A % Vol. 48 No. 5
METEOROLOGICAL MONTHLY May 2022

iy 5%

8 & &
224 ¢

[S2 BNl
o E

EFEE R 82022, BB X 4 YRG0 24 S I % Ik 7 X R RR AIE 23 A [T ], 4R . 48(5) :633-646. Wang X C, Li

S J.Meng Y J.2022. Characteristics of four low-echo-centroid convective storms of short-time heavy rainfall in Wuhan[ J]. Me-

teor Mon,48(5) :633-646(in Chinese).

BN M X 4 R AR BT 0 36 55 B 5 B 7k
X it XS AL 57 17

ITHE ERNE HEX
RRFRALE, RN 430074

R OZE: MAASNRSNZ /N AGE 5 min WL OB KL kA R R T SWAN PF 7% i S NCEP FNL 43 #r
Gk T SR DX 4 YR AR BT 0 2 1 B 58 R8R KOGT O U R AR R AT 20T o S5 SRR U] R ) ) R A 545 R 19X R G AR AE AN ] L IR
)2 B8 58 3 AR AR RRE T N L IR AR e e R T L AR Rt i B R R AR A M A K R i A R OIR iR Xﬂnu;aﬁrrﬁi
KA T B W ZU AT 45 AR M B 35 0, b 1 22 A o RS A0 I8 & e 4 X 08 DX R e I3 /K o 22 £ B i ) 5 %
K, T BR X BE B B S5 AT, B s R A R B K S B SR R E I E E R R E P KA EW®S . AR mERmE, £ H
30T b T )2 375 37 58 A 0 S b B S 2 S ik R 0 1) A SRS B DA R XU B K [ 3B R AR R B KRR AR DR B, TS SRR RUEE X
TR G (MCS) B8 3 A5 o 2 A i B3 7K S TR /0N 5 o i 1B 2 3R B0 Dy o R 1) 19 K B2 R = Il e A e 2 3%, h Bl P g 2B s 4
TEAE T B A B — B B B /K 1 5 #8055 50T 26 X U B AR ok 8 XL 3 50K X R 5 2 2R O SIS A BTk A I ) R R I R R K ) R
JRE B 5, A5 I 5 0 1] I TV 285 R [) 56 M 5 A 7K SRR BB RN R S 6 AT . FEOR ) I R B8 5t L il R i ORI SUR SR B B 5 R K
M e ML T AR5 B R I O [ A AR A R A A T AR AR RGO ik R A R OR [R) R BUR B AS R E = . i P RE RS
Xt F MCS ) il & ZH 20 T AT B B4R, H AR T W AR A MICS ZE IR (8] 38 8 2 AT — 5 A0 B2 5 o, O 1 M ThT B A 4k VIR R B
[X 25 Ml T ORBE R S8 6 F A MCS (1) filk & 212U 25 19 38 A8 4 HAG AR I 1 38 7m0 L
KR : IR KRR EE RN R R AL P RE RS
hE S ES: Pi6s MHEARRERD: A DOI: 10.7519/j. issn. 1000-0526. 2021. 051001

Characteristics of Four Low-Echo-Centroid Convective Storms

of Short-Time Heavy Rainfall in Wuhan

WANG Xiaoci LI Shuangjun MENG Yingjie
Wuhan Central Meteorological Observatory, Wuhan 430074

Abstract; Based on hourly and 5 min observation data of automatic weather station, SWAN mosaic product
of radar composite reflectivity in the middle reaches of the Yangtze River and NCEP FNL reanalysis data,
the characteristics of four convective storms with low-echo-centroid of short-term heavy precipitation in
Wuhan are analyzed. The results show that the characteristics of convective system induced by different
weather backgrounds are different. Under the background of baroclinic instability caused by low-level
warm forcing, the environmental conditions are high energy and high humidity, and the accumulation of
thunderstorm cold pool is conductive to triggering linear severe convection in the stable precipitation front.

Under the baroclinic frontogenesis background, the convergence of cold and warm air is intense, strengthening
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the baroclinicity; there are more mesoscale cyclonic waves on the ground, and the stable precipitation in
the front area is often accompanied by a short-time heavy rainfall. Under the quasi barotropic background,
the baroclinic atmosphere is weak, but the high-energy and high-humidity environment as well as the near-
surface flow field forcing and local thermal difference are easy to trigger severe thermal convection activi-
ties. In addition, according to the radar echo characteristics and precipitation characteristics of convective
storms, the TS (trailing stratiform cloud) type moves faster, resulting in a small range of short-time heavy
rainfall. Quasi-stationary type shows that the echoes of large-scale stratiform cloud with zonal trend are
stable, and there are multiple cumulus convective echoes in the middle. The precipitation enhancement in
each stage corresponds to the new convective cell passing through Wuhan Station. The consolidation type
is in the circulation when the waves merge., often accompanied by the occurrence of heavy rainfall, and the
echo shape and direction after merging affect the intensity and duration of precipitation. Actually, under
different environmental backgrounds, triggering inducement and organizational form, the surface meteoro-
logical elements before and after the occurrence of short-time heavy rainfall show different change charac-
teristics. The different fronts and convection triggering positions lead to different changes in temperature.
Ground mesoscale system plays an important role in triggering and organizing the development of me-
soscale convective system (MCS). Its generation, elimination and transformation usually have a certain ad-
vance in time for MCS. So, paying attention to the development and evolution of ground mesoscale sys-
tems such as ground convergence line and temperature front area is of great significance for predicting the
triggering and organizational evolution of MCS.

