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Abstract: Convection Initiation (CI) is an critical precursor to severe convective weather, and its accurate identification are of great
significance for severe convective weather early warning. Using high spatiotemporal resolution radar composite reflectivity mosaic data
and surface automatic weather station precipitation data from Hubei Province during 2020-2024, this study applied an improved high-
resolution grid-based objective CI identification algorithm to construct a CI dataset. The spatiotemporal distribution characteristics of CI
and their relationship with topography were subsequently analyzed. The results are as follows. (1) A total of 107,322 CI number were
identified in Hubei Province from 2020 to 2024, corresponding to an average of 59 events per day and a CI-day occurrence frequency of
73%. Both the daily mean CI number and the frequency of CI days were highest in 2020 and lowest in 2022. Seasonally, CI was most
active in summer, followed by autumn and spring, and least active in winter. (2) The monthly variation of CI exhibited a bimodal pattern,
with the primary peak observed in June—July, corresponding to the Meiyu season, and a secondary peak noted in October—November,
associated with seasonal transition, cold-warm air convergence, and the influence of tropical systems such as typhoons. (3) The diurnal
variation of CI was characterized by a single or dominant peak from afternoon to evening, with a secondary peak identified in the late

night during summer. Except in autumn, daytime CI occurrences were generally higher than those at night. (4) The distribution of CI was
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found to be uneven and significantly influenced by underlying surfaces. High-frequency areas were concentrated mainly in the

mountainous regions of southwestern Hubei, particularly along the Enshi-Yichang border. Other relatively active areas included the Mufu

Mountains in southeastern Hubei, the Dabie Mountains in northeastern Hubei, mountainous regions in northwestern Hubei, and areas

surrounding large lakes and reservoirs. In contrast, the central plains and basins exhibited relatively lower CI frequencies. These findings

provide a preliminary understanding of the occurrence and evolution characteristics of CI in Hubei Province and offer a scientific basis for

the development of a localized CI forecasting model. Such models can improve the early detection and warning of severe convective

weather, thereby enhancing meteorological disaster preparedness and mitigation efforts.
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Fig. 1 Topographic elevation map (color shading) of Hubei Province
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Fig. 2 Schematic diagram of the objective CI identification process

CI ik 4% SO OCAF B, I b & v 3K T 35 dBz
& 05 2 J5 30 min (1) CL AR (5 B, GG LIz s kb
L, 31x31 ¥ S G H N, CR KT 35 dBz. 45 dBz [194%
RSB CRAFH L CR i RAESE, Tt —2 Hlr CI
)R AR B A

1.3.2 CI 448 4%

Sy AR CURS o5 3R 531 6 At 1, ) 328 /0N 1) 3
T 1 305 L0 s R K B, X CLA% i T it — 2
YOI, 13 8 B AR CIAR o5, X BEAS CLME &, 27 H 2k
2 0.05°9 [l N A A5 SN 3 /0N B K o R T S5 F
0.5 mm, M|iZ CLA% & T LA B3 5 25 T0 i 2 2514 H
Sk REAGE %, MPKR % CT A& S 5IBR . IbAb, &F X CI
B S I B, TN TR, HEE R AR
i Jo v () L, RS BR P AS A B CIAS 05 . 40 I
R AR, AR A0 XS N LR B A A% S 8
JE AR TR AR 11.7%,

SR PFAL CT & TR 31 5 ik 1 2 30, FEATL il B 43l
AT N TARERRAE, & 3 R 2024 45 8 H 23 HAMI)
A AR ERDHE, LT CLE IR K % 5
BRI, FEZ A, 26 0 AMAF (11:42) FERE BT
A RS EALT 15 dBz, H 30 km 36 [ P JC o
1 (K 3a); 280 4 MARHE R R R, 2 12:06 B 5
JE % 35 dBz LA b (8] 3b), I 4 S 4 45 Wi R
(B 3¢)o Z54 13 HFZ A7 0.05°7 [l P4 sty A5 00 0 )
2.4 mm PFEIK, ZEAHIE 12:06 Sk CL H BRETE]

A SCRE A 5T X8R K 43R 0.05°%0.05°F B 4%, [R]
— PR AE Rl —PIA% N 3 DL CTA% AT, e —iK
CI, 2020—2024 4 b4 X 3 AL U5 3] CT 107 322
W, HEE) CLIRECH 59 Ik, C1 H# 1335d, CI HAL
i bR 73%.

2 Cl B85 F $51iE

ASLAIHT 2020—2024 4F ) AL 44 4 4F F U 2 CI
B 25 A3 A R AR, £ EET X CTIR B, H 38 CTREL .
CI HE .
2.1 EFRMEFEN
2.1.1 B-F¥ Cl AKWGFFH 5N T

& 4a Sl HEH) CTIR A AEPRAE 1L F 2275 A8 4k
ZRA, Forh, IR S A% AE 4 2 1Y H A CLIk
oA, LOr R IE SRR 454F HAF 3 CHLIRER, £l
FER B H 7R 4271 HAEY CLIRE. H A CLikEL
FAEAR LS CTIR B AR AR fb #a S8 S AR — 2L, #5528
2020 4 A e K, 2020 4EF 3B H CLIRELE 70 Ik, /&
2020—2024 4 C1 i 2 B4Ry, 2020 415104 [
Fuli S YA [ K BoEA 1 707.5 mm, R AE R £
4 1, A& 1961 AE LIRSS —1{37; 2022 4F P34 H CI kAL



