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Using routine and special meteorological reports from Shuangliu International Airport during
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2019~2023, this study statistically analyzes major types of severe convective weather affecting air-
craft takeoff and landing, including thunderstorms, moderate precipitation, and heavy precipita-
tion. The Self-Organizing Map (SOM) method is applied to ERAS5 reanalysis data (0.25 * 0.25) to clas-
sify the synoptic patterns associated with these severe convective events. The results show that se-
vere convective weather affecting Shuangliu International Airport can be categorized into four main
synoptic types, each exhibiting distinct seasonal occurrences, convective frequencies, and diurnal
variations. The first type, dominated by heavy precipitation, corresponds to the pre-flood season
pattern in South China and mainly occurs in May. The second type, characterized by thunderstorms
with moderate rainfall, is associated with the Meiyu pattern over the middle and lower reaches of
the Yangtze River and occurs primarily from June to July. The third and fourth types represent dif-
ferent phases of the western Pacific subtropical high during midsummer (July~August): the third type
features a weaker and more eastward-positioned subtropical high, while the fourth type is marked by
a stronger and more westward-positioned high accompanied by heavy precipitation.
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Figure 1. SOM self-organizing map neural network algorithm flow

1. SOM B ALAMRGIHE ML BLRIZ

DOI: 10.12677/ccrl.2025.146139 1396 AAEARAIT 7T L


https://doi.org/10.12677/ccrl.2025.146139

(20 VS

2.1. EAHER

WA B AT PR KPR B Y3, A% O HE AL & X I SE RS, % SE LS BIR TS R T T
SEI LI 5 L K AR 5 (B3R 14T R SRS METAR MR KSR %5 SPECI). XA TS %% 3T
R B B S, ARGl 45 A B DGy KA B 23 rh AT RS I B GYAAR (R R o DR
TERL S R GARRR R, R B BRI R R E B =28 T 2&(TS). W (SHRA) S KFF N
(+SHRA), ‘BT HE BB BAT bt . EE HE CATIB TR . AT B Hrix = Remxtim K<,
F 2019~2023 SRR BT RSHE METAR FIRFR KSR SPECT, ik git 7 X HLIZ E %
FHRERY KRN AR AL o AHF 7T 2T 2019~2023 4 5~9 H ERAS T8k, KA A 41415 (SOM)
FIERT SRR R SR AE R AN R IE A AT R MR AL, g & HAUR S MINR 43 B 25 B LLSRAIE .
A A ERAS $08 5k B T B b 3 RS PR O (ECMWE), IS R) 23 3 O8N, 28 [B1KF 2 JER R
0.25 * 0.25, SOM EISFT KA B HE 537035 500 hPa AL & 3. 700 hPa /KF X3 LA & 850 hPa
RESEEY.

2.2. FENS

SOM (Self-Organizing Map, SOM)/& —F TG BHLE 7 217705, BRI @At IR AUl 3 m B
Ay W FE ) AR 2 1 WS SR 4 GRS 2 ) I B RS b, R R R IR A B = R 4R Hh ik, H Al
CE 2 AR 2 B B 2= AT T2 R . B 1R T SOM Sk TAEIREE . SOM [rIA% 045 #4 i
TUHEB I S 28 ST, AN 50 S — ML [0 Wi = [wi---wid ', Ferh d 9RFAELERE . SOM J7
AL SR FE R BERF AR R IR (R PR A S5, P AE AL R R AR AE WS IS 7 T A AR A& e XK S 15 2 AR
W7 EARYE £ o 7 BT (PCA) AT WM A N BE 25 1], BT 38 4 25 SILHI TR AREAR, THEH
ST ME O ER BN ZER, EERE/NIEILRIA BMU SRIEMZ G, RIS 20 & AR T
TR AUE [ BT IE R S, B R AR AU

3. WRHIABEIRRSHIR RSB

SRR SRR RE R A, AEPRATEHAERT, BRESRRIKESRERE
TR AN ARAE 2 S o W W A R SBT3, AT DU R 2R A AL R o v+
HARRIEM A, XA RIS R FH AR 1) 738, AT 72 e B 2R 6] S 0 A2 2 A 1 2 LA o

S0P R S R I B =N AR REMIKIR. ARGE B S LB JHa LS. NRAE B
TR A X SRR R I M, A SCIEHL 500 hPa & EE375. 700 hPa X7 1 850 hPa fEAH AL IR FE RS
I3 BYIAZ DN B ZR o X PP R B BB HE . 500 hPa = BEMA 1 X 2 2 KRR AR $8
Br, BEWS IBERSREN /)1 R 700 hPa [ Rz 4k T iR B I, W DU S m S mba G V138 st
#555)) /113 1% 850 hPa HIMEAH AL T % AT PLRBUIRZE RSB @ KRR, - R E E 4 .
ghia DL B =2 0] DU 4 T B iR SR AR BT BT RIS J1 305, B 53 B S LA B BE T g2
BERFEARHE o AL LARUGRANLIZ R SR SC(METAR/SPECI)E K A 5B S I R (TR &5 HRERT . KPR A& AR
(EAEAFEAERT 2, S 7 GORRHERT 3 /NS IR EE Y B B VR N R R M Y, @ wi R
BEbmm s, R H SRR R AR R DG SR R A 35, DT A I M 00 A0 o S i it — e ks « £ FH SOML 7
POAT R B IR 3 A BRI IEHE T IX I5(0°~80°N, 60°~150°E) P 1 T4 b s A MR B N IR T
S MGG, 9213 TRUEM M. &2 )R, 4546 =10 1R % (Quantization error, QE). #i$h
% #(Topographic Error, TE). U-Matrix (Unified Distance Matrix, 4i— #0250 F)IX =M abr, m&ERIT