Key words: short-time heavy rainfall, situation configuration, convective storm, surface convergence line,

surface mesoscale system
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Fig. 4

(a) Synoptic situation and mesoscale analysis chart of NCEP final analysis data,

(b) radiosonde map of Wuhan Station at 20:00 BT 12 June 2020

(in Fig. 4a, isoline: 500 hPa geopotential height field, unit: dagpm; barb: wind field at 850 hPa;

red dotted line: isotherm; brown solid line: trough line; red. gray and purple arrows: 850 hPa,

925 hPa and 200 hPa significant air flow; black thick solid line: ground isobaric line; the same below)
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Fig. 5

(a, ¢) Synoptic situation and mesoscale analysis chart of NCEP final analysis data

at (a) 02:00 BT 6 July, (¢) 02:00 BT 10 August; (b, d) radiosonde map of
Wuhan Station at (b) 20:00 BT 5 July, (d) 20:00 BT 9 August 2020

(in Fig. 5a, red and blue mark: ground stationary front; in Fig. 5c, blue mark: ground cold front)
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(a) Synoptic situation and mesoscale analysis chart of NCEP final analysis data at 14 ;00 BT,

(b) radiosonde map of Wuhan Station at 08:00 BT 20 August 2020



640 A

% 548 %

3.1 6 B12 H20—23 W —REREERK=%

6 H 12 H R DK 2 5 i B2 19 o R XTI R 4
(MCS) 5 7R 4t 74 B 1) e AR X9 18] A< AL J7 1) #
RN TS HER i REEX i RS ARFE (CE 2R
55,2019) . X2 MCS JZ Mk = B oK [l 9 2 Bifi 75 2k IR
XA Z 5 B B AR X I 2R A B A
T AGHE Dy 18] 56 LT H (& Ta,Te, TD . A
o 3 0] 9 T 0 I B Ta TR LLE LR B
JK 813 B 58 AE 10~40 dBz, 30 dBz 5 JF ) 8] 3 1=

JERT i 12~14 km; 58 8] 35 4 7E MCS 9 38
45 dBz JEATE 7 km (0C 2T e KIS K T
TR 2 km BN B BT O AR . A B 7K B8R BE B
RS AR A6 A 12 H 20—21 B R PG IKF
ol i SR K 56. 6 mm o« h ', Hidr 21,30 ik )
15 mm + (5 min) ' B &%, 25 4EFEFE 10 mm (5
min) ' {YF B 15 min, LK MCS Ry £
A 2B AR AL B TR P 2 R ) 8 B AR A K
ENSERANY A g N -

dBz
55
50
114.0 114.5 115.0°E 114.0 114.5 115.0°E 114.0 114.5 115.0° 45
20
(e) [ R (] (2) (h)
EIS' b |74.8 mm -1
& : 40
| 48.4
210
&
F o5l 8 33
| 03 04 05
0\4\1\1\\\\\\\\\\\\\\\\ T T T B Lt b | T T T N T S T O Y T Y M 30
00 10 20 30 40 S50 60 10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
i 7] /min It ] /min i 7] /min I} i) /min
18 @] A O] 1 (k) 25
16 1 1
14
g 12
E 1
=

K7 20204 (a)6 A 12 H 20:36,(b)7 A 6 H 04:12,(c)8 A 10 H 02:24,(d)8 H 20 H 14:48
R AW B R TR LA TR F5(e)6 H 12 H 2123 BE R TG AR & il
(D7 H 6 H 03—07 5 5 43, ()8 H 10 H 03—05 W 13, ()8 A 20 H 15—17 i}
2 T 00 o il e R TR R AR 3R 3l /N I R 8 1 K% i DR /N I R 7 R B P 118 T AR A 5
G~ D B [a] [7] el 7a~7d. 8 Sy KU BB BT ] Ta~7d h A—B 2R B 0T /s (8138 1 1 &1 1T
Fig. 7 (a—d) Radar composite reflectivity factor at (a) 20:36 BT 12 June, (b) 04:12 BT 6 July, (¢) 02:24 BT
10 August, (d) 14:48 BT 20 August 2020; (e—h) hourly rainfall variation of maximum rainfall intensity

at representative stations and minutely rainfall variation within maximum hourly precipitation

period at (e) 21:00—23:00 BT 12 June at Dongxihu Sports Center Station, (f) 03:00—07.00 BT

6 July at Wulongquan Station, (g) 03:00—

05:00 BT 10 August at KaiKou Station,

(h) 15:00—17:00 BT 20 August at Rainstorm Warning Center in 2020; (i—1) same as those of time

in Figs. 7a—7d, but vertical echo profiles along line A—B in Figs. 7a—7d in storm mature stage



