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Distribution and Dual Polarization Radar Echoes Statistics of Two Types of
Short-time Heavy Rainfall in Suizhou in Summer
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Abstract: Based on conventional observation data and Suizhou S-band dual polarization weather
radar observation data, the short-time heavy rain events are classified into strong synoptic-scale
system forcing type (strong forcing type) and weak synoptic-scale system forcing type (weak
forcing type) according to the weather circulation patterns. The distribution characteristics and
dual polarization radar echo characteristics of between the two are comparatively analyzed. The
results show that the strong forcing type of short-time heavy rainfall occurs more frequently at
more stations, covering wider areas and lasting longer times. July has the highest frequency of this
type of heavy rain, followed by June and August in order. Dahong Mountain and Tongbai
Mountain are the areas tending to have the strong forcing type of heavy rain most frequently. The
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daily variation characteristics of such rainfall show a three-peak pattern, with the highest
occurrence from 05:00 BT to 08:00 BT, then from 23:00 BT to 00:00 BT and at around 15:00 BT
in order. In terms of the weak forcing type of short-time heavy rainfall, its occurrence frequency is
basically the same in July and August, with the least in June. The distribution of its high-frequency
areas is scattered, but mountainous areas are still the high-frequency areas. Its daily variation
follows a unimodal distribution, with the peak occurring at 15:00 BT. Both the two types of
short-time heavy rainfall have the characteristics of higher rainfall intensity, stronger echo
intensity, higher concentration of liquid particles, higher echo top, and larger diameters of liquid
particles. At the same rainfall intensity level, the two types of heavy rainfall do not show
significant difference in composite reflectivity(CR), horizontal reflectivity (Z,) at 1 km height, and
echo top height (ET), and they all have low centroid characteristics, with the strong forcing type
having more obvious low centroid characteristics. However, the interval and average values of the
1 km differential reflectivity(Zq) at and specific differential phase (Kgp) for the strong forcing type
are significantly smaller than those for the weak forcing type, while the interval and average
values of the 1 km correlation coefficient(CC) are slightly larger than those for the weak forcing

type.

Key words: short-time heavy rain, distribution characteristics, dual-polarization parameter,
comparative analysis
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i, AEERA AL, P R P AL —ZR g ) )P S5 i b . BRI R GUE R, K
SEIE KRS, R SR PRI BB/ 55 51 A Lk s 3T BRI A K, A AR e
RO E R . 0 2021 4F 8 A 11 HMEEE 12 H [ KB 5 508 8 AR o i R K KR, 12
H 04—08 ity CAbatif, FRD Fr4E 5 h LA KGRZ T 50 mm « b s e i i b K,
05—06 45 2 h /KSR it 100 mm « h™, SEOCE AR H 5 ESI KM . T8
it gk, 24 NRIRIET:, BELFHL 10.69 1270 (BIREERSE, 2023) o XK 58 kE
IKRAKRZ /N REERHNR R G4, I ) RBEAN A (A ROBEEARX DN, B R MUt RRAE, R
RAEGR TRMEFE R (EiligE, 20205 EXUNBAIAR G, 2021; FFH &S, 2022; RMGE
2, 2022; FEEESE, 2024; RIULAELE, 2024) , [RIGER X2 X A I 5 B K SR AT LR

T A R S AL () ) B P K I B4 E O B 2 AR T (MR RSE, 20165 A%,
2021; WAHSE, 2022) o ¥R SEAE (2021) BEFTR ISR AK HLG 3 BEAE TR EMIIL AR . ARk
P8 A S G S X3, AR A B B 2 1 H AT AR A RRAE A0 i ) 528 [ 7K B RO
FRAE o WEAREE (2022) Fi HH 1AL (1) 45 5] 580 3K 32 AR R R I DA SME RN 285 5 1 7 H D
6 h DL_EAK i s Bk B R MEAFAE S Y, T 6 h LA P AR % I 5 Ak ) 3 B A T4 )5 3
MR 23 o

