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Abstract

A transitional and high impact heavy rainfall process happened in Bayingolin Mongol Autonomous
Prefecture of South Xinjiang from 4 to 7 on May 2019, which contained multiple configuration
types of precipitation process with a succession of fast-flowing cold frontal precipitation, dry
line-triggered heavy convective precipitation, and low-vortex cyclonic precipitation influenced by
a shallow Central Asian low vortex. The initial location of cloud masses during periods of intense
convective precipitation corresponds to the intersection of air masses of different nature within
the ground boundary layer, and the cold outflow boundary of northward lifting convective cloud
masses triggers the regeneration and intensification of convective cloud masses. The heavy preci-
pitation was preceded by supplementary water vapour transport on the south-eastern side of
Bayingolin Mongol Autonomous Prefecture. Before the heavy precipitation, there is significant in-
crease or decrease in key sounding parameters, and enhanced mid- and low-level convergence on
radial velocities. In the past 10 years, nine high-impact, disaster-causing heavy precipitation
processes occurred in spring. The influencing systems include the Central Asian long wave trough,
the Central Asian shortwave trough, and the Central Asian shallow low vortex, and the weather
concept models are divided into rapid cold fronts, low trough shear convergence, low vortex cyc-
lones, and rapid frontal areas. The triggering of rapid-type heavy precipitation is mostly related to
the cold front activity on the ground, and the triggering of shear and convergence cyclones is
mostly related to the horizontal and vertical intrusion of dry air masses.
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L S0 5 B VA M (R IRR BN AL T me SR i 1) o 4538, B HbS L E A%, BET RN, MR
R TE - PR N2 AR E RN, T 58 P PR 52 05 - 50 & 2R ORR, dLERE R R A [1] [2] [3] [4]
[5]o 3782 R AT AT rh s 26 7 XUty S BRI I 2 RBE RS BAR =), R e ESUARL, (R
P ALFE T« A U XS R OAR R 2 R R G06] [7] [8]; Hh AR it id Rl B 5 2= 4K LL A1 A 57%.,
FRN 18% [9]; FHIREZE 5 AR LTI HIMEZE N 77%, SR E AR A7 7E 235 22 7 [10], #r
SRR KN Z SR A = KR R ik BRI A MOE, 1M RE 5 A i P K SR SR R AR SR K
FHEHEZEY), MErPRE RN A AT . R, AR 4 &R, KIRERTER ML
A& G [11] [12] [13], TMiFRZEsm MK R AR BT KPR SIS AN B 2, ANTE S B /K I 1 BT 2 A H B KR
PRI [14]. 2019 4 5 F TN X R AR R — IR AR SR b ARG IR 51 R R R B K OR O AR S 8 D T

KRERNEMTFA S SNER SRR AEA R EIER, T/ANRE RS MK GRS, IR
WA R R, R SRR Z DR TR p—— T R R BRE L, SRR K AETE S
EVIE 5 SR C A BT I A Ay S Y a——R R IR R IAIEI [15] [16] [17]. 3 4F-5K i 48 30 L
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ZFIREIL 2 B 7K = A ATt H ST Fs ) P RS il P58 o P ik — 2B i RAE [22] [23] Hrsmttthdel) el A [R) ZR 45
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Figure 1. Heavy precipitation center of hourly rainfall changes and main precipitation period from May 5~7, 2019
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S—EE 4 FUREROBFIE A BTE), X, BEamb s Ekm: 5 nBESs IFRER
FIRFR{E B IFBY), FEAcEh, BEAL. fof. B EALIMILRN, #0512 MRA KR S Ik,
70 3 M RTECT 5 mm DL, SOOI T3 10,2 mvh AR ARBIBIK, 5331 R UARR 5
HEMEE 6 FURERE 7 EFURHE C B, Rof. FE/RE - MBI IR . BRI
WK, RAOMEEREAE, TR, F %S .

DOI: 10.12677/ccrl.2022.111012 111 SR AR


https://doi.org/10.12677/ccrl.2022.111012

=

3. KREFRE=R

Hh Y5 X A 2 P AR ], 12 XA AE 5 2 X AR AR A 8 25 AN R RS, B 7Y
WA, B IX AR B K R U A Ay 7 Ui 2 1 PR R L v 0 Bk R B - T4 2 w0
30°N B3 &l #vils T X SUALR IR ER, 4 H 08 I 2L 5 40°N BH, Bl b Z8 s X A2 T P4 i S A 1
X, A 200 hPa PG RS 4~7 HEAS A : e 28 QUi 375 17 2 P5R LIRS H# R LR W B A,
VTR PR s /2 R G52 2 b B AR X I, 4~6 I BEE AL SO SR A BT R AR B T, Bl
EEL ML B8 L e Ak T ) AT P8 XL P o P T e K PR 4 T i 45 R e S At B A 7 2 2 R IR R o )
STICAL