%5

R DU X 4 YR BT 28 S5 I 3 B3 K 0 3L XU 2 4R AIE 20 A7 641

3.2 7H6 B8 03—08 BFf— &1 %

7 H 6 H eI S TR A RN O R T R
Wi %) %61 I iR R K e AR (IR 7h, 7, 75D o M T A A T R
R A VT H R U K R ) 2 1 L 36 B Ok AR P IR
Ia] 1) 3 Pl e M 2 MR 5 B K [l e R A % K
18 J22 AR 2 [0 3 P AS 7 A 3 1) R ok 3 T 98 A i
s et R s M R K Rk BE A 5% SR 1 5 1Y)
5 R oK CIEL 7). DA 3K [l 3 ) I ok A
(7)) 2R = 1] P 58 e 10~ 35 dBz. 30 dBz [f]
U e B PTGk 10~12 Koy 365 o580 B 58 938 7K 19 6T 38 Tl i
45 dBz K JEE BEA K 8~9 km, 5w K ST 2R - 5 B
6 2 km EF BIERCORAR. 7 H 6 H 03—07 By
Mg~ 88. 3 mm » h'',3 h BitFE/KiE 150 mm A&
fio 04—05 B 5 min R it B ] 8 48 )5 91 {87 1%
B B P4 e K REAE 22 O 35X b5 AE 04210 3K 31 56 —
AWEAE, K 11 mm » (5 min) ', ZJ5 2 F R,
04:35 JFURRE K PR G 580 , 76 0455 IR F 55 — 4 g
fH.4 14 mm « (5 min) ", & — B Be FE K 3G 3R 4B 5
A T L B 3% 8 L A X I 5 38 28 3% i 1 X
TR A SR 1 B T RS E M R K 5 e e R A K
1 58 B 104X 3 Al [ 98 R AE 5 ik /K R A ) A TR 4 P
5 Fi o T 1) PR R A A G 5 3 R G0 i R K R
SUOA AL CHE AT A% ,2017)

3.3 8810 H 01—06 RF——ALA &S %

8 H 10 H IR 5 W X 3 XU [ 3 45 44 2 B0
ARG FHAFE(E 7e,7g.7k), 01 B TEVL B M i A %
1009 T8 B 1 i b T 1) B Bl K TR 45 e s B L [
B A BTG FBAG 43 B HR O A [l 96 1) AR A% 4 L 02
i 0 24 Al [ 8 () P S Bk [l £ s R 5 I F
S [ O A AR AR B 5L, 2 ) 32 K2 e R
FIdb b B IE Il i B R % 2 R v (e
U il J o B A 1, 45 dBz 5 010 1 & 8 =5 FEAE 5 km
LR B AR . B K IR 8] 7 51 0 B - 5t K k2
BF B BAE 0 G OF =2 05 T I i 6 O o i %
F R KR ERIS ,02—03 B M 583K 74. 6 mm « h ',
02:35 K F) 4 —ANUEME, B 17 mm « (5 min) ', Jf
16 10 min 2Z J5 - 0GK B 0 {8 5 |1 & O J5 78 3 92
MLYERE T 2 S Z /N A TF IR L 5 O, 03—
04 B FN BRI AERFAE 50 mm « h ' A2y, SR K G

FERFZEZ 2 h,
3.4 8820 H14—17 R—AEBAESIHE

A8 J 10 Hid #2l.8 A 20 HatFd b4l
BUE IR KSR . 14 e AP Y A A
B [ 38 75 1) A58 ol o 0 A v PR 41 20 % R — 4%
T b 1 28 A 1] 30 T B o YT 1 S — 4% AR P 1)
AT 5 IV 1m0 9 1) A6 B By o PG B[] w b 1) A A Tl
P BT 14230 78 BB R AR5 JF i s0sr 19 =5 AR [al
W » 22 ) 78 3T M 2 R R PR R R R AR P
T 3 » A% BEAEH5 8 41 200k B 5 R 9 i) AR G D 1 RS
& e, VG B 1l VG D b J 1) B8 g rp g o WO T
58 H 10 H i BRI 2, et 72 638 2 A 5 il
WG IF IR - T 24 2 B 5 1 41 2UAK A R 3
XoF 3t S J o Ok TR A 5 T 3 S ) S R 8 R A B G
M8 H 10 H. B sh i s, TR Ik ]k o B4
T8 P AT LA CEEL 7D BR8P 28 A X i
TRAETE 2R = B K 1813 Y & B AE 10 ~ 14 km,
30 dBz [l Al 3k 10~12 km 5 B 5 0 3 1 4 K [l
K REAR .50 dBz [ d i & JEF) 7~9 km .
5 (] 357 A e ] 8 4 1) S DL U Ik VR R K O
TP B AT o T A R R KU H B . DS B K B ) ] T
PUF 7€ 15:05 194 9 J5 B /K 5 3 7K 3 T L oy
(5 min) ', Z S5 [ MT SRS L R Kt 7
20 min Z G REKE TSR 8 A 10 HAHLL . i T
F GRS Sl e o W K 5 R S 1 91 L B )N

W 6 H 12 H b FEAH Eb » B U A e 3 #4028 BE
1o B AL Sk ) SR X 3L [ B sty Rk, AN [ ) S 2k
ARG T A KA 2R = AE e Fe H R A AT
RE 55 AN ) % i i 38 il & A 6.6 12 Had FE AR
J22 5 VE T I O R 3 i L R R B AR P R K
Jei » Xof o7t ThT A8 L T 77 A 4 Tt , ¥4 b RE R A R B —
SERRBE R IV B U T 2R 2 U T ) 2R BT R
AT A R = R =R AR T B BUR 2R R
AILRAR XTI+ 10 8 H 20 H b 7k i 1E FE R85 T Jey b
{18 A 58 3 R O AR XU Bl 5 0 i & o X 3 A fioh & T
Gt AR H L AR PR B2 A i B AL 2k i 2tk )
i o MNBEZK 8] 77 51 R & P UK 3k R B K it 34 2
e Y 55 A 7K R i) B [ 6 Y BN AS TR 6 ) 12
H i Bisf 3 46 7K S A B 5 4 st 1) A9 2R = e e T
TR T L U o R TR [ g e 3 3ot B U B K R 2%

14 mm -



A

642

% 548 %

Sy S8R 1) I A T B I B

4 st RO HFAE

4.1 WESKERMEEURE

4 YRR HE DX IS g A K o R Y R R B T
AN T) e 3 A2 [ 30 20 2O [ it B K B B A TR
AR IX 4 Y B A H T SR B R AT R LG 3T
S ISP iR A K R AR L v L S B b T A DG 2 3 AR AR
.