558 T

31.7°N

(@

31.6 a

315

31.5
111.3 111.4 111.5°E 111.3

31.5
111.5°E 111.3 111.4 111.5°E

Pl 3 LA PR 2024 4F 8 J 23 H 11:42 (a), 12:06 (b). 12:12 (c) 415 S SRTE DI (LR Py CT X, S R R Y /s
AR =0.5 mm X3, 505K 13:00 /N &, S07: mm)
Fig. 3 Composite reflectivity radar mosaics in Baokang in HuBei province at (a) 11:42 BT, (b) 12:06 BT, and (c) 12:12 BT on 23 August 2024 (The red

circles mark the areas of CI, and the black circles denote the areas with hourly precipitation =0.5 mm, the numbers represent hourly rainfall
at 13:00 BT,unit: mm)

& 80
%% 60
: 40[ Ii:l IEEI %5 | IEEI IEEI
§§ 20
@
2
i

2020 2021 2022 2023
DR EES[eed

2024 20 50 80

2020 2021 2022 2023
DY H s

2024 0.3 0.6 0.9

P 4 2020—2024 4FIEA HAFH CLUCEL (a). CT HELS HE (b) MAEPRASALAIZ AR (R LR G 1 R B4R RS 1 (E, B HEIRIE]
AR, A IUAEAR B 3 215 fE)

Fig. 4 Comprehensive diagram of interannual and seasonal variations of (a) daily mean CI number and (b) percentage of CI days in Hubei Province from

2020 to 2024 (The heat map presents the values for each season of each year, with the bar chart above showing the annual values and the bar chart

on the right side showing the seasonal values)

/D, M 45 R, 5 2022 AR AL A B R RKGE B4R S
S B 7 b B s 2R E AT WA, 2022 AE WAL A E R 3
PJAF K B 984.8 mm, #H AF [ W fw /D 2 A%, J2:
1961 4 ISR BB 707 . 1528405 BT, 2020—
2024 4% H V-3 CLIRE = N Z 2] /RCH E
. F L&, BEEHYY CLIRECH 801k, &2 H 37
Wo ARIEHE AT UL, 2020 4F 5 2= ffk 2= HFH CT Ik
B LA B A TR A A, 3k 90 WA L, JEH: 2020
AR 7R H IR 116 ¥k, X AR 10 4 2 2= K
2 7, 91 1961 4E LIRSS —fr, AMER. i, i
PR B I S5 — (M 35 5%, 2020); 2022 AR H P8
CI e/, A2 40 IR,
2.12Cl B £ L ag FFrfe 23 AL

& 4b & CI H % b B r9 A bR A2 A0 Fn 2215 AR fh 25
E B, MAEZSE KT, 2020—2024 4F H 5% 5 g 4R A8

LK, ¥IFE 0.68~0.79 Ju [l A, Hirp 2020 47 H
FOAR B 5, 2023 4RI 2, 2022 4 dx /b . MAJE] 4b Z2Y
TR, FE L B AT CLHELS il
0.80. 0.90, 0.69 1 0.53, B 2 CI H 7 bbby, &2
CI H U AR, 2020 4F | 2021 4F | 2023 4F H %=
CI H5 Eb¥ @ik 0.90 K& LA I, JLH: 2020 4F 5 HAE
ik 1.0, YA R 2 /DK A —IR C1; 2024 87 CL H
BOh A H] 0.86. #AEAZE, 2021 4R A 2022 4ERK
7% CL H & FEAR R ARG, 7 leE T 0.65, Horp
2021 4EAZ CI H G LR .
22 BT

& 5 & 2020—2024 44t CL k% H 28 4k
A, hEHZEA CIRBErL KT W, 6—7 H
CT UEH BRIGAA, 5 4 I 2R [B] BE AR, 6 H CT A
W22, 31k 14 271 ¥ 10—11 H Jy 55 00, ik B Ky



5 4 191 VB A A, 25 WAL A KT A I 2 A AR B 5 0T 3 R 559
WAL 7 R, MR 2 R, HLA RIE R, A R 5 18 000 Py

T B B2 KIS (MBS, 2015), 45 B T CL7= ks e s A RS "

iU\é‘é CI Ykiﬁlﬁﬂﬁ?ﬁé’/’\, 12 H CI W\%ﬁﬂai//l\o U\ = 2020 40 1605 90 1162 101 EREEEERY L PETRERT <. | [ 4 000
I I, 2020 4F 6 H A1 7 H C1 R % i B, CI Ik 2021 |us FEPRERTRN o PR o, o o w3 000 B
SO 4300 WL R 1A LR Bk, € ol - B - - o - 2
£ 3 000 ¥k L | ;5 2021 48 8 H . 2023 4F 5—6 A Al BN m

9 19 F CIRBHITE 2 800 WK L I, CLER ik IF s0rs I I PO 7'

A ides C1 A A2 RIE(EAE 6—7 A, B KA
BAE 7 H 258, 5254 (2023) F1 Li 5 (2021) 1945

i/l’:%zl‘(—ﬁo

23 BT
6 A 2020—2024 4L G 4 BT IS S
I CT B H 284k, I8 T X IR CT %R H

AR Ak S, o 08 B

20 B S R, 20 B

08 B 7]

l 6a JyARZE C1 UKL HARLE, v] 0L CT YRECH 48
2 sl B e, WEAE Y BAE 18—20 B, 19 Kt
2, AR CLIREGEA LIt i a4 IR,

K H

1234567 89101112
Ay

52020—2024 LA B AR GAED) FH S TR IED)

