 2R B /K
ARG (R 1D, ATRUEHEREMI 1, SHREREK G D, B 2 F4 3
IRIFHOTRAN 73X — p, AEUCER B B A RIS AL B K AR BT 38 50, AR SOR B 2 Bk f%
IKFIRPRAPE PR BEAT PEA 73 M. 534k, 2022 AEDART, A SCRT H Gl 7 1A 1 B I m FE 2 R
9 100m, R mEAR MmN 3100 m, BT AXT TN 2 B KERNERE] 0°C 2, hseBiTie
B AL AR 22 FH e KORL T 7E 3 B 7 1) B B ARk, R SOR T /K 3 A5 1A R 18
W, SEELERCME) 1AM 3 AT VELE T

T L= UORAA I KA R Y KR A B R o B

Table 1.Sample size and proportion of different types of precipitation in three northeast cold vortex precipitation

JZ AR K PORIRERETIN [CES[ER EESE N
FEAKC AH REA%C SR REAMC SR BEA%0 SR
202044 16 H 288 63% 12 3% 144 32% 12 3%
2020 48 A 12 H 56 13% 98 23% 174 41% 101 24%
2022 6H22H 217 28% 155 20% 176 23% 223 29%

3.2 i T 3 T ARRAIE
3 25t TR R IR AN R R R R VAN R R A AN KA O (B 3.0 K=
RG] TR P ANl R IA AR AN R R FE TR S (B 3.b-d) , ATEUE Y, R R A
A A L T g B A /N R SR A R 8 — e . TRV A B IR, 3B /N
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SR B I 2 FR A B B 7, T 224 SR RN, A e 22 R R VR 1A A4S 1 b 2 £ B K
NI R R, IX T RS R AE SR 7 1) B S A G TN A 100 m s B IR RN R U 52
b T 2 R 2T, TR TSR R R O A v B R R R R U — B R (Wang H et al,
2017) , FTUAASCHE ] 200 mo 5B 2 I 3k o B a8 B0 30 A7 30 1 T W R RS A, AR R
by SRR TR AR IS /N B K S T R R A )N K B R2 R #) 0.93,
IR

X =R I RS (B 3.b-d) , fEJE s Ree K E RN 1 100 B 1A 0
TEACIUAS T RO U ) S R R Ry, AEXT PR B KA Z M 24 3 H, TN R A S IR TR
UL P11~ 357 W 3 1 £ R SRR B (1-2.5mm) I BAF (1) — 25, 178 /N KL% (<0.5mm)
T RIS R U I A R i v T R TS AN . X ST AR RS R — B GlRESE, 2015) , it
R K AEAE AT R SR BOR IAEAS, AT REAEA — € B HE B2, LIS 7 T ASCO0T /) 7 1k 52 )
AR, 2 FEON RSOOSR HOR ER —EILfE (Kirankumar etal , 2013; NiuSetal ,
20105 ZFEXEE, 2018) , FAMNRIEACEN ER AR — X A ge s — M+, eSS
ANKEFBOR BE /D o SR UL, FRRTEE IR 200m I 2 1 R R TS BCA RIS, W LR 2R
T LA B AT, P K R B OR B W R 1S 8 R AR TE, H Imm BA_E KRN HOK
JE RN Z
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SELIXF 25 AN [F BB AL 0 T BRI . 4:00 LLRT, 1km BL_EFA A8 TSR, K B KR
EIRTE, Rk 2 A ERER R, AKIRAE 3km PAE B, = R HE % X A% O X
b UL 3 — B B 65 N 5 R 7K o S5 BT i 2 R 2 T T8 e S [ -2 40 AT (] 4.bs
¢, XTURIEREAKBY B, 1.2km P 5L & B A& AL B ik SO R BUEIRAR FRRIIILG, nf
DAHERR 2= F5 1A IR RN ek, RPARRAHARME K BHIRE = RE T R KB, MR
(1) 2 B o AT P R 7 R R s T O B — M e AR AE, R RN T A S R E B R,
BRI B, BT BRSO = U, B8 RO R I IR, 7RG
RBLUAZATE B IE R R “hiR” (4:01) o 78 “NiE7 BT, AR N BRI R
B, BP, WS/ NRRLT B B AR R AT, —J7 T, X2 B TRUMAUK SR 20t
R ZE AT DA PR (CEESE, 2022) , H—J7 T, KBRS TR RE, S8T
NFERLTRIRGE N . BEEREKIFRSE, 1% IR TS, JRENAMLE (4:02) , BEJESEAH
FHBUIEA N (4:03) FEEIZERE (K4 PaBEME) » X5 MaNetal(2022)F1K
PLEAL, B0 1, R R AR R IERAELE 2-3 B2 N, T ERBBEK, X
BV T AN T #% ok 5 B0 H 2 B K B8 1A AR, RTRER BTN 1| RAETER R, ik
b T 4R 3 B 2 R B B K, BR/KORL - PR 78 K 2 SRR T KE BRI o 1 75X I
PERE KA, S HbTH B /K 98 52 8 BLJCIA AR Ak, (HR] LA B 4:14-4:16, T HbTHA B 21 KkE
T Z RN (B 4 Rt E) , 418 J5, /N F4ke BRI EZ, 15 TR
KK+, B LA A LR BOR AL I 3 B KIS A2