6 H 12 H if ## v, 5 B K i B & A 7
20:30—21:00(1& 8a) , e KFF/K5RE Hy 156 mm « (5
min) ', P OK 5 ORLIE R 7E 9 R OK & AR T 5 ~
10 min, R FF 45 IR, 58 B 7K 25 BAT 5 min KR
SR /DN 5 B K e A i T BE R 8 SR BE 25 (EH O 4 C LB
IKFF G I i B AT T B 8 0 2 8 T /N e ¢ 5k 3

1002
(a)

999 | 5 [

996 { ot i

p/hPa
N
\
Y
s
1
\
s
'
1

e JRGE(Y)

——

R, H R

T nli
58
=

WREE . #E
=

20;30 21;00 21;30 22;00

22;30 23:00

k] /BT

999
< (0
= . -
N 9967, NP e N //"»"’"”“*““’ Semme T TN
S

993

30

R
F 58
=

/ e A (v)
) if;} —— %%
WX 101 —— TR E(T,)
ks —— i E(T)
o

s P NG X e X

0 alied N9 ,T,x; o . . . -x._v_.c‘ >
03:00 03:30 04:00 04:30 05.00 05:30 06:00
k] /BT

— 30, BRI R e b TR BN BEOK R AR T R B
SRIEREWED EFHIRS B BN . i AR
R EA U A TS LR MCS 1 BERAE 4 i
KA JE VRt & R Y Y A O A # e 3 R
W RGN (R 7 0 58 XSRS o 80K 8T 1 SR X
T > T RN B K KR ) B IS 4 T R B T E A&
&, KET R .

8H 20 Hid 5 6 A 12 H &l # 2L, 4B &
£SO T S O T R f e S T RS B IA TR a =
I BT REAE CE 8b), o B K I 0 AL, B AR TE
15:00—15:35, i KFF/KH# K 14 mm « (5 min) ',
FERE K A B ek B 5 2 T /)N 1 PR 5K )
TRLFIAR S o XU WY J 38 K, 5 e K A S L e ] — 2
S B AR TF 6 B gk 52 0% B BRI A, BB —
HIGZW TR, [/ 6 H 12 H it R A E , XGHE 38 KA
AT e I 2 B B K TR B & A 6 12 H gt
T o XU 18 KRN He T & A= A i I SR R 7K R A T

1008
< (b) /’\‘xf‘ -
& 1005 4 - SN T

Sio02{ T

999
40

AR
i
: 2

)
= ) e ()
: —— i
b =0 —— IR (T,
g - ) - JE(
14.00 14:30 15:00 15.30 16:00 16:30 17:00
fit ] /BT
999
< (d)
a" ——
<996 T T e
[ T PO s
993
40
=EET
‘:‘ 20 | e WG (v)
%%? A%%;
(= —— TR E(T)
Jn%( 10 ——IRE(T)
’ 0 | ""'*‘-. X e PSS
02:00 02:30 03:00 03:30 04:00 04:30 05:00
fit ] /BT

B 8 2020 4F 4 W JE I MK R G B R AL
()6 J 12 H 20—23 B R PGMIAT H.0 . (b8 J1 20 H 14—17 I8k 22 1%
()7 H 6 H 03—06 B F#1, (D8 I 10 H 02—05 Wi = £k

(FY 58 B0 : mm

h™ YT, Ty B Ciu, BAfii:m e s7 1)

Fig. 8 Element variations of four short-time heavy precipitations in 2020
(a) Dongxihu Sports Center at 20:00—23:00 BT 12 June, (b) Software College at
14.00—17.00 BT 20 August, (c¢) Liangzi Lake at 03:00—06:00 BT 6 July,
(d) Wuhan Third Ring Road at 02:00—05:00 BT 10 August

(intensity of precipitation, unit; mm e« h™'; T, T4, unit: C; v, unit: m + s 1)



%5

R DU X 4 YR BT 28 S5 I 3 B3 K 0 3L XU 2 4R AIE 20 A7 643

TR S 28 53X AT e 5 LR B 2 R4k
XA UG I R R A O AH I AT Y 2 455 IR [l
ERDP R A IR A T i SR [ s e A
IA7 A KU g B8 KA — s s il L imd 6 12 H i
FEE S T 2 A KU i K SR ] iU B 85 X
A fib 2 G RO S BRI O XU o R e e R K
K