CIL U H A 23

Fig. 5 Comprehensive diagram showing the monthly variation of annual

(heatmap) and daily average (line chart) of CI number in

Hubei Province from 2020 to 2024

Je B G5 IE I SFAE 0~0.2 ZI7], 20 B CT YR -
B8/, 22 RSP S T, ik CTIRELAE 01 s
MCLE SRR, HR CLRELE N 52.9%, 7216
CILUHLE R 47.1%, CLUCE R 2 TR . N

0.4 0.4
(a) 1K 52.9% —E 2200} (b) 1R 55.1% — Y
1400 IR 47.1% RG] g'z B2IE] 44.9% B g';
) o1 | BT fou
X 1200F . 0' ISH 0' o
1 w2 1600f el
tay \/ {01 / \/'—O-fﬁ
= 1000} , =
170.2 1300 1702
1-03 1-0.3
800 b o L DL L RLR L LR 0.4 1000 b e 0.4
00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12 14 16 18 20 22
dtmmf dtatt
T 0.4
L (© FIK 49.3% Tt ]03 900 f (d 52.2% — B '
1300 A 50.7% rEL) - @ %iﬂi 47.8% - s 103
7 02 070 ] 0 2
& log & soof :
= 1200} |1\ Ty X 2 101
g —/ 0 & T 0} W 0 E
2 1-01 & \/J 1 01
1100 | o, m :
' 600 1-0.2
1703 1-03
11000 ok s b soo MENEBNENNNN NN NN 04
L 00 02 04 06 08 10 12 14 16 18 20 22
E[a73} Jesent
T b
5400 (© IR 52.6% e
IR 47.4% TR 8;
g 5000y /\‘\/\ fo1
o 0o I
oy 4600 - =
1-0.1
m
4200 1702
1-0.3
3800 -
00 02 04 06 08 10 12 14 16 18 20 22
dtnit
Pl 6 2020—2024 4FIILE E T (a). B (b). BT (o). &7 (d). 24 () CLIEULIE-H A8k (72 b A BT 3278 1 R R )
CT KA 1)

Fig. 6 Diurnal variation of CI number and anomaly for (a) spring, (b) summer, (c¢) autumn, (d) winter, and (e¢) annual cumulative in Hubei Province from

2020 to 2024 (The legend in the upper-left corner indicates the proportion of daytime to nighttime CI events)



560

% 45 %

7 CLIKEL B AR L E 6b 1] UL, CI kL H AR fb 2 — i
— 55U S, Horh R R A AR 13—16 B, IRIG R4
£ 01—05 B, Fe K CLIRECLATE 14 1], F/)y CLIREL
HRILTE 09 b5 BEF M ZeIRIRECK, )5 265 CI kAL
Bl 22, 15 BRSPS 0.3; R AR R CT Ik
b HRFR, R G 55.1%, & 0E] 5 44.9%, CI Ik
B RLZ TR, #E CLREH 2K (& 6c) i
7, CLUEL H AR S <2 i A, 02 I, 07 I, 13—
14 B CTUREAEX A, 12 I FD 21 B B B4R IX,
RO BUAE 12 B P RIS ALK, i
it BERESE 4 7E-0.1~0.1 Z [i]; K CTIREL & e 5%
6] CY B HeAHUT . 18 6d 4ZE CI Y%L H 284k IA,
CIUEL H AR AL LA« = 12544 Sk 3, FEZAE P IE 00—
01 Bf | 12—14 I A1 19—20 B, 43 51 % 7 5 5 6k
0.1, 0.2, 0.15 Z& 45, 14 I} CI Y8R & ; CLUREFEAE
AKX, 2351 02—03 B F1 05—07 B, 07 B CI AL
e f AR R A ] CT B e, Bl B> F A
Ko 4ia CLUEAAEH AL (B 6e) 7] UL, 441 H AR
b 55 75 B ARG RRIE A AR, AR S R — iR — 55 XL
W2, (R FEE R IR /N T 2 . CLIRB B i B AE

@ : R
33°N | 1523 350
110~19: 790
W 20~29: 45
W 30~49: 37
M 50~69: 13
o =70: 14
31
29
109 111 113 115°E
. R
33°N © 15313310
110~19:'844)
™ 20~29: 68
i 30~49: 41
W 50~69: 14
W =70: 26
31
29

109 111 113 115°E

13—16 B, WE{E N 14 BF, AR CLREZ TR, F
FEEREA (2023) FF TR TORMIF T R LAY <4
X CTAE 13—14 B AR EEAE, H B AR fbih 4 2
559 O XU A A R AE B 25 S R AR —

2 BTIR, £ ZE 1M AAE CL R iy R BERT B4R
HAE T A B B, B 2R S P ROE AR 5 — AN
X e R CT IR BT M CT R A% o, BBk 2=
Ah, AAE B AL = AN R CLIRBB £ T
MG, Horp, AR R CLIREL & e fess, 15 55.1%.