EAME 3, EERKNE, RERENERES T ZNBREK, 5406 1 F1L,
I BAE S T O L TS S ARAE, B N, BEE O IR R, BT “ihiER” oL
BIERR (5 tharbe i) , BEE KM R, 3.8 ARPITNH/ME (0.2-0.3mm) #IRE H
FE, MEIZRPKE RS, iR FTIBSET —ERE LR EWEIERH S, BTk
BOARTS St Aa e, KM I AR, 755300 s s i FEr /Nl R RS 84 8, 18
FREE T 7 T R B8 A B A mT DI 4ERE BT s, o] B2 TR FE R, REFE A7
RAERBEAIR B PAT o AR A AR B s RS, EXRTRAME R K B, BB T2 T
IR AT T AN A AR, e N7, FREAEE N R RV RE, (H T
SR B IE L E S e, BRI RN, fEiEHE I EASm (LA S BHER )
BRI IS TR ROR R, AEAS NE RS DA A, R, R BTSRRI R
TR RR RO, Sk T b 2 W B R P 5
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Fig. 4 Vertical characteristics of different types of precipitation: Vertical DSD of the Stratus clouds (a)

Vertical distribution of CR radar reflectance factor (b), vertical distribution of CR velocity (c), vertical DSD of the
convective precipitation(d) in case 1

log10(N)
5

Z[Bz]

20

Height[km]

(dig log 10N}
5

— 4

£ 3

% 2

z, 1
o
Bl

P2 3 4 8 i 2 3 4 5 1 2 3 4 5 b AN O 5 2 3 4 5 2 3 4 5
D [mm] D [mm] D [mm] D [mm] D[mm] D [mm)

K5 AN 3 A ) 2 Y ek K T ELRPALE :J2 2 P 7 o B e s 2 LA () 2 7l 126 R 0K S 2 18] 7 T L3 A (b)
23 TR L BT (0) s XA B K B B 1R T L) (d)
Fig. 5 Vertical characteristics of different types of precipitation: Vertical DSD of the Stratus clouds (a)
Vertical distribution of CR radar reflectance factor (b), vertical distribution of CR velocity (c), vertical DSD of the
convective precipitation(d) in case 3

10



Bl 6 52N 1. 3 R R K AN ZE 2= PR /K R i 1 Bl v BE ) 2 AT, Horr, B ALK 9 RO I
H4% D(mm), AR B (m), AR R IR EOR BN E A, SRR &2 Ak
Bo ATLAEH, M1 (B 6.av b) fETERETEREA & B AR JEI/NE K, MRIE = 5 1A FIA
FR A A B RS (8 2.2) BB E 2000 m 55 T = WAEETIX, fEiEZ, SR
P B 7K IR T T TS S8 AR 2 SRR KR, JE P EA M K. 7£ 1-1.5km SEZ, WM
B 7K H BT PR P T T P B 5 I [T PR/ KORL P L S U O B A B S ERE . B
PERE K, HIEEIZZRES, FEAEITHE, B DA4ER 25 2 I i ol 58 5, /AL
FHOR B o350 ELAR B BA B 1S 56 PR 48 7 3 BLIA R A2 52 40T 2 78 R A IR
Mo T AEXTRMERE K, BRI EIE AN et T AL, A 6.a FRTCUE W, TEXRPE
kb, ERRMGIZ AR, B s B 0 B R R A R P 5, RIS P Bl /N 0% B2 1) sk
AN, IERAEHER M BRIRIL. MR 3 R (B 6.en D, BREEEMITARLITAMI 1
HRAS KT 1) B AR LAAL, SR ZUAIE IR R AR 2 51 S 738 56 i B R v, Xt 5 5 FE il )
KR FEH 2 /N R R A R

