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Abstract

An extreme rainstorm process from May 5 to 6, 2022 in Yili is synthetically diagnosed and ana-
lyzed based on the multi-source data such as conventional observation data, NCEP reanalysis data,
FY-2G satellite and Yining new generation weather radar echo. The rainstorm is caused by the
eastward movement of the Central Asia trough into Yili under the background of the multiple
wave-motion in the mid-high latitudes. The humid region is deep, and the specific humidity of 5
g-kg-1 extends above 650 hPa during the rainstorm. The positive vorticity center below 800 hPa is
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completely corresponding to the peak period of rainstorm. In the low-level wind field, there is a
deep meso-f vortex in the central area of rainstorm. The calculation of water vapor balance shows
that the water vapor input from the western boundary plays a decisive role. The analysis of FY-2G
satellite TBB shows that the rainstorm is caused by multiple mesoscale convective cloud cluster.
Doppler radar echo analysis shows that the low-level jet stream is strong, the atmospheric strati-
fication is unstable, with upper cold and lower warm, which is conducive to the occurrence and
development of convective precipitation, the peak value of vertically integrated Liquid is 7.5 kg-m-2
during the rainstorm.

Keywords

Extreme Rainstorm, The Meso-f Vortex, Mesoscale Convective Cloud Cluster, Yili River Valley

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. HY

FRALA AL T SR Y AL BB X B PO AR, iR KRR R A%, =L, 2R E PR R vE T H
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Figure 1. (a) The precipitation distribution chart in the Yili River Valley from 08:00 on 5 May to 08:00 on 6 May, 2022 (unit:
mm); (b) The hourly precipitation chart of Guozigou Longkou at Huocheng County from 08:00 on 5 May to 08:00 on 6 May,
2022 (unit: mm)

1.(2)2022 %5 B 5 H 08 B % 6 H 08 BH{AESA &K 2SR E (BRAL: mm); (b) 202255 A5 HO08KZE 6 H 08
MERERFALOF/NTREREEM: mm)

Table 1. The precipitation and historical ranking of the representative stations in the Yili River Valley from 08:00 on 5 May
to 08:00 on 6 May, 2022
2 1.2022 £ 5 § 5 H 08 Bf~6 H 08 FHRELA A ki P 7K ST K [ SEHFL

s AN NS 5K 3h Figs >0.1 mm
B fogess  MEKE S APEE e Wk
et PRI HYEIL AN 1] NGRS
RAEEN 103.3 1 24.4 6 H 01 i} 50.0 6 H 00~03 20
% R AT T N .
Wl b 91.9 1 25.4 6 Ho0m 483 S5H22m~6H01Kf 20
[ E AR Ak
B SR AR i 80.2 1 18.3 6 H 00 i} 327 5H23m~6HO02K 20
SE7Na]
% R AR T _ :
B S 78.5 1 16.9 6 H 00 26.8 5 H 23/~6 H 02 K} 21
B R A T AR
YIERGERAGH k] 72.4 1 15.7 6 F 00 i 36.6 5H23m~6HO02K 20
EXVEEA
% R AR T 17 I
apeaey 64.2 1 23.7 5 H 17 i 35.3 5 H 14~17 & 19
SEVITIE 52.1 1 315 5 H 18 i 35.8 5 H 16~19 A} 19
R B B 51.7 1 17.6 5H208 219 5 H 17~20 B 20
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Xt 1 100 hPa m gy - (Emg), 5 H 5~6 H, dbEkN 43, w0 &R AR, 30k
AR, AL T ER R B b ER B, WHARZE R 500 hPa b(1 2(a). ¥l 2(b)), 5 A 4 H 08 h, BRIE3E
Flh mdi a2, Abdh 40°N DUsd iR X OAIRAEE BIIX, (AL S2 3 sl a0 v me <=l 5 H
08 h, AR A LRI b, Bl LA &Sy, AL T T R R B A Ve e B S, iR
JE#E 529 3°C (700 hPa T-Td 24 0°C); 5 H 20 h, HlRARFEAE N FTaBIaEE, JHAL AR Al 75 g KUK ZE 16
m-s ™, RN X HE AT T TR, R R 25N 0.2°C; 6 H 08 h, HEARAE AR AL LI, AL
Vol N ik O o U R A S RE S