3 Cl Z[E 9 T4F1E

XPRIFGE DX Sl 42 BB 25 [1] 43 3R 0.05° x 0.05°40] 43+ I
e, 23t 18 900 /N M A%, Geit-HEA~ W% N &4 CLIK
B AT XN 25 CTUEIX TR] % 7 1Y) s 4, 7 45
s Rl AR . ARAE £ 2= AR Bt CLIREU
A1 (B 7) AT, CL A2 (8] 23 A7 B SR Y, 4% 225 A
TE2E 5 o
3.1 ClRE= B 5

FZHILE CLIESN (K 7a) X (CT kA=
50 W) F= B T RBUIE AR HORN LB U AR A Ll M, DR B

(b) R0
33°N b 15%/268
£110~19: 1727
I 20~ 130
W 30~49: 58
W 50~69: 18
| =70:15
31 !
A%
70
29t . < 50
109 111 113 115°E 30
20
@ i EFET
33°N t 15513 %66 10
L1 10~195 Zgl
i ite 3
31
29

109 111 113 115°E

o)
33°N i

31

29

Tk K4

109 111

113 115°E

&l 720202024 “EMIALEETE (a). HZF (b). BZE (¢). &7 (d). BT () C1URE=S [H] 5345 (& (RIS ECHE A PA% CT E il
A% 5550

Fig. 7 Spatial distribution of CI number for (a) spring, (b) summer, (c¢) autumn, (d) winter, and (e) the cumulative total in Hubei Province from 2020 to 2024

(The number of grids refers to the number of points within the range of CI occurrences for a single grid)



5 4 1]

WA AL, A5 WAL XA A I 25 S A R B M O &R 561

AT 5 R T T A A Y T B K R RS KK PR B IO
B AALIX (CTIRE =20 ¥0) A T RUGPEER . +-HEp b
S FIE T VPE R AR L X, DL A KR, AL R
Hby CI I ST X A4 A CTIRBGE L P i 75 1Y
W& EOR T, 95% B MAS N CLE/INT 10 ¥, ARk
T 75 2 T AR v 1 L1 b FTI TFT K A R S 5 b R
Cl, HZ CIEMIX (B 7o) JWE P K, Cl1iGsh i B
Wz, U HARSRPG L X, S PP . AR i
HIUR S5 I A REAE 5 DAY 16 A SO T, AR o5
DX DA% H5 B S 3, A N CTEGE 3 10 IR DI
F14) PO A% BSOGT S D A% 55 ) o BT 10%, B 2= dE
CI G852 8 7% T HIMBZ I B 3, AR T 7K Rl 34
7722 5. 30T A RN SEAE T SR [RIA BT I B B
Cl BEIEIAIERWLE . Bk C1IREU AL (& 7c)
R ZEARR, A DXORN A R AR XA AR — B, 56
PUHLIX. CI i S TG BR, MR AR /e A& N CTIR
R HEBM AR/ . 42 CLIRE (K 7d) & 4R 5345 Al
Ll HAt = A =5 A X 34 5, 25 X325 S N, & FR
A CLIR B ik /D, WA Y CTECR T 10 YR A%
BOd b, A5 S RSB 0.22%:; CTARIK g &6 Tt
b X, & RARZEEFE, AH T X R R, S8
CI G BB ARIETS . /A AR X35, (A SRV R Ll b A

ZRE A IARLL CL I B AR XTI &, SRPE RS CLI&
BR IX A HL e = AN Z T 7 B 4R R RROE, L b I AR
B A s TR 3h, AN B KR R IR
1, AN T O AR 1 R o 0 5, W —1
@)

100 |

80 r

60

40}

SEHICTOR

20

0 L
0 1 000 2 000 3000
TR R /m

“ERIET, S CLERME T BRI IR S e i . 4>
AF Bt CLIR B R & (18] 7e) 7T UL, SR PG e AISF AR
HuIX CLVE Sh AR %, hif b X CITG sh kb . 5%
(2023) K Li 5§ (2021) I WF 58 AH He, A SCHAT B & 19
2 AR, HA5A T A HURS 40 s AR AF, SRS v b
Z\m T CLi& ) 925 AIRAIE

4 ClR¥BEEKRE ERA R M A5 7

HR AP35 CT R B BE W44 v B2 &1 (141 8a) T AL, -
] CLYREL (8 CUREL S N [R] T 3R IX ) A5 A5 500 L
{EL) S I VA 44 o R G v T 3 22, 7E 1 300 m IREAR LA
T AR AT F-RE, 1300~2 100 m 22 8] 2% 8h FTF, 78
2000 m VA I 2 b I AR RIHE A CLF 30 800t
FLIE (& 8b) w0, Ll CT 34 R i K, F IR ik
Ne BIRAHTRIBEEDIE T Li 5% (2021) B9 &3, B rp
B rP AR IX 8 CT £ kA T IlX .

AKRE, MALE CLIGhESE M ES TR
B YIAH O, WA Z2 5 7R SRV Ll M . SRR g 4%
Bl FP AR b K L BRI e B R AN TR A v A
X, Jt H A 5B 7Y R T AR B AS B i M X
CLIG S %, UL db 4 CLIE o 5 1 ik 55 Mo I (1)
BRI S ENAATE I R . Ak, KA
AR JA 2 CLA A IX, 3R Wi Bl XU R 3k
FEHKEE R 2 R 5 R I T IR 8, 5 H b
RO IR LR VE Y, 76 CLd A iy i 7 S (0,

BT CL A & AR
19.5

20 | (b)
SBFJ}? (<200 m) Ff&% (200~500 m) 1113 (=500 m)

14.8
14}
Hr 0.0
8 .
jilihj =SS

THCTUCEL

& 8 2020—2024 4FiIbA4 3 CT IR BBEEH R (a) FIHIFEZEAY (b) S

Fig. 8 Variation of the average CI numbers with (a) elevation and (b) terrain types in Hubei Province from 2020 to 2024