7H 6 H 0306 BAIS A 10 H 02—05 iy 1
RGBT R AR B Ry — B0, #2 Rh R 4 2R 2
BT R K B AR B R R AR . B K B S 2 B I sh A
(8, 8d) s FERF K K AT L Hf e T B L XU 34 7 Ak
ANK s R AE R K R AR Ja A /N e B % sl vk B T OB
AN B 2 RER K R iR S = & 0°C,
TR —BOA B RS . 2 WS BEHR & AR AR 2R 1
7 H6 H 03—06 I K & A 15 R E AR L AN B 2
B8 A 10 H 0205 B 3 Yl B 78 B /K & A= i i
IR TR BRK R AR RS 4C. X5 2 Ik
S RRANTR A il & A B A .7 6 H MCS i 1k
B bl R R B B IR R R E R G
T i 8 A 10 H b 8 v e 4fi ik Bt v J5 0%
25 SR AR X375 K o 6 3L - A B A M TSR
ViRTAN N

HY AT DL A [ f R B 5 5 ik 75 IR R A U
BT EEREEK R B EmALEZRA B A
[F] ) A2 AL AR AIE 5 3 5 IR AR SR (2014) (R E S5 (2018)
FEWF 5T 1T 05 b 5 X A i SR P K A R SR B R
AL ARAE IS B 458 —5. 6 A 12 Hid 58 A
20 H 2 FEAR R 5 B A SR 1 S R% i B A A ALY
B ASACRRAE I8 BE R T A B s ik 2 HIL
AN T8] -5 BOX T i 2K B ) R BE AR5 7 6 H
REARRA 7 H 10 H b AR A R e B AR SIS e IR
IK s B G A Ry R DR SR A [ K T /D
U By AR T REAE FHOGT 3T fik & A7 B PR AN [ A 3R UK
T B AR AN ]

4.2 MHEEGZ

RRUBE RS I 5 R R B AR A % 3 XU 1
TE WA LA F) A 3R 8 25 1 MCS T 2 % 37 R 747 ik &
() 56 5 (FL LA 25, 2016) . AR 50K [ 98 4t 1 22 2% (L
JEEXUT] XD FRAE 43 B 200 X375 i e I i A 7K
1) MCS 1 A 58 fiih A& BIL I

& 9a rTLLE .6 A 12 H 20 B 2RI 7R B
T B2 35 i Ry 28 °C L PG A T 8 7K R R 2 ¥ S 1 I

Bk R R 24°C LR PG MR 22385 4 C . M 1 58
B 2 [v) a2 X% 8 A7 A 6T 7 o V0 Sy 74 i A
(B B I AR BB A AR K. R E R = 2k
MCS [/ 2 AR [8] i 2 7 Hh T8 4 A 28 I TE B J5 88 A
JER 2 113 K 5 ol T P G ER A MR AR A O
2k Sk R — B A TR A R /K R B T8 R (B3 5
B K8 R A AE X AR . 3K AT BB R A 0 b 1T 8 28
AR A AR 5 A R T b RURE 168 JE 1 2H 8RN A
Ji& GZ SR MCS 5 My T8 % i€ 26 3 A0 B 5. [ B
1B i L B i DO A R A A DRl NP D e = 1
K.

7R 6 H7EWER 1R B A AR PG OE 1 ) K
JZ AR 2 13 A )P B A 2 R 9 TR % R . 0235
DU X 2R 7 BB A LT 46 S S8 (& 9b) | b T 4
B SR AV 1 B Lk B DX M T X — 0, DA b T L
Yok iU X A F 25°C /) 48 1T v XN R
S 28°C By R T DX B A R AR IR AR i S R T
AL R, 40 min Z )5 . 2R 2 B s AR dE—
P4 2 [0 B i 6T 3t 1m0 3 e B G ) AR e A A 5 2
P ¥ L 5 R T o R AR () S 2R = [ b R
W A7 3 HICHR R AR [T e 2 [l g A T A2 L AR K
R 8] B 2 P B3 K e A I A 2 I i 3 K1 e AR D
Bl s B — YR B K DA (B X IO BT 1) B = X et 8 . iR
et N i A K ik e 5 e T AR S TR A 6L JF L
M o RUBE R ARR S8 & A R e 1 %0 i MCS &
A T S ) AR T ARG 4 L

8 H 10 H & 8 & A 7 b 17 4% X B X, ML 002 20
TR B S vT LA B DU R 28 °C (] 9e) , A XS
Jil W R 4 °C L M T B ) R S BUR b T TR 2
IV b TG P RRE R A AR e A I 32 R (g TR AE
£5,2016) . XA R) 4G By Beal ol pa ] il TS R A
FEHIO UL A S AR e, T 0 I o 0 X KUK JE A AR T
] 75 7 [0 3 % J b Iy 22 g s o 3 A b 1 R b
FEI R = 3 BT A M T A A 4R 40l Ol I I
AN N Qi A W S i = [ 2 T R W O
SRR 3k SR 1 D 2 T A0 5 S IR DU AR 2 AT [m]
U 38 Wt 155 3 55 A 000 1) 2 A% K 14 TATAR: 0 8 AR 38 15 T
R o ) Ml T 4 A 20k ) — B0 s i ROE S 6 R 50
M R HE R SR Al T Hr /N ROBE XTI &R G 1 R AR R e
DNTITF5 A 1 DL H T i) 6 B 5 e 7K R s

8 H 20 H 14 i}, i Hb X A P &b X g & Jg : —
S AT DR HB 5 1] AU 28 (1 55 T 2 RO% It A 1)
Atk R o — A AL F BB PG 5 PR I B A 1) AR