[\*]

Height[km]

-

P — B
I (a)NBo
[4,]

(a)

A

0.5

1 2 4
Diameter [mm]

s

Height[km]

a™]

0.5

1 2
Diameter [mm)]

s

Height[km]

o]

(d)

0.5

P 6. T T I A L e i 1 -

1 2 4
Diameter [mm]

0.5

1 2
Diameter [mm]

M1 XPRFEK (@) ERBEK (b)) 5 A3 XK

() « ErlEK (D

Fig 6. Vertical DSD detected by MRR: casel Stratus precipitation (a) . casel convective precipitation (b)

case3 Stratus precipitation (c). case3 convective precipitation (d)

4.2 BHFT MR ESHRE
Gamma 3 Aii i) DSD #J n B nl AR A :
M, = [™* D"N(D)dD (5)

EWNHER Gamma 3 AAHLE T, SEZ RIAFAERE FITAMR /0% R (Moisseev et
11



al ,2007) . Willis (1984) . Testud (2001) Z5E4h& 8k S BRI 72, Hel T hriEfLir
Gamma MRS AR

N(D) = Ny f () G exp[—(4 + 1) 3] (6)
6 (4Pt
fw = ;ﬁ @)
T BB IRIAE D, (mm) 4 4 B AL 3 B LUARL:
D,, = Z— (8)
PR BTSN, (mm ™ m™3) W] LR
4% r103Lwce
NW = a( D{‘h ) (9)

[No, D, f) = ZH0T IR IR RS . b Ny SOSDREFIRE IR /N, Dy TR IARL
HAR, FSRAIRFE AR 7 RANREF IO ECEE, Dy RUEHIRE AR S A IR T2,
S

6 ‘ ‘ " - - 3 3 — 3 3 T
! & |——ra | W —ra| —rA
iz { ik it /| 5/,' Xt 3 ) |
L . o 4 = | — &= = (f
5 - ~ ] g | g2 % Eq| B2 |
F] = ( = ! = || =2 |
% 5 ‘ i) A I A — 5 \\ ~
’ % Bringi et al. (2003) T 2 | i )
g"‘ . ) gietal 1 T vy 1 - 1|
| Lete *. .+ _"Maritime con. | \ ( S (4
45 %-."g,-_:--- e ® ) | \ I ) R
z: :.:,-;:A_g il 0 05 1 15 3 4 5 6 7 0 5 10 15 20 01 110
S afMPN, :?-"f PO 1 D, [mm] log,oN,, Rain Rate[mm/h] LWC fgm™]
£ -—--=- .-_n;._ - Z‘Q e — BRngietal (2003
e, 297 et : 6 6 6 6
us | R '..Zng’t\'nfantal con. |  [—== = N S| Fmn
TN Y . | R A ({; *E HHE
<. 1\ N \
LNl T4l & T4 i — D
ar siv\ 1 2 X = = |\ = <
MR g 1\ 4P N 2N = BN
. =] 1 o ( =3 > =y / \
[7] | \l [T} | | © @ ¥
25 T2 A\ Tof | T /,/ I | /
. . \ [/ [
S . \ [ | Vo
N 4 ‘ L J 0\ [  m A
0 05 1 15 2 25 3 0 1 2 3 4 5 8 7 0 1020 30 40 01 110

D_[mm] Dm[mm] Iong Rain Rate[mm/h] LWC [gm™]