5 &SIt

AR SCHH 20202024 A0 DX 5 B 25 40
RE B G AT R DEEI GORE, L Sk i & i 25 4
R CLZ ML, 456 S Gl WL B K St
PEAT BT B s o, S T CUBR &, i T
2020—2024 A AL 4 CT Y B 28 0 A 4 AF B H 5 b

IR, A EILLT 2458

(1) 2020—2024 4= 4t 48 i 1 C1 L 107 322
W, H-H CLIR B 59 %k, CIH % ik 73%.
2020 4 HF-35 CURECR H 8 Hedsc 22, W AR R K
B0 W EZ ALY, N 1961 4 LISk —17, CLi%3h
ARE MIAE 2022 4F CLH Bt 2, ok iy i A0 42 8 18 AR
BGE R L5 A 8 D s e



562 R

*F LEERE

(2) CLi% 2 522 B W 25 1) < By &I 245 1k oy
fiE o 522 52 A T 8 M v ik v Y PR 45 2 [ 52 i, CT K
B2, FERZ, & FmD, EAZKE, 67 H
Xof o7 9 A AR RN 2 TR, & CT e R 3 BR A0 B B 10—
11 7 W BRI, AT RE U PR 23740 e 40 A () 98 B 25
SIS DL Bk 2 5 WM 7K R 6 R

(3) b4 CI H 22 fb SRR I h g 2 % K
IR EWERIE . AAE R A5 T IR T 2] 2 4R D
1E 13—16 B, b Ak, ZZEAER A (01—05 B) FEFEIR
W, FkZE M4 2 H AR &5 =05 K DL b 10 22 0% sh 4545
B 7 H AR B R, 71 o 48 A P d it o

(4) CL (25 [B) 4340 50048 V4 & AR K. — 1 26
L Hb I Mo = BEE W) G o SRVE RS LU X2 CT R dilIX,
JUHAE Bt 5 B B sg Ak, RIS ZR ke B 1L SRR
ARG SR VG AL 1L M BRI A CT 48 g 43 X, I ik
A6 T X 3 A A A OCEEAE FH o VDO D B b A
b D) Ry A AR X . R AR Canighif . K JE) Ji i
WAFAE CLES SR X, 7K i #8407 22 5175 & 19 Jm L 34
WX CLAU& BTk .

AT A PRRI TR ORI T8
b C1EPESE, /R THdbE C1 2 RER 2 ks
fE, VR4 T X & 23T CI fih & AL A9 BL 2400, Bip
AL A BE A S5 GRS LI AHUR . i
T A T 0 TR AR R AR, LAY S5 N E . SR
1M, e BEAE B2, — 7 T R 0RO 32 1 ke
P4, AP A BRI AEAE & X, R AR SRV 1l X 45 A4
B X B, S EBHEZE CLE S L A8 1 T %, 1%
i SEPR C1 &AM 55— J7 T, KA 8 Pf B 5cds
(FEJ2 CAPPL U TE A4 & by 2 B E 2 564 T,
] E R e B 2 i R, AT | & CLiRA], 5%
M) U B 5 LS . R, BT XA TR XS 2
CI fish % () B2 i K7, BRI SE M BARJE o JA 22
5K J s FF R W T T AR — B R AR R BIEA
SRR 2EITIE, 1R D AU RN 5 A BRI )R
TP E VL SR ZJ2 A H ERAS F340 15
RHER CL I35 N Y H i S8, 145 G Il s RE ¢
A5 X374 i s A 58 R T, 7E BE LAl T, nr 3
TURBE 2 2] 2 48, 330 FH T db 44 1 C1 Bild
PR P sl I R AR R B R RE 7, T R
T A Hl 588 X5 3 RS TR T KT

2% ik (References):

WS A S W W, 5. 2024 F5 U T A X S AR A R ) AR
SRR 7k B HL i 25 43 A FRAE[J]. 5 2% 41,82(3):275-288. Cao L
X, WuM W, Luo Y L, et al. 2024. An objective algorithm for identi-

fication of post-Meiyu convection initiation and its spatiotemporal
distribution over the urban agglomeration of Jiangsu and Shanghai [J].
Acta Meteorologica Sinica,82(3):275-288 (in Chinese). doi:10.
11676/qxxb2024.20230168

FEMRIN 2022 37 B0 11T A A AR U R B (0] IR B,
12(5):80—84. Cui L L. 2022. Prospect of convective initiation identi-
fication based on new generation geostationary meteorological satel-
lite [J]. Advances in Meteorological Science and Technology,12(5):
80—84 (in Chinese). doi:10.3969/j.issn.2095-1973.2022.05.011

H o 201455 TR KD RS RIS RHE U ,4(6):27-34.
Fang Z Y. 2014. The evolution of meteorological satellites and the in-
sight from it [J]. Advances in Meteorological Science and Technolo-
2y,4(6):27-34 (in Chinese). doi:10.3969/j.issn.2095—1973.2014.06.
003

SIS, TT 88 A A 20192 T8 18 -5 LA ARG AL i e X 9
TRV AT B4 B AR 3 SR [T]. b 3R 0F )i, 34(12):1273—1287. Huang
Y P,Li W B, Zhao Y C, et al. 2019. A review of radar- and satellite-
based observational studies and nowcasting techniques on convec-
tion initiation [J]. Advances in Earth Science,34(12):1273—1287 (in
Chinese). doi:10.11867/1.issn.1001-8166.2019.12.1273