644 A

% 548 %

31.0°N+

30.5

30.0 A

31.0°N~

30.5

30.0

‘ 3
114.0 114.5

31.0° N+

30.5

30.0

31.0° N+

30.5

30.0 -

T
114.0 114.5

B9 2020 4 (a)6 J] 12 H 20:00,(b)7 J 6 H 02:35,(c)8 J 10 H 00:20,
(8 H 20 H 14:25 BRI KA i1 b X Hh i FH 3l X3
CIEMEZ V35 LA BT RIB L b T 4R 5 20
Fig. 9 Wind field of ground automatic stations in Wuhan and surrounding areas at
(a) 20:00 BT 12 June, (b) 02:35 BT 6 July, (¢) 00:20 BT 10 August,
and (d) 14:25 BT 20 August 2020

(blue dotted line: cold tongue, red dotted line: warm tongue, black dotted line: ground convergence line)

Fosl o MHL TR LN R A o X 37 5 B N7 2R 3 T
FRA 2 (B 9d) - 74 B o P e —ZR b 1wl s 37 T 74 B B
RO I g T 5 08 3L P4 BEZ 1] 3 AR B AR 1] o7
TR AR AR AR B iy . Bl SR 1 S R A
A K P R HOAR 1019 I 70 L KUY 22 Jge , 74 B T R S
M5 VG HR o P RO U K e O e —
Je ey R i - B IS 5 G E 8 S T X IR PG B RS
I I T B B 2R X » 35 B XA )
IR B K . A DA IET HR AT LR M P B R A T
IR BB B RAE X Y 18 IR A R 25 X AP IC B A 5
WOk g 0 U B SR B IR X

P AT L st AR R R G T MCS B i %
ML A BB e R R A R R T AR T
MCS #3848 16 I 18] b3 5 H A — 2 B9 32 A
I o L P I AT O M 55 R S T T A 4R T
DX 26 3l T R ORLRE AR G 4 A B A L X T BUA MCS
(19 finh %z L 2 SO 25 1) 3 A 2 B AR A7 I 98 78 T8 L

5 i e

ASCH ML X B 3 R B E /N iR
5 min FEKGEREHSWAN $2 4k 1 K T iffe d A 41 &



%5

R DU X 4 YR BT 28 S5 I 3 B3 K 0 3L XU 2 4R AIE 20 A7 645

KR A T B K 77 B NCEP/FNL 43 #r % K
X L HI DX A YA 3T 2 28 8 B 5 68 7K X6 3t IR R AE
AT M. R

(D4 W PR =30 mm « h™' fuh S 25
A3 7E B DCHE DX H | R BB L R 5 K 4E R R 1 7
2~3 h, i@ FEKE B 2 AR ] B R AT )G

(2) WA T ASFae s a8 £ B k.4 WG R R
Y AL By 1) A W R 0 2 R R A A R OE TR
. AR R S i AN R 6 3 R AIE B2 938 1
SR AM R REEIR . HRERMN R A TR
B MERE K T fik & TS ZRER X MCS; &R 84
RTS8, b 1
X R K . 24 RO SE I & 8 4 XV X R e tE R
K 22 A B ) R R K B DX B A I AR 1 A
G175 B R B K SE A PR R X O s WEIE R R T
RARHEMEE S (0 = G = 8 10 2 5% DL Gl Hh i 2
T 5 30 R M A T 25 R L B kT B RO I T
3.

(3) PO 3 X2 Bk (] 3 SRR A A B K R AE R
A YWARTT OB RE 4090 0 1R TS gtk b RO
YT ARGE 1 RHER IR 2 IRA R G I, TSk
FEIN 2R = B K Il i R B E R X R 2 5 . B
TR, 3 R ) B R B K LN L 22 ) 2 AR B E
PEREK s R IE 2R R B HIRGE M REEZ R =
R WAskd 2 S AN R (6 R iE S D I 1 3 2 o |
R s B — B B B K 34 5 R 508 2B X U R AR & 4 R
DU R R I 2 T AR A B K 5 R R R K
SRR AR AL ZUA 20 W Ak 5 22 A 4y ) TR 3 AH
A IR B A IF B R R B K B kA A
F 51 ] 30 T 25 A 1) 52 W 255 88 7K1 i B R 252 1)
&),

(DOARRPFEE = ML IFERMALEST.,
o N 5 o K AR I S b T 5 B R R [ A A
fEFHIE. 6 7 12 Hid 5 8 A 20 H i B # 0& = B
LU R SR AT T H A A L B AR AR AE L 1B
BE VR B S s R fh e B S RS B0OR T
TR By )[R A R[] 7 6 Had B A7 A 10 H
I PR A A A s e A 2% R T B T R OK R B R AR
TRLAN IR S FE R 7K AT S /0N I 38 8l 5 (HL 45 T R AIE
TG 00 fioh 2 57 B8 1) AN [) 5 BB /K IR AR AR AR T

(5) i RUBE R e xF F MCS | fil & 4L 21 &
A EEER BN E AR BRI T T MCS
143 A5 AE N () 13 R A — o i B AT . 4 R AR
Y M R A R S R A A I 3 T 55

HR L SR T A L R DX S T R R R GE Y
AR 6 A MCS 1 fil & 2412018 25 1 38 A8
FHAMREF R X,

S %k

HHLEE RO BB AR, 45,2020, 2018 4 7 A 1517 H b 4R 3 R
e A ek 7 = 2 X U X % HL iR M K AR AE 2R AT LT L U5 46 (T
885-897. Cao Y C,Zheng Y G,Sheng J.et al,2020. Characteris-
tics of three types of convective storms during the Beijing ex-
treme precipitation event in 15—17 July 2018[J]. Meteor Mon,
46(7):885-897(in Chinese).