X TR I B K B At 5 A, RAFIERFEEFHARTB. Rk R HIE IR —
A5 B /K 58 BEAH O BV S BURN S FE K OB R 7 (Z) 5 KA U B BRI PR 52 A2 R AN [
[ A R B R - B KR EE (Z-R) KRR (A/hgh, 2013) , {H Z-R X R Z M I 52 40K,
FE KA IR Z2 80K (Uijlenhoet et al,2003; BRE#SF, 2015; HjkiT 2%, 2022) . fHHLZF,
WU R T IERR T AL TR R EE Ah, 3 nTERIN 2 A SO FR R F (Zg)  HHSR RS (COD
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TR (Ky) SXWIRS &, 665 i kIWoKERL T AR . KA. M
SEE, ATRETEEKGERE (BFRES%, 2019 . EFK, BEEURIRSE LR
B2, SR AR N AU iR B 1k TORHE SR B 7K 7 TH R e T R B 7T U4, 1996
TRAEE, 2010; 5KPIZE, 2017; MRS, 2021; BEHEhESE, 2024, #OIKAELE, 2025; i
WA, 2025; FRRZE, 2025) . XIBRFEE (1996 2002) XFHLAHT T H R C B
PR P T R T 7 TR A (] 588 FEE A 7 PRI B 28 R, 4 HE Ul 1 7 TS E — 5 Y [ P mT DA st /N 2
R IIECR, FEFRH Zg AT Kop SZTTE AR A0 I REMR /DN, BB AU Hb SO B K AN
TKE. KAGE (20100 FIH L) XUmAR KT IE 2008 4 7—8 H UL BER A 4N 1 AN [F] F
IR R R IR S 1 — MUE TG, 385 1 SERR R TAF o &S50 B 2488
TP 20178 H T I /NI B 7K E>50 mm Bt ) Zge - Kgp A1 CC FISF354E 45 51 v 1.25~1.66
dB. 0.8~1.48 ° km™ MI>0.95. HjF ML (2019) Liit /07 /E | IA [FIFE KSR N XU RS
BEDAR, RIBEEREKRERIR, MBA TR, Zh Zg Ko BB EIEA WK
o FBRMEEE (2023) XF ELAr T T L ZR P U5 P /KRB I XU AR 2 &, R IR HRE B 7K 5 B (1)
KRR ENREENRIESEEEF T Zar, BRI Kgp F1 CC.
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VU DX, AL DX XU iR B Ak 2 B A AL RFAE /D 7 o L AR T 0 IR 5 2 /K R P 5
ZHEPEAMHE., Kin, VAL, 2URSEBRRARERGRIE R, X TN, SEES
FRGLFE ) I 55 R AR BRI 1 B 8 PR AT 820 BIR T 2 R g 5 948 7K B T H 1)
M s o R, 0T P 55 KSR R GE5mAE T 1 R0 I 558 4 7K ) 23 20 AR REAE AU IR 75 18 2 B E
1E, B BT — DR NIR T SRR K R AR R R, Shidt— 54 v T I 3 B /K T Rk
PR LR AR -

1 HEKIR S W77 i%

1.1 BHEXRIE

AT BRI R] A 2019—2023 4E 6—8 H, k. (1) FEIMNSEZEL S AEE R 2 ANE
FRIGMEEFD 64 A X IF LK H Bhuk3k 66 NG5 1E /N K BOkE BERSRIE T4
[GE R EHEAGRES O, BiEd 7 serk g mEsEs, calbrse R (2) & 6 min
FIBEIN S U BEOUR IR R R IAIEE S 2,y Zgrn Koo A1 CC LLK= S8 I 0 s (ET) (2,
>18.3 dBz M K fE)  HAERFERFT (CR) , HAMKIIL 9 AMf, FERRIE T
LB RGME B SHEARGE . Hod Zy, AT SR AR TR BRI B Ky 7T SR
BRI TR BEAN /N, 0PRE IR B G HBIUR:  FE/K BRI CC E@ W #BOR, M —28E ol
CC &RV, WRER/NASMIKEKE . WiHS/IMKEILGFSE. () &EESHH
FOMIZERL,  ZORRIR T E K TR O
1.2 HARFFE
1.2.1 4203 KA B AR St

T SR K Y BTG . A SHER RS (2022) FILRRISSE (2023) HIRFTT, M
B RARERGREEAT F W E AT, KR s B A AR o sk SR R Geimia Y (LA
T ERRGRERIE R RIS RAE RGuamiE (LU RARISRIa A , Hramsmia U FREE N &
J&l321 200 km i [l A 1Y) 500 hPa A IKAE . (K3, B $ 1K= 700, 850, 925 hPa A )AL, #4
WA, B AR, RIAAIE R S (R, VIR Bl A SRS RANNE RS
55 9mAE Y 4R 5 S H 2 200 km S P ) 500 hPa FoARAEG I, H1K)Z 700, 850, 925 hPa
TEUIARL . A SiE, Hu o .