25472023 5 TR 27 2] 550 AL I I T54R 7 I BIF 92 (D). e 5t g 5 1R
BT KA Li Y. 2023. Using deep learning for severe convective
nowcasting [D]. Nanjing: Nanjing University of Information Science
& Technology (in Chinese)

MIRE A8, TSR 452015, 2014 4RI JLIRBR O B8 T R i 72 43
Hr[0). 28Rl B 27 ,43(30):161-166. Liu C, Li D J, Ma D L, et al.
2015. Analysis of large range rainstorm weather process in late au-
tumn 2014 in Hubei Province [J]. Journal of Anhui Agricultural Sci-
ences,43(30):161-166 (in Chinese). doi:10.3969/j.issn.0517—6611.
2015.30.058

XIS AR 5K A7, 5. 2025 48 08 DXUBE 5 <P ST %  97) A B L)
I3 L 28 23 A RRAE[T]. TR AHY,53(5):681-690. Liu J L, Hu Z Q,
Zhang L, etal. 2025. An objective identification method and spa-
tiotemporal distribution characteristics of "isolated" convection initia-
tion during the warm season in North china Region [J]. Meteorologi-
cal Science and Technology,53(5):681—690 (in Chinese). doi:10.
19517/j.1671-6345.20250029

BT 7 o L2014 A Lk SR TR W00 A X0 3 AR S 0 g 0],
K%:,40(1):7-17. Qin D Y, Fang Z Y. 2014. Research progress of
geostationary satellite-based convective initiation [J]. Meteorological
Monthly,40(1):7—17 (in Chinese). doi:10.7519/i.issn,1000—0526.201
4.01.002

NIRRT AR AT ST B 55 2014 386 R AT 0 B A 3 5 AR Ty
e P E R R R BHRF ML R R TR 22, Sun T S,
Dai J H, He L F, et al. 2014. Fundamental Principles and Technical
Methods for Severe Convective Weather Forecasting: China Severe
Convective Weather Forecasting Handbook [M]. Beijing: Meteoro-
logical Press: 22 (in Chinese)

F ik R RRERT.2020. 2020 SFI-IE A R 57 R RPAE SRR S AT (0] 4%
RN ¢ %,39(6):571-577. Xiao Y, Du L M, Gao Y Q. 2020. Analysis


https://doi.org/10.11676/qxxb2024.20230168
https://doi.org/10.11676/qxxb2024.20230168
https://doi.org/10.11676/qxxb2024.20230168
https://doi.org/10.11676/qxxb2024.20230168
https://doi.org/10.3969/j.issn.2095-1973.2022.05.011
https://doi.org/10.3969/j.issn.2095-1973.2022.05.011
https://doi.org/10.3969/j.issn.2095-1973.2022.05.011
https://doi.org/10.3969/j.issn.2095-1973.2022.05.011
https://doi.org/10.3969/j.issn.2095-1973.2022.05.011
https://doi.org/10.3969/j.issn.2095-1973.2014.06.003
https://doi.org/10.3969/j.issn.2095-1973.2014.06.003
https://doi.org/10.3969/j.issn.2095-1973.2014.06.003
https://doi.org/10.3969/j.issn.2095-1973.2014.06.003
https://doi.org/10.3969/j.issn.2095-1973.2014.06.003
https://doi.org/10.3969/j.issn.2095-1973.2014.06.003
https://doi.org/10.3969/j.issn.2095-1973.2014.06.003
https://doi.org/10.3969/j.issn.2095-1973.2014.06.003
https://doi.org/10.11867/j.issn.1001-8166.2019.12.1273
https://doi.org/10.11867/j.issn.1001-8166.2019.12.1273
https://doi.org/10.11867/j.issn.1001-8166.2019.12.1273
https://doi.org/10.11867/j.issn.1001-8166.2019.12.1273
https://doi.org/10.11867/j.issn.1001-8166.2019.12.1273
https://doi.org/10.3969/j.issn.0517-6611.2015.30.058
https://doi.org/10.3969/j.issn.0517-6611.2015.30.058
https://doi.org/10.3969/j.issn.0517-6611.2015.30.058
https://doi.org/10.3969/j.issn.0517-6611.2015.30.058
https://doi.org/10.3969/j.issn.0517-6611.2015.30.058
https://doi.org/10.3969/j.issn.0517-6611.2015.30.058
https://doi.org/10.3969/j.issn.0517-6611.2015.30.058
https://doi.org/10.3969/j.issn.0517-6611.2015.30.058
https://doi.org/10.19517/j.1671-6345.20250029
https://doi.org/10.19517/j.1671-6345.20250029
https://doi.org/10.19517/j.1671-6345.20250029
https://doi.org/10.19517/j.1671-6345.20250029
https://doi.org/10.19517/j.1671-6345.20250029
https://doi.org/10.19517/j.1671-6345.20250029
https://doi.org/10.19517/j.1671-6345.20250029
https://doi.org/10.7519/i.issn,1000-0526.2014.01.002
https://doi.org/10.7519/i.issn,1000-0526.2014.01.002
https://doi.org/10.7519/i.issn,1000-0526.2014.01.002
https://doi.org/10.7519/i.issn,1000-0526.2014.01.002
https://doi.org/10.7519/i.issn,1000-0526.2014.01.002
https://doi.org/10.7519/i.issn,1000-0526.2014.01.002
https://doi.org/10.7519/i.issn,1000-0526.2014.01.002
https://doi.org/10.3969/j.issn.1004-9045.2020.06.003
https://doi.org/10.3969/j.issn.1004-9045.2020.06.003