BEPRAE 2011 WAL A KA T 0F - & W B [ M. b5t U4 R
#:222. Cui J X, 2011. Handbook of Atmospheric Forecast in
Hubei Province— Rainstorm Forecast[ M ]. Beijing: China Mete-
orological Press:222(in Chinese).

BUly, B SOy, AR . 58 2014, J B SR B KCRFAE 48 3T B I BT T
[17. K% .40(10):1194-1206. Duan H,Xia W M,Su X L.et al,
2014. Features statistics and warning of flash heavy rains[J].
Meteor Mon,40(10) :1194-1206 (in Chinese).

HEAE W BIE AR L 55 . 2012, S I 5 R UK 19 22 RUBE 43 AT K I S T
)], K4 .38(8):903-912. Hao Y. Yao Y Q. Zheng Y Y,
et al,2012. Multi scale analysis and nowcasting of short time
heavy rainfall[J]. Meteor Mon,38(8):903-912(in Chinese).

FLRUM S B0 PRI » A5 TL 3, 2016, 2013 4E 7 7 3Erfky K2 WA RE
FGRRE R R 8 S 3T L), /<4, 42(5) :578-588. Kong F C,
Zhao Q H,LiJ B,2016. Diagnostic analysis of mesoscale system
and environmental conditions during Hebei severe rainstorm
[J]. Meteor Mon,42(5) :578-588(in Chinese).

X bR 3, X B KR, 45, 2001a. A/ TR 4T T I O B K R S4BT
(=) — W RGN ARFE LT ] & (3):6-10. Liu A
M,Lin Y,Liu Z J.et al,2001a. The analysis of the ultra-short
strong precipitation during the rainfall season ( T )—climate
characteristics affecting the system[]J]. ] Fujian Meteor, (3) ;6-
10(in Chinese).

X1 Mg bk B X 3G 3L 25, 2001 b, R/ TRIY AE B I 5 R K K S B
() —REH K SR ] il T4, (- 1-4. Liu
A M,Lin Y,Liu Z J,et al,2001b. The analysis of the ultra-short
strong precipitation during the rainfall season( [ )—conceptual
model of wickspread precipitation[ J]. ] Fujian Meteor, (4):1-4
(in Chinese).

B L2013, BRI I B TR A3 T B WU FSE LD 20 22 MK
#.Mao Y W, 2013. The analysis and forecasting research of
short-duration rainstorm in Wuhan[ D]. Lanzhou: Lanzhou Uni-
versity (in Chinese).

IR, E SO . Ty e L 4L 2014, 2012 4TV LA DY 2 JR ISR K
FRAE S ]. R4 BE2 . 34(6) . 700-708. Su L M, Xia W M, Ma
Z Y, et al, 2014. Characteristics of four types of short-term
strong precipitation in Yichun of Jiangxi Province in 2012[]J]. ]
Meteor Sci,34(6):700-708(in Chinese).

INARFS B T, 45,2015, 3T 10 4F b 5t s X 4 3t 2 9 5 1 1) S AR
FRAEL)D. R4 %41, 73(4) :609-623. Sun | S, Lei L, Yu B, et al,

2015. The fundamental features of the extreme severe rain



646 A

% 548 %

events in the recent 10 years in the Beijing Area[ ]]. Acta Mete-
or Sin,73(4):609-623(in Chinese).

AT 2 FB K O s 3k 5 4 45 2017, 38 =] o 75 B S () 4531 e g 3 B /K R
SRR B O A REAE LT ], B TR L 36(6) :518-526. Tian
F Y,Zheng Y G, Zhang T, et al,2017. Characteristics of envi-
ronmental parameters for multi-intensity short-duration heavy
rainfalls over East China [ J]. Torr Rain Dis,36(6):518-526(in
Chinese).

EFRIREE L R, 52019, W) 6 4 AR o 4 B 5 K MCS 28 T )%
FRAE AP HTLD]. K4 45(7) :931-944. Wang |, Zhang ] G, Wu T,
et al,2019. MCS Classification and characteristic analyses of ex-
treme short time severe rainfall in Hubei Province[ J]. Meteor
Mon,45(7) :931-944 (in Chinese).

TR B2, XA L 58 L2004. 5. 267 H i Ry 5 6 I R Sl B
g Wi ). B % . 23(6) :815-820. Wang X W, Tao J H.
Liu Z G, et al,2004. Synthetical analysis of a local severe con-
vection weather process in Gansu[ J]. Plateau Meteor, 23 (6) ;
815-820(in Chinese).

R B a2, 55, 2012, B AR O TR BT e 5 M AR e
TR B8 6H G R R IR BE S X L AR SR L) ], L%, 38(12) 1 1473
1481. Wang Y.Zheng Y Y,Zhang X M,et al,2012. The contras-
tive research on environmental conditions for tornadic and non-
tornadic severe convective weather under ahead of trough pat-
tern during summer in Anhui Province[ ] ]. Meteor Mon, 38
(12):1473-1481(in Chinese).

BAIA BT, Fh5E . 2013, 2010—2012 4230 g 44 5T Th I 7 & 0 B 5
Wit 7 114 T S B PR e gy A D i s N7 [0 ). 3 g L 2, 31(3) 1 365-
369. Wei H J, Zhao L, Sun Y, 2013. The causes analysis of
short-duration strong precipitation and physical model establish-
ment in Zhumadian City, Henan Province from 2010 to 2012
[J]. Henan Sci,31(3):365-369(in Chinese).

