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Statistical Study on the Radar Echo Characteristics of Downbursts

Under Weak Vertical Wind Shear in Jiangsu Province
XIONG Xiying"® WANG Xiuming® YU Xiaoding®
1 Hubei Meteorological Observatory, Wuhan 430074
2 CMA Training Centre, Beijing 100081
Abstract: Based on the observation data of 12 SA-Doppler weather radars, this paper statistically
analyzes the storm structure characteristics of the downburst samples collected in Jiangsu
Province from June to September during 2019-2020. The results show that under weak vertical
wind shear, downburst storms exhibit stronger echo intensities, with the average reflectivity core
value reaching 57 dBz, and the height above the ground getting to 5.2 km. About 1/3 of the
downburst storms are pulse storms, often accompanied by a descending height of reflectivity core

(DRC) and a decreasing vertical integrated liquid water content (VIL). The average decline speed

" BERAANFESTE (U2142203, 41875058 # 42375018 ), EREAWRITRIEE ( 2022YFC3004104 ), FESKRE
2Rt IEIE TR B F R I BA IR B F o B SR J3 E R BIFTH RA(CMA2022ZD07) £ [E % B
F—EE  REHR , TENEXRER™ AR EENIGEXSHIRHZE.E-mail: 1074791779@qg.com
BiflfEE . £FH , TENEREEBENRR SN SHEE LR E-mail: wangxm@cma.gov.cn
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is slow with the feature persisting for 1-2 volume scans and the lead time of warning being 0-12
min. The accompanying gust fronts account for 47% of the downburst storm cases and the moving
speeds of both storms and gust fronts are about 7 m s~ The proportions of mid-altitude radial
convergence (MARC) and other radar signatures are not high. About 1/3 of the downburst storms
are related to MARC, while weak echo zone, rear inflow, and meso-vortices occur in fewer than
10% of the cases. However, the pulse storms and the downbursts with MARC or other features in
the middle layer tend to be more intense, and much stronger downbursts often reoccur after the
initial appearance of downbursts. The duration of MARC and other features primarily lasts for
12-36 min, and downbursts and the most intense downbursts can be warned 0-24 min and 6-36
min ahead of time, respectively. The above quantitative structural characteristics advance the
understanding of downburst storms, indicating that operational weather radars can only provide
warnings for part of downbursts, and there are still limitations in warning downbursts under weak
dynamic forcing.

Key words: weak vertical wind shear, downburst, storm structure characteristics, lead time of

warning
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51
MR Fujita (19760 $RH, JRE AR SUE KHLEFERfEH . DHER
l, SBCHLSHE 2 D97k R AE 4 km DA BOSCT #7283 (Fujita, 1981; Wilson et al,
1984; Lundgren et al, 1992). T JG7E LR GUK, N BIAIE— P 5 Ol 781 H 23
FEAETRE KR 3 R TR LR (Fujita, 1978), FFRAEACH TR =3
N4 km PUR )L 22 R 27 (4~10 km) . R i B9 #%(10 km LL_E ) (Fujita and Wakimoto,
1981; Johns and Doswell 111, 1992; Wakimoto, 2001; Smith et al,2004; 7584, 2023).
2R AR IS M I o R W A, JUR R, Re N 51 N
T AT S5 AL R AR AR DA ST b T R R L. 1978 4F, Fujita 28 N IXFIH 2 S5 #h RS
AT TN IR AN RS, KL TNt IR AR A B TR A AL, AR AR A R
{8 X AR HCE BEXS, BLRGR T i R int KR AE B 1L I B B B I SRS, 9 i B it
WL T B2 EAKYE (Fujita, 1981; Wilson and Wakimoto, 2001). Wilson et al (1984) #—35 &

2 T T N RS e 1R S e Rl DL a Rt 7] AN el L W N T WA & £
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S [A] 5 . Roberts and Wilson (1989) J&-T- Bk SRNIEE tH T il T o 8 AR DY I 5 JK Tl s
fiE: (1) EZLTRER SRR TZO: (2 FMAREE: (3) Hyrih EamiEa: (4
WEFEHRFAE, XESRRAEE H AL T R iR b AT 2~6 min i3

bt R 223 3 R R AT W R IZ I e ¥, AR A F WIT R T K& T i B SO T
Fo PRSLXFEFE N i, W AR SO 2 A0 TR R AR R S 9m SF R AL (A
N, 2006; 2020; MEELARSE, 2020 ERESE, 2021 ZFWES, 2023). WAL
FRAESE A WIS, B RR AR I AR TR, Al 7™ A B0 7™ 8 (10 Al oy SO R 82 1) DR XL,
Tt K RS, 2017; 254, 2021; RIS, 2023). ML, SIBEIH
b S5 3 53 2 B XA T BRI 51 AR T 2 K KUK g5, B AR IR 2 25 (O 4%, 2015,
E—EA, 2022; FRBERAE, 2022; EFHWIAE, 2023; o nts, 2024). EAAEAE (2016).
MiBgsE (2018). Jeh] 45 (20200 HETEIARPIEE, WA mREIHIR. IR, JURIE
BR IS RHERAT T 0 K4i0t, i AL AR I REAS o Lo s (H P T R