LR S e K R R S e BN 358 PN AT =2 ANl R Bk H /ISR PR K R =20 mm 1) I
BEIK, AR — RGN SR KRR . 78— RS SR A R R, U SRk BN Bk &
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=20 mm, YRR SREKIREG: 2iEELE 2 h SRR I/ FEKE =20 mm, TJIA
N FE A SRR A RS R . ARAEBEMI T 2019—2023 4 6—8 H 66 N G ubi& /N K W %
BE, IR/ B K B =20 mm BUbRHE, TGRSR K EGE, Foit it 87 AN R KIS R
131 kR (R D o KR sR K RS T A F IR 7, B RFEEI K <3 h 1
R, RIS R SRR R >3 h I K R
< 1 BEM T 20192023 £ 6—8 AERTEMEKITIZS TR
Table 1 Statistics of short-time heavy rain processes in Suizhou from June to August of 2019-2023

) AUk i
RAFEH —— KIimtEEe S B KRG /mm n ™
6H7H 81 HUK

FRIRIEA 18 24 12 54 63% 37% 107.1

FaRaR 7 14 12 33 15% 85% 84.9

122 FHEHFELRE

TESEPR AR, B IE T RNEE 6 min — IR I ARPREGE , e DL B 3255300 /N K
XN R, R TR ER AR AT e, FEOPIRIR

F—ob FIFAEEAR 2, 1H B HT (BD&K Z BT e R D

B W66 ks 13 NMEEZE (1. 15, 25, 35, 45, 55, 6.5, 7.5, 85. 9.5,
10.5. 11.5. 125 km) %4 Ayt 75 AR AAAR N RLAR IR R B T Ars A . BNk AU
1B 53 7KV 07 [ R 22 B 7 1) PR AN 5 TRl EA T4 8L, 1 S I8 7K 07 ] R SR M AL A5 310l s500)
W7 A% [ BE RN 7 67 AN TRV A PR, PRI I 3 7 ) ) 2R MR AT Bz A 13 MR R
XA ERE . X 66 Al RiBEAT M, 455 66 1l RiIE 6 min B 13 )2 Zny Zg Kgps
CC L} 1 )2 ET. CR, HT.

F=00 F 66 AuIE 6 min [k R A T IR U TR SO (E, <15 dBz
[ Zn TCVETE A 2% K, R BB Z,<<15 dBz it o ) B ik edle o ks - — ik o4 08
—09 I Z,>15 dBz XJ B (1) T IA B SR AP 48, 1E il 09 I ek di, DA HE .
A5 66 3E 1 h 1) 13 )2 Zys Zgew Kgp» CC LUK 1 )2 ET. CR. HT.

ACHZIR 1.3.1 e Sk B 87 MM SR FE AR, LI 1.3.2 TR U7 RN 87 i
TR AH P B B 7 T8 BORMIEAT AR, TW Rt s i /N B K B S T B AR I — — X RE R, FEifiE
th 87 ANk R /NI K B =20 mm (1) 1335 AN K I 5 KRR A, e rh s g ia AR A ECy 1200
A, SRR TIFEARHCH 135 /.
1.2.3 48X PEA R F KT

K Pearson AHGHE T2, T /K ES S RIASBMEIEARIEE . XEBHMHRS
BN LI PR KR AR BAE R BN 2 57, AR B A S B RHE R /A 22 7 B RE A AN 38 i 5
B, ASCRIFH Welch A58 5% PR 28 RSB0 B (1) % 15 1A 2 S 358 22 il AT B3 KPR 58

2RISR B K B 3 AT RPAE

2.1 #ER

Gert o T LY 87 MR iERE AT RE (R 1K 2) , 45HR: 2019—2023 4 6
—8 AILA 87 AN R AE, Hhomsmia AR N 54 S, F99Ria R RE 33 4. s
1 Y TSP 25 R B 5 B K U 22.2 AN IR, TS 5RIE BN 4.1 ANk, B R e B A S
SEE R R PR K B R T SIRE 2. WFREERT AR A, ssRia i fE s 63% K
DIt RE, A 37% R DI I AR s T 59 5 A R A I I R 5 BRIk 85%, K i i AR
I 15%. SRR, oM B 55 5 0 R i 5 4 K A RS [R5 K
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87 A A 5 A K AR F A 1335 ANl YRk R I SR A K Ao, P R e AL VA 1200
ANVEIR, ZCHE S 5RIE T [ 135 ANl K o T 79 S AT 5 B K A T o 7K B B8 7 L 3 5 s e B i
B FR LA — 5, Bl PR BRI R, o5 L Ry, ok 8 /e 47 5 R ERE K
SRJE 20~40 mm ht 2 0E], %) 2 it 40 mm b, 17 100 mm h™ DL R SR K 3 H IR SR R
R,

72 BEMNT 20192023 FF 6—8 B ML IGHTIRPEKAIPEKRE 57
Table 2 Rainfall intensity distribution of two types of short-time heavy rain in Suizhou from June to August of