FEL IR A 2011, WAL o RO 2 KA AT R AR LML dE e
4 i RHE 0390, Wu C H, Long L M.2011. Atlas of Mesoscale
Rainstorm Atmospheric Analysis in Hubei Province[ M ], Bei-
jing-China Meteorological Press:390(in Chinese).

RFRLL, EWEFY, 2013, WIALAS th ROE R W2 W wF 5 LM, b st
ﬁ%'ﬁﬂﬁﬁﬂ; :202. Wu C H,Wang X L,2013. Diagnostic Analysis
of Mesoscale Rainstorm in Hubei Province[ M ]. Beijing: China
Meleorological Press:202(in Chinese).

R BB T, 2018 R B IS IRIE K RAARBARERAE
PEAFAELT ], 4. 44(7) :902-910. Wu J,Li C, Yu B, et al,2018.
Study on the variation characteristics of meteorological elements
in the boundary layer of two types of short time heavy rainfall
[J]. Meteor Mon,44(7):902-910(in Chinese).

VB NI L VR AR A 5 45, 2014, o [ o 2R 90 3 0 I R AU R TR
HorJMBEAR B R WA AFAEL] ] AR, 40(4):400-411. Xu A
H,Sun J S,Xu D B,et al,2014. Basic synoptic situation classifi-
cation and element character of severe convection in ChinalJ].
Meteor Mon,40(4) :400-411(in Chinese).

VEBTH S A X0 5657 5 45,2010, 2006 4F Bk P P 10 38 X I K K 5

Ryt e L) ], & AR 42 .29(2) :447-460. Xu X T, Wang N,
Liu R F,et al,2010. Comparative analyses on two severe convec-
tive hailstorm weather processes in Shaanxi Province in 2006
[J]. Plateau Meteor,29(2) :447-460(in Chinese).

W, INAR A B IR, 45, 2016, b 50l X 1 5 R KO AR 1 2 ROBE 3
AR AEL]]. R G54, 74(6) :919-934. Yang B, Sun J S, Mao X,
et al,2016. Multi-scale characteristics of atmospheric circulation
related to short-time strong rainfall events in Beijing[ ]J]. Acta
Meteor Sin,74(6):919-934(in Chinese).

G5 L R INBE R L 5F 2018, %7 « 207 R BRI T 2 RERCE 5
MyCS R JEI KR LI R4 . 44(7):869-881. Yi X Y, Chen H,
Sun X L, et al, 2018. Multi scale configuration of the 20 July
2016 cyclone induced severe torrential rain and its relationship
with the development of MyCS[]J]. Meteor Mon,44(7) :869-881
(in Chinese).

WAL S KB LML %8 L 45, 2016, JR) i K % R 1 BIL B A5 ep ROBE 43
BiTJ7]. 4% .42(6) :686-695. Yu Q H.Zheng S L. Wu Z. et al.
2016. The forming mechanism and mesoscale analysis of local
heavy rainfall[J]. Meteor Mon,42(6) :686-695(in Chinese).

AT/, 2012, 2012 4R 7 H 21 H AL st R B MR E 3T L], A%
38(11):1313-1329. Yu X D, 2012. Investigation of Beijing ex-
treme flooding event on 21 July 2012[J]. Meteor Mon,38(11):
1313-1329(in Chinese).

T /1N + 2013, S5 558 e A I BT 94 10 8L g 5 O i L0 ). BRI O L 32
(3):202-209. Yu X D, 2013. Nowcasting thinking and method of
flash heavy rain[ J]. Torr Rain Dis,32(3) :202-209(in Chinese).

R E, TEE, RV 55,2018, KU i b K AR i R K FERIRS
KA. B2 % %, 37(1) : 14-23. Zhang J] G, Wang J. Wu
T,et al,2018. Weather system types of extreme precipitation in
the middle reaches of the Yangtze River[ ]J]. Torr Rain Dis, 37
(1) :14-23(in Chinese).

AT T R SCAIL 45,2012, 2011 4F 4 A 17 BT RSN R T
B PTLT]. K4 ,38(7) :814-818. Zhang T,Fang C,Zhu W J, et
al,2012. Analysis of the 17 April 2011 severe convective weath-
er in Guangdong[J]. Meteor Mon,38(7) :814-818(in Chinese).

KK I B AHLEE S 6T /N 0, 2017, 5806 I8 R A< TR 1 — S B A i) Rt [ .
K% ,43(6):641-652. Zheng Y G, Tao Z Y, Yu X D,2017. Some
essential issues of severe convective weather forecasting[ ] |. Me-
teor Mon,43(6) :641-652(in Chinese).

Rl R RR AL AE L 201 1. N [ 28 T OR RUBE BRI T BN 3RO R R
IR e B I ST TR U A SR, R4 . 37(7) : 795-801. Zheng Y
Y,Yao C, Hao Y, et al,2011. The short time forecasting and
early warning reasearch on severe convective weather under dif-
ferent types of large scale circulation background[ J]. Meteor
Mon, 37(7) :795-801(in Chinese).

Lemon L R, 1977. New severe thunderstorm radar identification
techniques and warning criteria: a preliminary report[ R]. NO-
AA technical memorandum NWS NSSFC. Washington: NOAA .
60.

(R3CTE 40 - £ 130