120E 20E 40E 60E 80E 100E 120E
30 30

20E 40E 60E 80E 100E

y S iuueaa e a2 > S T T AR T
70N Wf’/ 7 e =~ mﬁax-,l;g}v ‘
= \\E‘\\i\.\\\;}?‘\’w/// s \\\
\ T , \
s \ = DR
= /;/H \%\}\:kk i
50N ‘ W
W
40N 1
30N 1= = Z = ‘ 7 : V
> ~ Z ‘ »
= Nl g IV A ] W
20N \\K\\\\Q\E\w\,ﬁ \ M,&Ef&:w/> ,\‘“
M/ijl oA w M"/Ag/ ’ \
10N Lz fON ariey A T e RS )

@)

FAAATIF I I IS S S a3 s ARRE R AT T

A

e e e+

=
/;««léaﬁ/

30N
L Do SN
20n NS y /f'w‘/ //'/‘¢4Ay:l‘;:\“\&\‘ \
2222 NN ZOPP 1 [ 7APARAN e /\,‘“ NN
VA S R Zaana PR el 1Y
7 = R N I S T
P ;f\“\\@\ LPOEIANNNY TESL )
1oN e e a7 v xR 2RI e T R L AN
2 40E 80E 100E 120E

© @)

Figure 2. Evolution of the 200 hPa flow field at 08:00 on May 4~7, 2019 4 (a), 5 (b), 6 (c), 7 (d). Black solid indicates Korla,
the capital of Bazhou (same below)
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Figure 3. Evolution of daily geopotential height and temperature at 500 hPa on May 4~7, 2019 4 (a), 5 (b), 6 (c), d 7 (d)
(The solid black line indicates the height (dagpm), red dotted line indicates temperature (°C))
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SR, TERPE RS AR AL TR filoR T RO MRS, B 2R R X 2 5 H A5 RS H /N R
TR R B AR I SR PR o BRSPS G B OR R A S 590 AR R L S AR AN R R R
HIE & A eI, X — DU A B BCA RIE A 2 SRR R L AR T B P SR AL SRR R A%
JRANR g, C BB T B B Bk s M AR s T B35 808, 6 H A RBEE IR as A 8%, M
Jedpaz i E s E], K BLAE, {2 700 hPa 7 & A AAE T e X3 . RIS 7EKSF 7 A BT 4R
A9 5 ARG SR A X, 850 hPa e 25 42 B AL g i g UK & X, 76 3 B ) b i s A 4
DR M SRR S S, B R A AR AR RS, B R R KIE X AL T 700 hPa e
2RI A 5 41 2 XU B DX P 8 B X, Pk SR 2 0 P L F SR G B /K e e b P B K R
PEREIK .

200 hPa
@ ®) (©)
~—— —
\ QJ-)) /W / 500 hPa
|
7 700 hPa
ﬂ\\(—_ 1 =
N }7 ‘ /
/ /
" — 850 hPa
/ u H
G {;:> G Y Bl G
w— 200 hPa A R sy 200 hPa S04 mm x mmm 700 hPa 3554k
w— 850 hPa K RE 4 — 500 hPa 23740 wem % wem 850 hPa 5-&4;
w500 hPa X XU — 700 hPa 237 700 hPa )45 4k
w— 700 hPa KX 850 hPa 24 oo, 700 hPa T-48
—_— TR ~w— A % 850 hPa B4 > RKFEEAERRE

KT O 500 hPa /K RIF <> 700 hPa /KPR

Figure 4. Analysis of high and low air-scale configuration of the heavy precipitation process in northern Bavaria from May
4~6, 2019 (a) 20:00 4 May, (b) 20:00 5 May, (c) 20:00 6 May
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{E 5~6 km, 0°CHI-20°C B i & B, A A FUKE R A, 3b 5 H 08 i TQG @A EREE 1139.4 m*s ™2,
FAE H BRI AR, WA R T iR R A L&A, 5 B ERA RSB IIKE . ERSH
RIAGF, — R LR ST BT 4~5 %, DAL 5 7K O 2 0 i R U RUhL RE TR
AUKE . T RARIR L [26]. A FRBRE KRR AR FHRT Y E ARV B2, A N B /R
IR Z R T AT E Tooo-gso A, HRZAKINALZE, K %L, 700 hPa LLiE)&/IN . 700 hPar.rq 39K, K
SHARE I AWIG IR, TQG W VE IR, R 5 H HRITIRFE /R E LA T sk i AR A LR A
(1 B AP ST aa e 0 B BB K FR 808 0 21°C. A #8038 m 6°C. 700 hPa LLi@ N 3.49 g/Kg.
RIZLCIRIR I G0 849.5 o/Kg B 1 — 1%, RALSNJI 51 HIR THREBON XE AN B2 5 B B A8 0, RAE
XL LR AR A GURFAE B8 U SR B B BRI X 5 IR U DU N 5 K R A T i SR
55 10 38 B D) A LE S AR X, B FUER BA [27] )2 R B & A DK R AR R I8 U F g 3— K 1500 mP-s 7%,
Table 1. Statistical characteristics of commonly used sounding physical quantities in short-term heavy precipitation in Korla