DOI: 10.12677/ccrl.2025.146139 1397 SR TR


https://doi.org/10.12677/ccrl.2025.146139

(20 Y

2x 2 MR, FE T A SRR T A AR I T R
3.1. MERSHEHIS

K2 XA 5~9 A 4 B RRSEHITEERY, K 3 RGBT R A8 RSB H
Yo B FONERMATTIIES: — KA 4 A BRR s Ad), SR PaAE T RER] AR T R
£, MEEFRGARER, BT ERATTEE B SR D)1 22 8 KU ], R KL AR 3 BT
IR PR P SR B A IE B BER B, BREXURINLIA 2 e A R R R AR MK A, ARSI AR
B 9 B B RNAR B, AT AR BRI R R e S ORI IR % — ok
£ 6 ARzl 7 A h), BRI PEACARCTRER s e i 15— AbBk, R T HERIX, KIT AR
HERT . I B FAGH 7 XS0 O AL 55 e S LAAE S X, DU )1 2 b A 5t B v Rt i), (H 2
RN A RS . SB B SN AR BB K R G A B SR V) AR RS R ARG R, 1A TR S
P R AKJZ IR VG R Ry o 17 1 v 0] 1 3 T (M ), %o 2t 2 350 ) B RS MR R, 5K 23 3 1 500 ) S 1 52
HHE AR

SOM_0

110°E 120°E

SOM_2 K ¥ K
........ T /// 1 e o
......... 6 o 300 SIS e S - -y 297
< A S 7 F e o . TV Hod =
» . ) A P 2 2 9T LY U N 2

SON B son oA U e 95

g I N GG O =]
: 206 S e i | B R
294 S - =] 291

» B et

4N o 7 202 N o Tst0TI S e e 289

..... P —— . \.‘ b, — |
290 SRR IR Ll 287
o SIS R J10 P8 s M;nﬁ%‘ ¥ o 285
286 S ] | 283

P P \\\..‘,::-
: 284 P AN N~ T 281

2N e [ 20N L7 AN o ; & \‘k:\\t‘\\\ BIpIl
Y A W i 4 282 7 T » ot S | 279

MWREES Ao ot 45007 o = AT SN A e 1]

| =5 /’/}/I'/'/'/' ; ’ - . 9 /‘W//’ PIVArID N =
70°E 80°E 90°E 100°E 110°E 120°E 130°] 140°E 70°E 80°E 90°E 100°E 110°E 120°E 130°E 140°E
15m/s 15m/s

Figure 2. Average synoptic patterns of weather type clusters at Shuangliu Airport from May to September 2019~2023: top
left shows the South China pre-flood season, top right shows the Meiyu season in the middle and lower reaches of the Yangtze
River, bottom left shows midsummer with a weaker and more easterly subtropical high, bottom right shows midsummer with
a stronger and more westerly subtropical high (solid lines represent 500 hPa geopotential height contours (gpm); arrow vectors
indicate 700 hPa wind fields; color shading represents 850 hPa pseudo-equivalent potential temperature; the star marker indi-
cates Shuangliu Airport)
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AETHBEERERSRER, ATARERSRERIA(ELZHN 500 hPa FELk(gpm); &ikXEH 700 hPa Xi7; EIR
73 850 hPa fRABZALIE; EFRRTRIURT)

DOI: 10.12677/ccrl.2025.146139 1398 AAEAR LI 5T g


https://doi.org/10.12677/ccrl.2025.146139

(20 VS

2020-05-06 21:00:00 K 2021-07-02 02:00:00 «
204 208
SN 291 206
288 204
285 202
NSNS\ e 282 ’ 4 g . oS L 290
279 > Ol L - 288
. 276 § 7 286
273 4 AT A A 284
270 — 4 ¢ . 282
; s T /1fgf~ B
20N 267 WNTIX L et T Lo 280
PR SR Lie 7
g s Yy
T0°E ] ] 100°E 110°E 120°E 130°E 140°E T0°E 80°E 90°E 100°E 110°E 120°E 130°E °]
. .
15m/s
2023-07-26 09:00:00 K 2020-08-16 14:00:00 K
o 302 300
SN 300 297
298 294
296 291
4N 294 288
292 Z & 285
,,,,, S N
SN 290 P > 282
»»»»» 288 ; 279
! \ \’ i, 7 =S } e ‘Q ,\:‘\\ ,,,,,
286 A SONCENNN— 276
20N 2n e \ %ﬂf . /i('—"i\f/ f } ‘\\:\\“\\ e
284 14N < Pt e | 273
TN =7 X 1\ ;ﬁj\\‘,, b’
: : . : S e R ot
T0°E 80°E 90°E 100°E 110°E 120°E 130°E 140°E T70°E 80°E 90°E 100°E 110°E 120°E 130°E 140°E
15m/s 15m/s

Figure 3. As in Figure 2, but for typical individual cases of each weather type cluster at Shuangliu Airport (May~Sep
2019~2023)
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Table 1. Sample statistics of the four weather types at Shuangliu Airport from May to September, 2019~2023
= 1. RIS 2019~2023 £F 5-9 B 4 XRSHEGITR

REAH S wmoR BE= EJIES
5H 25 2 0 0
6 A 0 19 2 3
7R 0 30 50 4
8 A 0 22 33 30
94 9 9 0 3

Table 2. Statistics on the number of days with various types of severe convective weather
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Figure 4. Interannual distribution of days with various types of severe convection under different weather patterns
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Figure 5. Heatmaps of the 4 types from the SOM classification
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