WA AL, A5 WAL XA A I 25 S A R B M O &R 563

on anomalous characteristics and causes of Hubei Meiyu in 2020 [J].
Torrential Rain and Disasters,39(6):571-577 (in Chinese). doi:10.
3969/j.issn.1004-9045.2020.06.003

k55 2, B IDE A 2023 N W A Y RIF ST J 5 R 0] AR
#12,46(6):940-949. Yao X P, Cao X M. 2023. Research progress and
prospects of convection initiation [J]. Transactions of Atmospheric
Sciences,46(6):940—949. doi:10.13878/j.cnki.dqkxxb.20230224001

Bai L Q, Chen G X, Huang L. 2020a. Image processing of radar mosaics
for the climatology of convection initiation in South China [J]. Jour-
nal of Applied Meteorology and Climatology,59(1):65—81. doi:10.
1175/JAMC—D-19-0081.1

Bai L Q, Chen G X, Huang L. 2020b. Convection initiation in monsoon
coastal areas (South China) [J]. Geophysical Research Letters,
47(11). doi:10.1029/2020GL087035

Bei N F, Zhang F Q. 2007. Impacts of initial condition errors on mesoscale
predictability of heavy precipitation along the Mei-Yu front of
China [J]. Quarterly Journal of the Royal Meteorological Society,
133(622):83-99. doi:10.1002/qj.20

Fabry F, Cazenave Q, Basivi R. 2013. Echo climatology, impact of cities,
and initial convection studies:new horizons opened using 17 years of
conterminous US radar mosaics [C] // Preprints, 36th Conference on
Radar in Meteorology. Breckenridge, CO:American Meteorological
Society

Li P X, Guo Z, Furtado K, et al. 2019. Prediction of heavy precipitation in
the eastern China flooding events of 2016:Added value of convec-
tion-permitting simulations [J]. Quarterly Journal of the Royal Mete-
orological Society,145(724):3300—-3319. doi:10.1002/qj.3621

LiY, Liu Y B, Chen Y, et al. 2021. Characteristics of deep convective sys-
tems and initiation during warm seasons over China and its
vicinity [J]. Remote Sensing,13(21):4289. doi:10.3390/rs13214289

Peters J M, Schumacher R S. 2015. Mechanisms for organization and echo

training in a flashflood-producing mesoscale convective system [J].
Monthly Weather Review,143(4):1058—1085. doi:10.1175/MWR-D—
14-00070.1

Roberts R D, Rutledge S. 2003. Nowecasting storm initiation and growth
using GOES-8 and WSR-88D data [J]. Weather and Forecasting,
18(4):562—584. doi:10.1175/1520—-0434(2003)018<0562:NSIAGU>
2.0.CO;2

Senf F, Deneke H. 2017. Satellite-based characterization of convective
growth and glaciation and its relationship to precipitation formation
over central Europe [J]. Journal of Applied Meteorology and Clima-
tology,56(7):1827-1845. doi:10.1175/JAMC-D—-16—0293.1

Walker J R, Mackenzie W M, Mecikalski J R, etal. 2012. An enhanced
geostationary satellitebased Convective Initiation algorithm for 0-2-h
nowcasting with object tracking [J]. Journal of Applied Meteorology
and Climatology,51(11):1931-1949. doi:10.1175/JAMC-D-11-024
6.1

Weckwerth T M, Hanesiak J, Wilson J W, et al. 2019. Nocturnal convec-
tion initiation during PECAN 2015 [J]. Bulletin of the American Me-
teorological Society,100(11):2223-2239. doi:10.1175/BAMS-D—18—
0299.1

Weckwerth T M, Wilson J] W, Hagen M, et al. 2011. Radar climatology of
the COPS region [J]. Quarterly Journal of the Royal Meteorological
Society,137(S1):31-41. doi:10.1002/qj.747

Wilson J W, Roberts R D. 2006. Summary of convective storm initiation
and evolution during IHOP: Observational and modeling perspec-
tive [J]. Monthly Weather Review,134(1):23—47. doi:10.1175/
MWR3069.1

Wilson J W, Trier S B, Reif D W, et al. 2018. Nocturnal elevated convec-
tion initiation of the PECAN 4 July hail storm [J]. Monthly Weather
Review,146(1):243-262. doi:10.1175/MWR-D-17-0176.1

a4 Kk X)