from May 4~6, 2019
2 1. 2019 4 5 A 4~6 HER#MXERTEMKERRTYIEE S BEHHIE

i 1]
st e = 4 H 4 H 5H 5H 6 H 6 H
WY 08:00 20:00 08:00 20:00 08:00 20:00
K f8%u/°C 28 22 7 28 29 28
Si YO IRIEEY 1.46 0.99 1.21 3.68 2.39 1.68
= Qi: g, =2
A A fE%C 9 17 9 15 6 1
R
Ts00-g50/ C 34 30 34 28 28 29
Tg SHRUREE/C 24.8 22.6 22.4 17.4 10 17.5
1Q #EHEH /g Kg? 1463.2 1424.1 834.7 1681.2 1558.5 1512.3
O700/9/Kg 424 2.31 0.75 424 424 39
KA .
M (T-Td)700/C 4 11 23 2 1 3
TQG WA H/m?s2 652 841 1139.4 301 220.7 202.1
LI A4 C 2.61 0.51 0.9 3.1 0.63 1.95
TS, = hPa 735.8 750.2 845.4 788 918 838
0°CEEEm 3216.111 3235 3208.636 2866.923 2834.545 2976.364
Rk
2. fEE 20°C 2 & EIm 6107.5 6110 5581.364  6088.461 5825 5834.615
CAPE L4l 4 257 figld-kg ™ 0 0 0 0 86.3 40.9
TR AL RE T kg ! 0 91.2 0 0 11.9 516.3
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TCIX S, DU AN [F PR 2 e s S AR TR s W14 . A Fl B R duiatas, AT
B, A ARRANE/REZCHACK{ET A F IR 2 A e ik, I 2R UKE RRE. 14 B B &
BT 2 B 5 SR 25 i AT — 00t /N R 3 5 mim fOJE I SR FAK, A R B 7E B AL 2R 74 9 0T 1
ANy, 15 B A Fl B &R AudE, BURA S IIVKE, RIS O A R . 16 B
AFI B GIFRE G =M CAMARE, CAHMHERKIBFFSEMEN, SO ZE/RERICMAFEI R, 2 i
BEIXBE— B4 K, ZRACIH R I E ot R R, i s B K A X AT = AN R D7 ) R < s
FACMERRA SRR T, RMCATE S SI R RN, PN TREm IS AR, LK
SR 57 S ETHE TR 3 B R R 28I, BB — 5 i = 4] D A E TR, £ C 4ME R B AN KA 8 4
Sz B, XSRS E &= C IR IMNLIA R HE YA, 18 B D Ml E &I 58I M A
HERAE B OERE S =B F, REE KL 200 km A 47, FEgMldaGE v B KEea, D ik
B AL L R M 7% 2 HBRUKES s AT 28 AR B RN T 1 F AR (T b T A7 8 RS B KPR 2R i RGN
mHE X, RIAEARK F RZBAd0 K g sm iid 72 v 243 200t Z /KA 8 . 20 B 76 R 18 25 S UEE 31
V B CARARWHR N F, B8 F A0 D AW AR T7 R BRI, R B ED R R 2 F AL HES
ZHRBIR ], F AR RRMUE = R B 21~22 i E 2218 %3), D 5 E TWHTE A /R Eu il
A RIS, SO R AL 4 YR 10 mm g IS 5 A K .