TESSTE EL XD ARIAEE T, XU 2RI LA Z2 1 — AR L Bkrh XU B2 LA X
Fo REAHIAE (2025) ZiitRW], S9M0BN 1AM T (AlmiEs HemE DI Tili%k
TR S XIEN i BB SRR R RELRREE NGRS R B3R 15507
TR UL RE TS, (HILRAEM R, W, X AT R R s T H B
Wi, 3R H BTG TE 1B R 59 30 J0 SRl T B 2 i R S5 A R AR I OR AR A GBI AT
Roberts and Wilson (1989) #:F 31 Al T a7 U 1 A7 WL I 45 SR 45 H 1) R B8 7 IR RRAE )
2 LA i e, XS ER IR R 5 AT T 3R R B I T T R KR AR
EAAE R, Fak )2 B A ) 5 AR IR R D o B Ak AT 2~6 min I, SR TTE
I TS BT B A PR . Dy 1 3T 55 B XDIAS 1) T 280 A ZR SR AR, ET o T
R PR (L B SRR, SN REA LSS (2025) RN T B IR AR [ T A
REAE SR N o BRI (R S AT E AT SE it A
1 BRS5hE%
1.1 %8

BPF 5 DX 3 AU ks e 18) 225 ) AT V) 1 s, AR VL 75 B HG JA 30 3 12 98 S e B R ik i
4 AR BRI 5 3SRk . ASHEFE 2L TVL5 2019-2020 4F 6-9 H 7E R Ea | H.95 3%
HRYIZIRE T, KAELETRIE 60 km N 525 o FRRFEATTE, JFRHE HK-FHR R
FEE— R A 114 AR 89 (0~4 kmD. 250 % Fiiift (4~10km) 1161 X F
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Fig.1 Distribution of observation stations in the study area

AHIF TS E IR T R IRUAE AR (XA R R ) T8 [ S AR AE AT Gt RIS X 5580
SRiE CRlEEh] 59 E XY TR R R . gt Bk 12 3 S Bk
TR K LB [ P2 AFE AR MR L km (19 5 R R BT AR 2 R 0.5 km
1) 26 “SARIF R 58 5 KRB EHMEE /™M (STD. 62 5 WELH ™ (SS), I [a7y
B4y 6 min.

1.2 BIEERFHESH B R

RERAISE (2025) MU N BRI FAFMGIT BON: 1D —MIFH T, UEIL 05° ff
b 17 ms™ PR AR R 1 U B A A, M IR S B 5 AMASRT 10 A,
WX 1.5 hEAGIHINBLG 2) RN KRIE 10 MEFIEHFEEAFLE, 456 Tk R0
HERETOESE, &EUEKEEREE; 3) T FkEFHBREBR N ERRFET,
i RZ BAE R 73 828 T BRI Beo 0 T AL R BR300 T B0, B St B
BT ARG RGRFEAS s 5N i I HH O RS [ 7= A, T ik ST 77 Sl R ) H 1 A
Z HA T, I 5K R B il 6 B it SRR g MR FE A . 525 0 o BRI 2L iz
4585 MAFIAH T Gi vt LR S S 3R PR 7 AR 1] 3 B2 A ALE
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IRATER N T RAFAE: B P AR SRR O 3P A% O R (DRC) HFAE
LR EE . 591X (WER). FEE RBRE/KE R (VIL) R IHI/INRE. A2 A3 B2
FFAE: A0S (05° ) fEREAEE. HhE2EMRES (MARC). HiRlE. FMAR (RD. K
R R ERRE. Horh, KRR HURFIE(E N B B IR B R0 ST, K%
SR FAZ ORI . 2R VIL BUE SS. 4 DRC K VIL B I/NRFIE, 580 W 52 1 i 4t
R AR, AR R B S — AT N B B2 A S 3R R AL e B2 T B AN
0.2 km; VIL /N EARRE 2 kg m?®), Rt AGiitHEA.

