A T R R X R TR R R
b

L ES G R R R AT, s, 610072
2. 55 AR R 5O H DU )14 S, S, 610072
W B ASCKH ERAS (0.25°X0.25°) B FEHTER 04T 7K RS sh AR e D s
X e R P R W AR, TR TR T i AR R DR BRE R ST — MR R AR R T
R IR S TH R I S KA G R, S5 IRR I (1) RAIREHE G FEAR 2 A0 IR 2 5
ME{EG R 2 FEE AR A ORBE TR IR s (2) iR fE A A A e D s v rg R 72 (R IR
K EAREHR R LAE R AR IR SR L A B R FRIEAR %A, I RE M RE SRR I AR I e 99
HEREE—RZ OIS, LLRRAEF i AR KRE S . (3D IR RSO AEFE 7 AR
TABEK IV REE S X, I RE S TG P A S R K I B AR R R, — AR LR 7“8
AR M CRIAERT R
Kb  PHRE, RIEEAS, URKEIRE, B
XEHS 20230928
CERARIRAS  doi:10. 3878/ 3. issn. 1006-9895. 2311. 23092
Exploration of the development and evolution mechanism of the Southwest Vortex from a
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Abstract Based on the ERAS5 (0.25° x 0.25°) hourly reanalysis data, this paper analyzes two
different high-impact Southwest Vortex (SWV) processes with long-distance movement and
stagnation over local area. It is suggested that two physical variables, the low- to mid-level
convergence and pseudo-equivalent potential temperature, are the key factors influencing the
development and evolution of the vortex. According to these findings, a vortex development index
is defined in this study. By comparing the vortex development index with the evolution of the

SWV and precipitation, we found that: (1) the vortex development index could indicate the
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development and evolution trend of the intensity and position of the vortex, whether it is a
long-distance moving or a local stationary SWV process. The index could also reveal the
occurrence of other weak closed lows or multi-core vortices during intense vortex events, as well
as the moving mechanism of the SWV. (2) The vortex development index not only indicates the
intensity and coverage area of vortex precipitation but also reflects the coexistence phenomenon
between the SWV and precipitation, thereby providing a possible explanation for both the
"rain-induced vortex" and the "vortex-induced rain" phenomenon. Results of this study suggest the
positive significance of the vortex development index in the forecast of both the precipitation
distribution and the position of the precipitation center of the high-impact SWV heavy rainfall
events.

Key words Southwest Vortex, development and evolution mechanism, vortex development

index, heavy rainfall
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Figure.1 Evolution of 700hPa geopotential height field in the process of "20200711" (unit: gpm)
and the gray shadow is the terrain (unit: m).
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Fig.2 Same as Fig.1, but for the "20200812" process.
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Fig. 3 Vertical profile of the evolution of vorticity (color filling, unit: 10*s) and divergence (black
contour, unit: 10°*s) over time in the central region of the southwest vortex during the process
of "20200711".
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(AT



{a) 18221JUL2015 (b} 21Z21JULZ015 {e) 0OZZ2JULZ2015 (d) 03Z22JUL2015

34N 34N 34N 34N
32N 320 32N 320
. ]
& P
SOM . 30N 4 3DN—DI€m 30N A @
28N 28N | 28N 28N
104E  10BE  10BE  110E 104E 106  108E  110E  10BE_ I10SE 110E  112E 106E 108E  T10E  112E
.. (e) 082220UL2015 () oozzzouLzois .. (g) 12z220UL2015 . (h) 15Z22JUL2015
=) % - -
L]
32N O 32N 32N 32N
30N 300 RELE 30N -
28N o 26N 28N 28N
10BE_ 108E  110E 112E 108E. 10BE 110E  112E 10BE_ 108E 110E  112E 106E 10BE  110E_ 112E
4 (i} 1BZ22J4ULZ015 34N| (D z1z220UL2015 _ ., (k) 00Z23JUL201S ., (1) 06Z23JUL2015
F2N 32N W
30N 30N
7
28N | 28N % a
108E  10BE  110E  112E 105E 10BE 110E  112E 108 110E  112E  114E 108 110E  112E  114E
—__ I [ [ I [ e .
5 10 204 30 40 50 an 100 150 200 Ko™'s™' 15m/5

K12 [AE 10, {HJy “20150721” id#%.
Fig.12 Same as Fig.10, but for the "20150721" process.