11:00 & 14:00 &

21:00 4

Figure 5. Comprehensive analysis of the FY 2G infrared satellite cloud image and the corresponding ground encryption au-
tomatic station at 11~22 on May 5, 2019
5.2019 £ 5 B 5 H 11~22 Rt X = 2G £I5p D2 = E R3S M Az E N B shubLR & 24 E

DOI: 10.12677/ccrl.2022.111012 116 SR AR


https://doi.org/10.12677/ccrl.2022.111012

IH
Ly
o
48

18:03 - 21:01

12:42
19:27 ¥

18:03 21:01

Figure 6. Combined reflectance factor, radial velocity, and cumulative liquid water content of the Hale and short-time heavy
precipitation radar at 12~21 on 5 May 2019
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J&. 12 B 42 Sy (EREALS FE SR A P — 5 58— R BTG B /N 18, oK 15 50 dBZ = T/
JZ 9 km. >40 dBZ 5 [F1 A i i B 20T 7 kmy T B R BURA K S & VIL K05 8 kgm 2, i 24t £ 4
SGAT R TR M TH I VICRL 1) /N KT o B8 Ik UHE it 2 5 fl o X JR Y R B K PR UK L el e, 18
i 03 43>50 dBZ # [ml i T AR EEIT 15 km?, 58 [R5 4E R K2 50 438l = T 10 km, >45 dBZ 5 [ % {if
JE L 8 km, T B BB KE B VIL Kk 24 kgm 2, SREIE O K SEAE 4km A, £
AR T Lo /K BLBAREAE ,  ER T T B S SRR B, A £ B G5 B DR A5 2t B
SR PR AT UKL . 19 B 27 SRR AL F AL T ) BT R — A R HEA AR B, 20 B HT S — AR
SLi>40 dBZ 5 [Hl B HaT PR /R BV L —aF, 21 B RIS AE R R B R 58 A8 SR L —7>40 dBZ 5Bl X%
REHUIR, TR A 5 AR = AR = 0 ABUIR = A E B ZOR [E13, BB 200K 2= (A1 98 3 /N R
AT HR ZOIR BT 3 0 R B A K

M7 AP 17 B 08 2 A2 s B ] B B KX, SOR B RIRR SRR, SO iR K23 mis,
EULRI AR G o 17 B 58 Zr7E VK 5135 0t 0 9 A 55 1) G H o, TR BRAR 1 VA 1 7 11 3
BRI SLRR, BUd>50 dBZ SR IE1 oK TR 44 o 19 I 21 23 128 AR 380 0 e 00 2 7 S vl B 3 B P e AR
) IE GO EX, Fd R OB 24 mes™,  IESRPE FUOMELE 18 mesTh, 2R B IR B I AR R AT AE BRI R
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17:05 1.5° N ‘ 19:21 1.5°

17:58 1.5° 19:214.3°

Figure 7. Radial velocity distributions at different elevation angles before the occurrence of hail and short-term heavy preci-
pitation on the Korla radar on May 5, 2019
7.2019 £ 5 B 5 AERE AL £ KBTI A RN A EREEE S
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Table 2. Weather characteristics of high-influence and heavy precipitation in the spring of 2010~2019 in Bazhou
52 2. 2010~2019 FE M #1 X FFE R MnsEEK R SAFIE

Wk CWkTHE wokgg PMBCR RS .
¢a% RAEFK  BRAKSR *ﬁm %@m ek FAEY S o KA
(mm/h)
S AR
20100419 KW, FBiF  REFK B 12h  36mm/h qﬂi@ﬁgf DA ﬁzﬁg};ig
e
20100515 “HFS TR cpnen g 2an 20mmm TSP g e, &
WHRE. Bk A% IX (M %
P KBS 75
S S S R L K ATOAEE. B R
20130418 KM SREA "o n oo PRRESR TMMA ke MRS RS R
WKE. B o
o S A
B UKE . W oo
WU sk Rk e o, UK
20150417 EH. FERT + WK+ P 12h+4h 153mm/h PR UEYRES FA AT
aR K BE
B o R R
20150519 BBy ML REERS v 5n lismmh R RIS )
REW K L sl
K AR

= ol = SRR RN
20160531 E";é%ﬂ;ﬁ?gj; +iﬁ%§%§k E”ig 12h+3h 145mmh  FFERE REDIEES $EE. M2

e

‘ ‘ T R

== ST %, ,\é N % ~ \ T

2mmm42§ﬁ£§£ﬁﬁgfﬁ Fn 1ah 93mmh kg ﬁéﬁ%%éﬁwfﬁﬁgﬁ
32 1))

/\é}ﬁ/\éﬁ

T KB e PR AMARE. BB
20170502 "y %gé%ﬁ s pgg 2ONFSNBmMN bR OIS AT
KRR K

B K. [ o EUAEE. BUERKEUK
20190505 5 HL. AT +X§}/E£%I3;J§k E”?}E 8h+5h 10.2 mm/h &i?éjz A I G & AR Lt
CACTIS L H RRAIE KB

TEW 52K
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Figure 8. Conceptual model of weather scale for heavy precipitation in spring (a) Jet cold front (b) Jet front (c) Low trough
shear convergence (d) Low vortex cyclone
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