5 H 5 HAT RS S 500 T 8 /W 10 R A R JE (] 2(c)~ & 2(d)). 700 hPa BA T Iz BE e FE i, g
i, 700 hPa LA bR B = BE A, v, KA B FIRARE 2R . 08 I K $8% > 35°C,
6 KM L3 B A ) A8 5 k(08 I 7.9 mes 2, 20 IF 9.4 mes™Y), Bl T Ak € & Jié - CAPE 18, 08 It} 15.5 J-kg 2.
20 i} 106 kg™, AFEfEE A, FITHRERKRAERE. BZ2EE 20 ik 6772 m, FlTRW/AE,

3.3. MIEEEIDHT ST

331 KARBEEHERS KREERHEEERY

ST HETRI~300 hPa 7K ¥l & A 37 (] 3(a) & 3(b)), RILEENT BT 17K IR 32 K R T4 i3
AT R PE <. 5 4 5 H 08 h, BHAIFEASL ML /K EREER S mEF 0N 25 gm s, @‘*”
PO BB /KPR o R0 N 5~20 gom s t. 5 H 14 h, RALPEER KV B AR B AN 5~10 gom hs T
AR/ 5 H 20 h, fFRRUKRIESETEEM SRR, PHEHIL25 gm™ s S EX. 6 H 02 h,
RUKFE R R 4RSIk, PHEE 20~25 gom s M E X VS FE K. 6 H 08 h, AL KA E B E
Bz 5~10 gm bs ™, BT 450,
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Figure 2. 500 hPa synoptic chart (a: 08 h, b: 20 h) and TlogP dia-
gram of Yining sounding station (c: 08 h, b: 20 h) on 5 May, 2022
2.2022 %5 A 5 H 500 hPa X5 [E(a: 08 h, b: 20 h)FRTR
=z} TlogP [El(c: 08 h, b: 20 h)

HiuTRI~300 hPa 7K {0 & U5 B 4037 (1] 3(c) 18] 3(d)), & RTId A% AR AL TG S 4 RF Aot (1) 7K V0d
BiRG, BEKEX SKRBEESSEXIEARNN. 5 7 5 H 08 h, ALK E B
ﬁﬁ4xm‘—mxw gm?Zs?t. 5H 14 h, tHAPGEKKKEE &ﬁﬁﬁ%%ﬁ4xm‘%xw‘
gm2s?t, BN, 5H20h & 6 H 02 h, KKIEEFESMWMER A, HAPEHEI-14 x 10° gm2s™
EfE . 6 H08h, AKRIEEMREGEESI, PRI X R, KRR, HERFE.

3.3.2. LB BN

NI 0 SR VA e TR IR s BORE 2 A e [] — v B i P B mT DL 4), RRIAENREIRIE, 5
g-kg I ELIR L TH % 650 hPa LAE, rihif EbiiEE 10 g-kg ™. 700 hPa LAR, ABAH 24 A7 i Bt v FE /)
BT, RITFXmER K RAERRE.

333 EEEHE., EEAE

MR-V 19 0 P 0 LR S ] — sy B 1 P b mT DL (%] B), R R IR SR A e 1 R s YR
Bom) EEsh, NRWIREEE RIS 740 . BRGNS A 5 H E 2K, LFHizshfiE % 300
hPa.6 H 02 h, 1E % 7] A4 2 400 hPa, 700 hPa LL R AEi{H [X , 800 hPa LA T IEJ#E Hiik 30 x 10°s 7,
L 5 T v WIS B 5 A 0E B
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Figure 3. The vertical integrated field of water vapor flux from ground to 300 hPa (unit: grm *s™) (a: 20 h on 5 May, b: 02 h
on 6 May, 2022), The vertical integrated field of water vapor flux divergence from ground to 300 hPa (unit: 107° grm2s%)
(c: 20 h on 5 May, d: 02 h on 6 May, 2022) (o Guozigou Longkou, A Yining County)

3. 202245 B 5 H20Rt(a). 6 A 02 Ff(b)ittE~300 hPa /K SBEREEMSFH(EAL: gm s, 5 H 20 ). 6
H 02 Bf(d)#thE~300 hPa AR BERHMEZEEM M AR 10 *gm>s™) (0 RFARO, A FTEH)

209, = = 08
Figure 4. The time-height profile of specific humidity (dotted line, unit: gkg*) and pseu-
do-equivalent potential temperature (solid line, unit: K) from 02:00 on 5 May to 08:00 on 6
May 2022 in Guozigou Longkou
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Figure 5. The time-height profile of vertical velocity (isoline, unit: Pa-s™) and vertical vortic-

ity (stain, unit: 10°s™%) from 02:00 on 5 May to 08:00 on 6 May 2022 in Guozigou Longkou

Es5 RFEAKO020224585H028ZE6 H 08 REERE(EELZL, BAi: Pas™).