W

Bl 7. BRI 200m HiE 1gNu-Dn BT (@) AN 1L 3 D BEREERIAEAL (b ) 1gN Bl R
A Cev @) REEEEMZML (4 b LWC BEE L (ev D
Fig.7 Scatter distribution of 1gNyw-Dm at 200m height of micro rain radar (a), D changes with height (b, f), 1gNw
changes with height (c, g), R changes with height (d, h) , LWC changes with height (e, i) in case 1. 3

i — ST AR IR B R B B, 7 45 T ST R IA 200m = BB RN R RL TR
TIRCEAR 5 B0 BE R 06 28 S R 1% 2 40008 = FE AR AE, ] 7.a TR I ZL ] i = e
TR ST B K 1 1gNw-Do “FIIMHE, BRI 5 s MR E BV RK P iz, REEL
ARV ST 52 R 2 FEK 1gNy-Don /D T3 A I 2R, IKETTHEIER: . KR BN v %
IK T 1gNw-Dom B 5341 X 358 (Bringi etal, 2013). K HELR & Thompson E Jetal (2015) #44HH
PHEEUEARE 1gNy FFOEE, ZEH T X 0 R AETEFRE T S0E GRrig et =) 1t
TPEREK AN B K o %o LU o BE e ke 2 A7 B R E R = K s /A (B 7.2) , AT RA
B, RRFEKIZE R RKIEARL T2 T 7, R X R ILAREKNZE =
PEBE K B R EOR AN, RLAR /N, 3% 530 PE b X AR 1T 54 6 M LT 2 B R K
PR R KBS EZEARE BT, HEZMECRNRE (1-22.5mm) 57, #IINEEIZE

12



BE TR RE S A, R ORI A e (EXFICPEHX, SR AR R B K AT
RO PEZE R AN K, T 9 0 2250 3 ZEHOR TP S B ELAR A [ BARBIAS [ e 2= (1 7.b-
D EAFEZETT R PIRCSER K, TR IIEASE RN UK SE R R, BRI
PR R EGREEREED, EREARFNAY] 1, AR MIE BRI & S
M RERHE, B/ BE IO YERF A T RO, M 1 PR SR B K (B T LT A1
[, EMSTRAGDNE, R SE T MR EIREARRED, B 7.e. it LWC B
MIASACIEN] 11X — 5o AN 3 AKX TRl 2 2, T2 = VBRI P K 22 g i
PR 1753 2 (YA E Ve 1 WA <100 NI A ;- O (D i 7 N D TR 91 U i 25 N 5 A AV VAR B A B LR
Mo EHGR L R IRGE R B R, 78 A2 MKV T I BOR EEAS BN TS, /)N iR PR 2 At 2
SRR EARANS T2 2= BRI B /N, X R K e B R R R IOk 3

R 2 FARBENS LT
Table 2. Comparison of different types of rainfall parameters
& m K XK
logNyw Dn logNw D
B3 3.77 1.07 3.82 1.54
[:ZPn 3.82 1.13 4.24 1.40
bk 3.92 1.46 4.16 1.52

7 2 454 Long Wen et al(2019)%5 i FITL 5 B 5 =11 1 R 15 70 1 J2 Zongxu Xie(2020)4%5
HH ) I P A AR PR 2 e R R S 200 0 B R S O AT RS LT o W DA HE, R AR B it 72
(BN AT, ARIT KR, HlTRER ERWTRA0%, fNHAKESE, B
75 11 TR O 9 O R AL LA B /DN, BB/ /N AR o A B K A LG B, RIS PR /K DA A
PR A2 8 7 RORE 7 B B 140/ F I A b X
5.451
(1) TEJZ B hae PERE/K 3 T ME) Hh v T T8 R0 90 1 (O 15 0 WY T i ) S R R e, 1T
TEXT M R KB 2 (A Hh A T 2 5 R 3 0 (SCOURL I 7 <~ 357 9 ¥ 1% A 7E Hh S5k B (1
2. 5mm) FHLH B —80tE,  7E/NRE T (0. 5mm) , Bl B A I A FEE A S s T R R
e
(2) FEERFBKI B, B/NAUK SR Tl 2 ERisE i, WS MLTFERERET
77 8RR, T T 1A RS R IR EOR FE RS, TESRAE T 7T, BORIIUK SR 4 1
T KA R AIEE B, Bl OB N, IR, ANRET 0 RSB T RN
A, FIF KRR I A, TER R N7 I — /0 S8 AR AR AR, R I 9 3 T 7 [va P R 908 5 g o™
7, i RSN IE R ATE2-3r B 2 N . 3 LT 1) RY IS 0 4 S AR M T R A5 ok
BRI BRI R, ERGATIEHE KRR E &, ELfithX RN, TRIESE, K
AR BEBUIR, iy o T My T Y RS (04 56 JC I A B, BV I I E R, “0
7 W N — AR E BT I H ) R A v A R R 3 R .
(3) ML T 5, AL ZRARA i B K 8 )2 2 M B 7K [ B R R AR B B
i/ R AR/ o ERARTE XTIV B /K, S Z 1) T BELS SN HE T 2 (R JE R R YR PO R 28
A RF R I AR, (EFIL AL, 2 2 P R ORI I B 7K P ST 25 W 0R P 22 53 AS