https://doi.org/10.3969/j.issn.1004-9045.2020.06.003
https://doi.org/10.3969/j.issn.1004-9045.2020.06.003
https://doi.org/10.3969/j.issn.1004-9045.2020.06.003
https://doi.org/10.3969/j.issn.1004-9045.2020.06.003
https://doi.org/10.3969/j.issn.1004-9045.2020.06.003
https://doi.org/10.13878/j.cnki.dqkxxb.20230224001
https://doi.org/10.13878/j.cnki.dqkxxb.20230224001
https://doi.org/10.13878/j.cnki.dqkxxb.20230224001
https://doi.org/10.13878/j.cnki.dqkxxb.20230224001
https://doi.org/10.13878/j.cnki.dqkxxb.20230224001
https://doi.org/10.1175/JAMC-D-19-0081.1
https://doi.org/10.1175/JAMC-D-19-0081.1
https://doi.org/10.1175/JAMC-D-19-0081.1
https://doi.org/10.1175/JAMC-D-19-0081.1
https://doi.org/10.1175/JAMC-D-19-0081.1
https://doi.org/10.1175/JAMC-D-19-0081.1
https://doi.org/10.1175/JAMC-D-19-0081.1
https://doi.org/10.1175/JAMC-D-19-0081.1
https://doi.org/10.1175/JAMC-D-19-0081.1
https://doi.org/10.1175/JAMC-D-19-0081.1
https://doi.org/10.1029/2020GL087035
https://doi.org/10.1002/qj.20
https://doi.org/10.1002/qj.20
https://doi.org/10.1002/qj.3621
https://doi.org/10.1002/qj.3621
https://doi.org/10.1002/qj.3621
https://doi.org/10.1002/qj.3621
https://doi.org/10.3390/rs13214289
https://doi.org/10.3390/rs13214289
https://doi.org/10.1175/MWR-D-14-00070.1
https://doi.org/10.1175/MWR-D-14-00070.1
https://doi.org/10.1175/MWR-D-14-00070.1
https://doi.org/10.1175/MWR-D-14-00070.1
https://doi.org/10.1175/MWR-D-14-00070.1
https://doi.org/10.1175/MWR-D-14-00070.1
https://doi.org/10.1175/MWR-D-14-00070.1
https://doi.org/10.1175/MWR-D-14-00070.1
https://doi.org/10.1175/1520-0434(2003)018<0562:NSIAGU>2.0.CO;2
https://doi.org/10.1175/1520-0434(2003)018<0562:NSIAGU>2.0.CO;2
https://doi.org/10.1175/1520-0434(2003)018<0562:NSIAGU>2.0.CO;2
https://doi.org/10.1175/1520-0434(2003)018<0562:NSIAGU>2.0.CO;2
https://doi.org/10.1175/1520-0434(2003)018<0562:NSIAGU>2.0.CO;2
https://doi.org/10.1175/JAMC-D-16-0293.1
https://doi.org/10.1175/JAMC-D-16-0293.1
https://doi.org/10.1175/JAMC-D-16-0293.1
https://doi.org/10.1175/JAMC-D-16-0293.1
https://doi.org/10.1175/JAMC-D-16-0293.1
https://doi.org/10.1175/JAMC-D-16-0293.1
https://doi.org/10.1175/JAMC-D-16-0293.1
https://doi.org/10.1175/JAMC-D-16-0293.1
https://doi.org/10.1175/JAMC-D-16-0293.1
https://doi.org/10.1175/JAMC-D-16-0293.1
https://doi.org/10.1175/JAMC-D-11-0246.1
https://doi.org/10.1175/JAMC-D-11-0246.1
https://doi.org/10.1175/JAMC-D-11-0246.1
https://doi.org/10.1175/JAMC-D-11-0246.1
https://doi.org/10.1175/JAMC-D-11-0246.1
https://doi.org/10.1175/JAMC-D-11-0246.1
https://doi.org/10.1175/JAMC-D-11-0246.1
https://doi.org/10.1175/JAMC-D-11-0246.1
https://doi.org/10.1175/JAMC-D-11-0246.1
https://doi.org/10.1175/JAMC-D-11-0246.1
https://doi.org/10.1175/BAMS-D-18-0299.1
https://doi.org/10.1175/BAMS-D-18-0299.1
https://doi.org/10.1175/BAMS-D-18-0299.1
https://doi.org/10.1175/BAMS-D-18-0299.1
https://doi.org/10.1175/BAMS-D-18-0299.1
https://doi.org/10.1175/BAMS-D-18-0299.1
https://doi.org/10.1175/BAMS-D-18-0299.1
https://doi.org/10.1175/BAMS-D-18-0299.1
https://doi.org/10.1175/BAMS-D-18-0299.1
https://doi.org/10.1175/BAMS-D-18-0299.1
https://doi.org/10.1002/qj.747
https://doi.org/10.1002/qj.747
https://doi.org/10.1002/qj.747
https://doi.org/10.1175/MWR3069.1
https://doi.org/10.1175/MWR3069.1
https://doi.org/10.1175/MWR3069.1
https://doi.org/10.1175/MWR-D-17-0176.1
https://doi.org/10.1175/MWR-D-17-0176.1
https://doi.org/10.1175/MWR-D-17-0176.1
https://doi.org/10.1175/MWR-D-17-0176.1
https://doi.org/10.1175/MWR-D-17-0176.1
https://doi.org/10.1175/MWR-D-17-0176.1
https://doi.org/10.1175/MWR-D-17-0176.1
https://doi.org/10.1175/MWR-D-17-0176.1
https://doi.org/10.1175/MWR-D-17-0176.1

	引 言
	1 研究区域及资料与方法
	1.1 研究区域
	1.2 资料说明
	1.3 研究方法
	1.3.1 CI识别算法
	1.3.2 CI数据质控


	2 CI时间分布特征
	2.1 年际和季节变化
	2.1.1 日平均CI次数的年际和季节变化
	2.1.2 CI日数占比的年际和季节变化

	2.2 月变化
	2.3 日变化

	3 CI空间分布特征
	3.1 CI次数的空间分布

	4 CI次数随海拔高度及不同地形的分布特征
	5 结论与讨论
	参考文献