Roberts and Wilson (1989) & Hi 1) J5 ] A Ji sk FIRFAE SR = W bR e, 5 U NStk O
Bl FLAR T IR AR SRR RIERISE SR, DRIEART S Ge it R B XER J5 00w ) o
77 1A AR T RN o Ge b R v 7R R 5 T [ 8 O N8 e EVRFALE HE 30 L BRI 42
THRE MARC. RIL R IE e AR BB 35 R rh 00D AR 1 v B S LS
2~7km, WREREDHNEATEE =15ms", RIEE=15ms™". iEgddE=8ms", X+
Hoiblie, BRI TERAE 2 DTE PSS A LBl S REBRHEAEAERT, Srit &R
ESRE . wfE FUBEAH . 7R B RMARITERE Y, T8 — 1 ale) — B L a & X 14t
TR BERT, THEIE S SURRE b ZE M, B ANESM A Bl B I BCREAE Y MARC 2%,
TR R R, MARC REZNINIE . FO#FELOMEEES, T8 /N T 10 km.o Hikiess
JEE 7 SR LATE T A5 ) Dy w2 A1 70 308 B 1 B K R B, TR I e L BE A R (3%
D,

T TURFAE B U I 1], TS HOAE O B TR AR A A =17 m 8™ 42 i 8 B8 A B R4 3
JEE FRY IR TR) 42 i MRS AIE 1R 282 ) T

x1 THERENBREXFHEGITH R

Table 1 Statistical scheme for radar characteristic parameters of downburst storms

FEAE Y T KPR
MARC A5 ) 3 B o v o KGR 2 5t PRI B T 0] IR ) TR SRR A T R R L PR
e = PN St 5t SRR T R T S0 I ) e 5t SR R S B o v P S
KEEM 15 m = s Z AR
RI PRI S5 0] 5 KA T 9 N T P -
iR LR

5 R1 i X 107 S R A A%
WER WER 385 FT 72 e S5 -
PN

B KB AR D 4 AT AR, i A2 FL— BIADN Ty BR T A B R B -
(1) 0.5° S s H7 EHE b, A2 i W o B A A IR 72 47 [ 5
(2)  05° fifpfer B b, 72T i BRNERTEA L. FUE R RSO R & 2
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B RN 2 ) B VA B AT 5

MG AR EAAEEE: 1) R AR BRI A b SARFEARIILLRY; 20 5. M. R
JESERHEAR A 3) HRAERFEEIS 1) 04 4) REHEARNS T A MATI A =17 m s™ 42 [ 5k J3E A
RAR ]38 BE HH B H AT I 1A] o

2 THBRABEERES TSR
2.1 BEEFHESLE

525 AN A R UREA B AR S5 AR AT o LB P 2. £EBE DRC ARRAE A X I R EL 451
i, N TA%, ST (2022) XHEZAAARE T ZIUHERI ST 45 RAE (77%). 59
e E DI , KR AR A a So e ARV AR, AR T RE P A DRC AT VIL P4 (70%)
BEAt, 734 86 M 58 AMFEAKLINE] S F P A% O R EEAN VIL B RN F . 1ZILRE
T2 R NRE R, ZABEN IS EC N d B R g I, BRI A
VARMEN =17 m s™ 4 1 WU L S I0AR 1R, 29 52%FEEE DRC I VIL N R A5 42
I T S 5mX.

DIAERESE (Eilts et al, 1996; =45, 2023) KB, MARC J& o F Ui i i LI X Bk 45
PRFIEZ —, Ll Eik 80%. AT 32%FF A (& 2) iR5IH MARC $FE, HBIE %
A . 5 BRI AR A A2 5 X R I A7 AEABUR S BTN R DU0R, T 85 3 BRI TR
BN E B RE D TR YU S B B ARRSE AR, MARC RHEA SR . Ak,
AP FPITEAE A KA AERR R 0k 60 km A, A 1573 2 R 8 b A X g s AR 38 A 1)
HZE B RE (2~7 km) iy, KAUUMESLKELE Roberts and Wilson (1989) HIAF 5T
th, FLER I 30 km VBRI 31 MM T dr R AEA T, A (3~8 km) MIZJE (3 km EATR)
A VAR B 3G 9 (1) EL A9 7 701 O 45% 1 81%, A7 35% IR A ML AN 21| 22 i€ LA_E FOA [ RRAIE