13



K, WoRMZER FER R TP R EERENAE .
S HER (References)

Atlas D, Srivastava R, Sekhon R S.1973.Doppler radar characteristics of precipitation at vertical

incidence[J]. Reviews of Geophysics, 11(1): 1-35.

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]. Journal of the

Atmospheric Sciences, 60(2): 354-365.

Chen B, WangJ, Gong D . 2016.Raindrop Size Distribution in a Midlatitude Continental Squall
Line Measured by Thies Optical Disdrometers over East China[J]. Journal of Applied
Meteorology and Climatology, 55(3): 621-634.

ChenY, LiuH, AnJ, etal.2014. A field experiment on the small-scale variability of rainfall based

on a network of Micro Rain Radars and rain gauges[J]. ] Appl Meteor Climatol, 54: 243-255.

Geoffroy O, Siebesma A P, Burnet F.2014.Characteristics of the raindrop distributions in RICO
shallow cumulus[J]. ATMOSPHERIC CHEMISTRY AND PHYSICS, 14(19).

BN, MR, 5%, 552007 446 R R ARGE N RIERED]. TR AEE, (04): 365-
373.

VREH, B, XSRS 55,1998, =38FK 2 M 1 70 A 0] TR 4 41,(04):123-129.

B, FEE, 28%.2019. 5 R BT —IRE 8 o 5K IE B850 70 A0 R
FE[I. RSB, 43(03): 618-633.

Fabry F, Zawadzki I . 1995.Long-Term Radar Observations of the Melting Layer of Precipitation and
Their Interpretation[J]. Journal of the Atmospheric Sciences.52(7):838-851.

Harikumar R, Sampath S, Kumar V S.2010. Variation of rain drop size distribution with rain rate
at a few coastal and high altitude stations in southern peninsular India[J]. Advances in Space

Research, 45(4): 576-586.

Islam T, Rico-Ramirez M A, Thurai M, et al.2006.Characteristics of raindrop spectra as normalized

14



gamma distribution from a Joss—Waldvogel disdrometer[J]. Atmospheric Research, 81(none):

57-73.

PR, ARAEAS.2008. 75 0 HBTH] Y BE AR B0 2 BT [J]. B9 5 R 2B 44, 31(06): 865-
870.DOI:10.13878/j.cnki.dqkxxb.2008.06.014

Kumar L S, Lee Y H, OngJ T. 2011.Two-parameter gamma drop size distribution models for

Singapore[J]. IEEE Transactions on Geoscience and Remote Sensing, 49(9): 3371-3380.

Kirankumar N 'V P, Kunhikrishnan P K . 2013.Evaluation of performance of Micro Rain Radar over
the tropical coastal station Thumba (8.5°N, 76.9°E)[J].Atmospheric Research, 134(dec.):56-
63.DOI:10.1016/j.atmosres. 07.018.

R, AR, R, S 20185011 AR AR 2 B KA ) e BE R R B G THRFAE A3 AT D], K
SRE, 42(2):13.

MIEE R, JA%EE, B, 55 2015 AR IX MR IEAAAE[D]. RISk, 26(1): 112-121.