2019-2023
>100
20~30 mm h* 30~40 mm h™ 40~50 mm h™ 50~80 mm h? 80~100 mm h*
mm h*
RAIH
VIR (N
Lt
TRIRIA R 692/58% 279/23% 138/12% 83/7% 5/0.4%  3/0.2%
J59mIa R 79/59% 32/24% 15/11% 8/6% 1/0.8% 0/0%
[CESsS 771/58% 311/23% 153/11% 91/7% 6/04%  3/0.2%

22 5T
2.2.1 B iR E AL

M 3T, i s K FRAE AR AN K, FEAAE 15~20 4>, SRR s K AR H 0N
17.4 Ao (EMASFZEBYAGI R f/K ARG, 2019—2020 4 Y 5 s e 4 A0 55 o 18 BY ) 1 75
HIHEAAAL, 2021—2023 Eigsma A REA g2, Mgsimia RO A b . i o
IKEE IR PR AR BOR, 1R 161~374 NuliiR, SEIAIHEIN 98 Kb RO 267 Dufitk, Hrfomis
18T 240 UG, U 90%, TS SRIEBRAN 27 UG, AR 10%, B E R
9o 7K I AE SR R R AR vy, 1 D B s s R A 5 i Y I 5 K BRI L EE
VKL . I G,

3 PBEINTH 20192023 FEFH 6—8 AMAIRITRMEKTIES T

Table 3 Annual distribution of two types of short-time heavy rain in Suizhou from June to August of 2019-2023

2019 4 2020 4 2021 4 2022 4 2023 4 Y

RAA
RS G SIS SRS U SRS UG R K R

PRERIATY  7/132 9/339 15/230 13/255 10/244 10.8/240

§55RiE Y 8/29 9/35 5/15 5/26 6/30 6.6/27

WXL 15/161 18/374 20/245 18/281 16/274 17.4/267

222 =T

PSRRI 93 e 7 R A A R 2 8] e AR 1B 2 s, BB PN e T i LTS A T e A A I i o
Ky EARRM I BEA AR, BAKRE, M REK X LT R, 5
P B LA S L AR AL, SR R ERE K SR DAL E (B REON L. B S PG g R R L
ity DA R AL BRI Ll — 17 A RN 58 P K B UK X, SR80 8 2E 6~6 I, T Bt & mh i A o
iy AL KT AR R KRR X, T 20k (B 1) o dmsRIE R 5
B 7K re A oo 5 S (VI 220 0 AT AR — 00, I 8 9 R 0 R R L DA R 2R AL B AR AT 1L —
FEFAUR D (B 1b) o 555518 2 0 S 45 R IR 5 P /K O BL 5o e R B B R b, 423
OCBEARAE LIRS, Hs X o AT 3, AB Rkl s B A L 7 L X 43X AT
FHERIRAFAE (B o)
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Fig. 1 Spatial distribution of annual average frequency of two types of short-time heavy rain in Suizhou from June
to August of 2019-2023
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N SR I 5 K 2 H R A (R 1 A H sk oA (B 2) iz, B 6—8
HBE RN AR E, s 7 A RBRERs k%, 6 HikZ, 18 Hid. wsiskia
RUREIS 9 B /K I8 H IR R EO i 5 B il L —8, R 7 ARZ, 6 Jikz, 8
/b, IX T BEER B N AR R R R B K SR T A D) 5 AR s T 5 i AR I 0k K B i R
MG 7 FIAT 8 HAEAM Y, 6 Hi/d, X REHE E 7= 5 fill A0 i %