HipjiE. WER 1 RIRFIERIFEBE ELIA 2 10%, Forb RIX 5%. —fckii, H1Z RI
R AE T UTH SR, AP T UT R N A5, AT H 3 4R SO
R, SRS IR B XS REZ AN 5 T [ R 4 T Bk KA LTIk (EARREE, 2016:
SLAE, 2023), (HAWTFLG TSR RIFTEEBIAR AR, WER fitzm K& BT, EJt
TR T YUV, 2 RARTR KR 2 B WER RHIE: i ek B BB A — 8 14 E
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FARARFAEAR T 10%. Roberts and Wilson(1989)5& -4l T i 23 G v Hh (1 DU TS JRRAIE o
Kx DRC (48%) 4, HAMKFE L@ @ T AW 7. BT T HASE =3 B A ATV R 4137
WL, B I K A3 18] 7 9209 0.15 km, A4 104 2~2.5 min, JLE A R E T AR T
f¥7 6 min F1 0.5 km.. EAH 2 A SN T 25 A I R AN AR [ A 45 5 T B2 A SR KRR AIE AR DI E 70
S5, AHTFTE R 2D 2 ASTESAN A7 AL e B0 TR 2 3 BUR IE 5 HAR . 253 EA K
R IRARFAIE o EUAR, 2R I Ml 95 7R i 2 T X A A8 R U 89 3)) 7518 R I R i B
WERAFAE—TEMERE -

R B TRIER, 1 o F K ER A7 TS RHE & EEAN &, (Bl T AR AR A SRR,
FRFHEREABIA LA, ARE R — PG o B R R IE AN .
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VILAERE
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WER

BRI

K 2 2019—2020 4F 6—9 HYLH N B it M2 A RIS E L] (FEARE: 525)

Fig 2 The proportion of radar echo characteristics accompanying downburst storms in Jiangsu Province from June
to September in 2019-2020 (525 samples)
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2.2.1 RSEERFROMVIL

S ZR PR T A% OAH SRR A e it 45 R 3 s o et Be A R Bt 3 R 1A% 0 ik
JEF 9150 57 dBz, 50%7 A AEFIMER % B2 e KAE 144 58 dBz, — K T diBim =R A K (K
3a), RUITERISIEH AR GBI T, 51N o R XU Bl 5 B2 5k HLAERF IR Al
NHEA PRI T HRR. Gt BN, RSEETZORTEI&EER 3 km, &R
Giit-FME oy 5.2 km, HAGCIER. E TR NERRES AN 44, 5.4, 55km
(E13b), # FH R REGRE N 4.4 mes™ CREAMAFIR R T #2016 km), R 2R
R 52 S 2R PR A0 v R BT P 250/ T el BN T i AR A, = 2R T i R
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Fig.3  Statistics of the reflectivity factor cores of different types of downburst storms in terms of (a) intensity
(sample size: 4585), (b) vertical extension height (sample size: 525), and (c) descent speed  (sample size: 901)in

Jiangsu Province from June to September in 2019—2020
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Fig.4 Statistics of different types of downburst storms in terms of (a) maximum VIL (sample size: 525) and (b)

VIL decreasing speed at per volume scan (sample size: 1241) in Jiangsu Province from June to September in
2019—2020
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B e R SRR R T 5 m 8™, B A B e i JL e i 21K T 10 m s~ 14115 18%).
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Table 2 Statistics of characteristic parameters of storm samples
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WER 9.5% (50) -
WERZEE KA 61.5 dBz MEEE I AMHE 4.4 kn
RI 5.3% (28) SEHIE 20.9 me s FYIE 5.3 km -
FHME 5.9 km
MARC 31.6% (166) FHME 22.5 me s TFHIME 4.1 km

MR R KM 4.9 km
M 12.5 me s
iR e 9.9% (52) WEZE % B KA 1. 1 SEXIE 3.6 km SEYME 4.7 km

-1
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# HA WER. RI. MARC. Hi e Rr il /N 5 B9 om fE o ) 5 S A (B 5 X2 A)
XFTHE (B 5) B, AERE bk DUFMSAE A R o SR B F R e, P IMEAE 23 ms™ DAL,

10



253

254

255
256

257
258
259

260

261

262

263

264

265

266

267

268

269

M AR 22 m st XM, R LR IARE & LR, (H X SRR 7 AR A8 T

<571

32.5

THFEREBE/ (m

K5 2019—2020 4 6—9 HILIAEREA R AR SEHRHER T B E Rl

Fig.5 Intensity statistics of downbursts with structural characteristics of different storms in Jiangsu Province from
June to September in 2019—2020
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Fig.6 Statistics of different types of downburst storms in terms of the moving speeds of (a) storm cell and (b) gust
front in Jiangsu Province from June to September in 2019 —2020
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