Loffler-Mang M, Joss J. 2000.An Optical Disdrometer for Measuring Size and Velocity of
Hydrometeors[J]. Journal of Atmospheric & Oceanic Technology, 17(2): 130-139.

Maki M, Keenan T D, Sasaki Y, et al.2001.Characteristics of the raindrop size distribution in

tropical continental squall lines observed in Darwin, Australia[J], 40(8): 1393-1412.

Ma N, Chen Y, Jia Z, et al. 2022. Analyses of DSD Vertical Evolution and Rain Variation
Mechanism in Stratiform Cloud Cases Using Micro Rain Radar. Remote Sens. 14(7):1655.

NiuS, JiaX, Sangl, etal. 2010.Distributions of Raindrop Sizes and Fall Velocities in a Semiarid
Plateau Climate: Convective versus Stratiform Rains[J]. Journal of Applied Meteorology &

Climatology, 49(4):632-645.

1 S 75 2018 N\ LBk R A/ Mo R iR 1 10952 6 20 A B R U TR AE i 1R B [D). 7 i 5 B R

KE£.

BELF, akfh, FERE, 2520108 FHBEOEFEACK T 1S SO 70N 0% o A R[] S5 R,
30(05): 701-707.

15



Zhikang F,Xiquan D, et al.2020. Statistical Characteristics of Raindrop Size Distributions and
Parameters in Central China During the Meiyu Seasons[J].Journal of Geophysical Research:

Atmospheres, 125(19).

A, JEEREE, RES 2019, 5 G B AR RN A AT T[] 8 AR R 2E R
30(04): 479-490.

B, X0, X3, SE.2015. P8 IR BT RE I R% Y B ISR IIRS BE T [J]. 5%, 41(05): 577-
587.

Tokay A, Bashor P G.2010.An experimental study of small-scale variability of raindrop size
distribution[J], Journal of Applied Meteorology and Climatology, 49(11): 2348-2365.

Thompson E J, Rutledge S A, Dolan B, et al. 2015.Drop Size Distributions and Radar Observations
of Convective and Stratiform Rain over the Equatorial Indian and West Pacific Oceans[J].

Journal of the Atmospheric Sciences, 72(11):150728070220006.

VENG, MEEME, W, 2021 TN A AT FT T b X — RO R I AR ) T R LY
ARFAEI.FRAL, 39 (2) @ 279-287.

Ulbrich C W, Atlas D. 2007. Microphysics of Raindrop Size Spectra: Tropical Continental and
Maritime Storms[J]. Journal of Applied Meteorology & Climatology, 46(11): 1777-1791.

Wang H, Lei H, YangJ .2017.Microphysical processes of a stratiform precipitation event over eastern

China: analysis using micro rain radar data[J]. KSF#EEE, 34(012):1472-1482.

Tk, FEM, s 2017, KT RN ERE R T, SRS, 22 (4): 392 - 404.

HE aRAMIE, 3055, 552022 8T ZUEBORIBUZ TR & = B EEE (1] 3R, 46(4):
886-902.

. 2016, H [ R0 X 2= K BY R SRR R 2> BT [D]. B 5L K2%. Wen L

Mg, X, &, S 2015, PRKFE G RERI R I FA RIURS B AT AR, 41 (5)
577—587.

16



Wen, L., K. Zhao, G. F. Zhang, 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]. J Geophys Res-Atmos, 121, 2265-2282.

IR LSO AR R AR IS T SRR I BUR R & 2 MK BB [ K R
£,2022,46(04):886-902.

Vi, WvEMs, XN, S5, 2023, HE P R PR ORI 5 A KO AR RO TR T[], KR
2. 47(5): 1495-1509.

s, AN, PR 2013 R R VE I R B 20 A I AR B BB L [T]. KRR A A
36(06):699-707. DOI:10.13878/j.cnki.dqkxxb.2013.06.006.

gL, 7k, Kk, 5520177 5 LI BE K MR TS0 S ) S BURHE A [0 AR 53
BiRl2%, 40(03): 71-78. DOI:10.16765/j.cnki.1673-7148.2017.03.012.

17