BEERE(GN, B 107 HEE - SESIEE
3.34. RERZA

LR IX 5I0E R VI AR Z0R Nk R . 850 hPa X7 E(] 6(a). & 6(b)), 5 H 5

H 08 I &, i Va ks SUREANFALVEHE, S8 b va Jb S v i RO DDA, 2R AT e 74
W5 e AR A AZ . 5 H 14 1, Ry el mig e S i X @ 42, 5 H 20 i,
FER TV T FE R R — AN pOREERE, B vERE X, AL AR K, PRI AR A S PR AU T2,
s AR ROBEAUE ) A 22 700 hPa (1 6(c). K 6(d)). 6 H 02 I, RALFHETAIICS SURINKE 14 ms™,
R e A AE SR ME I, B N ARAE X S PE R X% K028, 6 H 08 I, R4S 2t giH iR,
RV e FE SR R I VI AR T 2%, BRI SR T 45 . R O TR AN A pEAL L X,
TEXRRA HIESATHER, IREXIS A b RUZRE. 02 SR HUB R A T B AT /KR P 4
e BTE, TR 2R R R AR R .

3.4. FMARAKEWS

5.5 H 5 H 02 h~6 H 08 h AL 51§ [X (42°N~45°N, 80°E~83°E) /KN« Fi AN S & (1EE AN
N, SUENTH) (B 7), HUhTE~700 hPa (XHZ{K)Z). 700~500 hPa (Xiit)ZH/Z). 500~300 hPa (i
JZ ) BB JE (HBTHI~300 hPa), 73 #r A [\ 2 K VR Ak REAIE A % MY I R KRG B . PRI B R 2
SRR, ZWHIEG A5 H 08h~6 H 08h), # 4 \HIKIR G BTN 76%, 700 hPa LL Rk
AN T AR E I, S 59%. Jbii5t 500 hPa BL BB /DVFKIAEIAN . RAAEKZHH
IKIEHN . PO AN KR EBAE 700 hPa DL o H TEARAE B 90 P8 SRR A PR TR TR AN W St 4 A7 A
BWX, HRLDFEEZ KRG 10.9 x 10%. kBT, Pk K R sk PEE A,
X5 R AT AT KRB R A — B
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Figure 6. 850 hPa wind field (unit: m's %) (a: 20 h on 5 May, b: 02 h on 6 May, 2022) and 700 hPa wind field (unit:
mrs %) (a: 20 h on 5 May, b: 02 h on 6 May, 2022), ® Guozigou Longkou
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Figure 7. The evolution of 6-hour water vapor budget (unit; 10% t) from west (a), north (b), east (c) and south (d)
boundaries in the high, middle and lower troposphere in the rainstorm area in Yili from 02:00 5 to 08:00 6 May
2022
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5 H 5 H g REHE ER I X AL i —> TBB 0 E—52°C HIE AR K R = 4], 5 H
05 h (1] 8) 5 st RUBEXHIAL 2 A1 Hh S 66 98 A i 9 it P it 5| 5 g N AR AL, AR R b bid fE b =
FIAW 24, BiRE. 5 H 15 h RAPE Y TBB < —20°C, R AR ON TBB N-32°C, 2% =R K
¥, R ROR TBBERMRMEEN. 5 H 23 hJg, —4 TBB HUME—44°CHIT—p KRR = BlZ W e
WRFEEI. 6 H00h, RFAROTBB N-32°C, /N4 /KE 11 mm. 6 H 01 h, Rk TBB
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Figure 8. FY-2G Satellite TBB (unit: “C) ((a): 05 h on 5 May, (b): 15 h on 5 May, (c): 00 h on 6 May, (d): 01 h on 6 May,
(e): 02 h on 6 May, (f): 03 h on 6 May, 2022), O Guozigou Longkou

8.2022 5 B 5H 058 (a), 5 H 15 A% (b). 6 H 00 B (c), 6 H 0L Bt (d), 6 H 02 B (e). 6 H 03 B (f) FY-2G
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BERWALLERE . FIREEEEEAKNT(E 9), HERFERE T KL 30~45dBZ, H Al 54.5
dBZ; [EI TG RZTE 2~5 km, TR XTI AR A TRAE 5~8 km, K& 8.5 km; B AR A S /K

BIEMEN 7.5 kgm . RIEE b, B XABORIOE S S0, MU, RERE. 2
AFKREEE £
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2) AR KERBUZEZREERD I L, RILRR TR ER A b R T
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