a

500
100
% 300 1

200

100

; Dl 2 3456780 00112031415161718192021222 B
Pl 2 2019—2023 4 i M 1 S A IS 558 B¢ A PRI ) 2 A1 5 2t
(@) A4, (b W5
Fig. 2 (a) Monthly and (b) temporal distributions of two types of short-time heavy rain in Suizhou from 2019 to
2023
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PR S R o 8 oA 7K 11328 3 A 2% [B) o AT B 3 Bz, 6 ) FE B B ARG B A 1L — 5 A5 4
B1J9 3 ke A I s K X (] 3a) , AR hb X RIS 9 P K R AR AR EEAAE 1~2 IR,
JELIN 9 A K 32 A SRR AR R G niid MRA, RS X s s B (5 ik 80%~100%
(KE3b, 3¢) - 7H, MR REKPEES, 41 2.5 RCL s X 7E B 74 e
AR R L 2 8 8 DX 78 A R i B 2R A 3 R A 1L — 117 (B 3dl), e A i B /R AT BAs R R
FERGREANE (B 3e) , HEHA 70%~100%, {HI5RKSIEE & G0k 56 i o /K A0
JCHIVE AL 6 HAPTgn (& 36 o 8 A, K afEKIE: 6 HA 7 H 54 P, 4
2 YA B R AL T BEEL PE R AR A Rt L — e 2 X R AR, b g5 R AU RS SRIA Y
RIS o P AR B R L 7 A g N (&1 31D, A EETH 2 30%~60% .
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Fig. 3 Spatial distribution of annual average frequency of two types of short-time heavy rain in Suizhou from
June to August
(a-c) June, (d-f)July, (g-i) August
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NI 58 B AR AR I IR A okE (B 2b) , HHALRRIERA &, 2 R =04 4y
e UG X RVAT I 58 7K IR 22 I B 05—08 I, I fE HHILZE 07—08 s IRIEX Ry 14
—18 I, WE{H HHILTE 15 Fs SR =Xy 22 P Rk H 01 B, WRAE HITE 23 i . Horhimas
1B RIS 5 B K R 20T 5 A I DUARBL, 52 =08 R S A, (LR I o Pk i B 22 (R R A
) Bty 05—08 A1 22 i 2= H 01 I, 3 3 B 51 AR I 9 B /K R R R 2 AE A
AR RS BE M X o 55 9 BRI o Fe /K Oy B Y A1, R AR IR i 2 I B 15—18
I, WEAE HILAE 15 I, X ATRER M TR B0 R T . AR E R e, XRE A
Gy .
242 =T A

HEHL 05—08 Hf 14—18 if. 22 B Z K H 01 i iX =N 5 B /K IR I U, G
N I B P K B AE B ATIR S R AR I L (B 4) o Z55REoR, 05—08 B 77 B EL 78 5 3R 1 kit
L —7 4 4E 1 2~3 YR SE A 5 B /K B X (P& 4a) o oA b [X 4 i o K & AR AR FEAAE 0~1.5
O, RN SR K T ZAE SRR AR E RS omia TR A, KER 7 XA o gr e A g Hik
80%~100% (/& 4b FHFE 4c) o 14—18 If, JEIf s e K el X AR 7% 22 4 T g #3007k 8 ¥ (14
4d), FEITsREEKAT R R SRE R G ia N T (B de) , (H 55 mIE B J I 5 B 7K 030 B
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Fig. 4 Spatial distribution of annual average frequency of two types of short-time heavy rain in Suizhou in
different time periods
(a-c) 05:00-08:00, (d-f)14:00-18:00, (g-i)22:00 to 01:00 the next day

3 eI oA K ) E A (B 2 B o AR

2.1 WE TR I, PISHEIN EREEKIAT 8 Uk AT I K SR EE R R 7E 20~40 mm b 2
), T B K SR EE R 40 mm h (9 5 HUAN L) 2 A, (H DR LR /K BRBE R, oI R R ik /2 550
FAEHRE R, Lk, AT KSR RE 41 20~40 mm h 1240 mm-h NS0 1 A
53R B K 1 B8 Bl 2 BARFIEEAT G it 0 A

K 9 SRR I 9 P PR O IR 7 I [0 30 2 B 5 PR B BEAT AR ORI 70 (R 4D, HRE
71 PSRAE N 55 B KSR AR B3 2 B 5 P R AR SR MERFAE AN — B S5 K BEAR G
PR S ZHON Kapy KON Zn, 5= Zgr, 1 CC 5 /KR EEBA W AR . Ky F Z,
(AR SRR = B3 i R, A ME R S H B A 3.5 km BUR (RIFRIRZ) » JFFE 1
ke AR SO B, PRIMOAS SORs E 0 B 2 Hr I A I 9 F /K o CR ET. HT BAA 1 km
M Zns Zaen Kgps CCAHZEHE (K5) M (B 6) Ak

®4 TRSERESHSRKBENEXAY

Table 4 Correlation coefficients between radar parameters at different heights and rainfall intensity

Zy Zyr Kap cc
g km
SRORIEZY  FFRAA  sRIRATY  §sREfY sRRAEA FgiRAfl  ERsREA iR
1.0 0.48 0.46 0.15 0.31 0.45 0.55 -0.03 -0.09
15 0.46 0.36 0.18 0.16 0.55 0.44 -0.02 0.11
25 0.47 0.33 0.18 0.13 0.51 0.33 0.02 0.07
35 0.45 0.27 0.21 0.16 0.49 0.32 -0.04 -0.07
45 04 0.27 0.15 0.12 0.38 0.35 0.04 0.13
55 0.35 0.30 0.08 0.17 0.37 0.35 0.02 -0.09
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