6 FZw5iie

X B A SRR S 2D 3l B A R v M Y P i I REREAT 0 AT, R BV R
)R JE AR 5 TR R R A VB A AL TR 2 Tl S8 R ), NN IX M EE & R
Fa i A R I R BERE M R 1, BE T X i M B e ST — MR R 184, R ta
6 AR R R TR HON P R i S K AR R 7R BE 7T, AR BIBL R 48

TR AT AL I R A E D B T R i A, A5 KRR R A AVEH
AR ARG H VIR &R, ARK I IFHAE N R & 5 AT TRHAE B
LI R IR 09 A VAR IR G BN B DR 7, et S N AT A e TR R T LA
7 HE AR 5 P R FR e 3 IR0 Ao A Bl 77 1) B AT T DX AR Rt 35 o I I e I NI 8
FELISIERIZH I RE BRI R G R IE BRI AW A B 4ERF . KR EZ R, i
MRz S I AR RAERE 5| UM A IS, 5] AR AR e DX I8P AR L A /
BG5BTy — M. WIS 22, RIS : PUr A sl A e
AR AR X N s s I BE B . RG . KL

(AT



s & AR Hul I T G BB /A IIAEI ST BRI R G = RE X, AMIBEIR
IR s B /K B 5 K X, IERE S WLV B it 5 B /K 2 T B BLAF A B R,
M EREEE EARRE T “URAERT” A CRIAETR LR 0T U R IR R R AR XA
KA A B TR AT AR AR =S

BIRASCAE Z AN A, &1 3 YRS AL 1) e s i 8 R I MO 3R AT T 43
B, 337 KT V0RO AR — 2 B XS R B2, T 0hr
LR I 2 2R e 2R, SRIEREI PR RGiH, Mk
GHPE Ve BUE UK T RS U7 T 45 LASEA 2870 BT igiik .

SO

WRAL, FhARRS, fISra, 2022, DUIZEHAS [F) % X 0 =k Bkt 72 2 ROBERFIE A AT [T]. s34, 4105):
1190-1208. Chen Shuang, Sun Jisong, He Lifu, 2022. Analysis of Multi-scale Characteristics of Three
Different Types of Heavy Rainfall in Sichuan Basin[J]. Plateau Meteorology, 41(5): 1190-1208.

I 50 1989 I8 5537 1F F 5 T i A sh V25 00T [ 0] = <%, 8(4):301-312. Chen Zhongming .1989. The
preliminary study if effect of environment flow fields on movement of southwest vortex. Plateau Meteorology
8(4):301-312 (in Chinese)

MRAUBE, 2058, [XSCW.1998. —RamFA & Ph r im i e RS M 7B [J]. S5 53, 9(3): 273-282. Chen
Zhongming, Miao Qiang, Min Wenbin.1998. A case analysis on mesoscale structure of severe southwest

vortex.Quarterly Journal of Applied Meteorlolgy, 9(3): 273-282 (in Chinese)

WRAGH, AR R, B3O, 2%.2003.19984F 5L 2P0 B % 3 5 KIT TSR], = BR%, 22(2):162-167. Chen
Zhongming, Xu Maoliang, Min Wenbin, et at.2003. Relationship between Abnormal Activites of Southwest
Vortex and Heavy Rain the Upper Reach of Yangtze River during Summer of 1998[J]. Plateau Meteorology,
22(2):162-167. (in Chinese)

MRz, B FLUE, 2, 2021, “6307 IR R AR b 7 R A A SR AL B T [0]. AR
40(1): 85-97. Deng Chengzhi, Zhao Yu, Kong Fanyou, etal, 2021. A Numerical Simulation Study of the
Southwest Vortex Mechanism during the "6°30" Heavy Rain Event in Sichuan and Chongqing[J]. Plateau
Meteorology, 40(1): 85-97(in Chinese)

Fu SM, Li WL, Sun JH.2015. Universal evolution mecha-nisms and energy conversion characteristics of

long-lived mesoscale vortices over the Sichuan Basin[J]. Atmos Sci Lett, 16(2):127-134

NG, ZEERYG, REREIE.2018. 0 T U4 g b N A AR BORHF) A A — Uk AT SR AR R (IR K BB AU
7. [ARFH, 76 (3) : 343-360.Gao Duming, Li Yueqing, Cheng Xiaolong.2018. A numerical study on a
heavy rainfall caused by an abnormal-path coupling vortex with the assimilation of southwest China vortex
scientific experiment data[J]. Acta Meteorologica Sinica, 76(3): 343-360 (in Chinese)

2P, HREE2018. 78 RE IR M LR R AL HT I R [J]. B W 9 5, 37(4):293-302. Li Guoping, Chen Jia. 2018. New

progresses in the research of heavy rain vortices formed over the southwest China[J]. Torrential Rain and

(AT


http://191.168.1.195/kns55/loginid.aspx?uid=M3dqVHN5RlpGU1B1dDdKa0JEazh6OHkwcE1zS0liMS9OdVhnS000cVp3bUEzTW5s&p=Navi%2FBridge.aspx%3FLinkType%3DBaseLink%26DBCode%3Dcjfq%26TableName%3DCJFQbaseinfo%26Field%3DBaseID%26Value%3DGYQX
http://191.168.1.195/kns55/loginid.aspx?uid=M3dqVHN5RlpGU1B1dDdKa0JEazh6OHkwcE1zS0liMS9OdVhnS000cVp3bUEzTW5s&p=Navi%2FBridge.aspx%3FLinkType%3DBaseLink%26DBCode%3Dcjfq%26TableName%3DCJFQbaseinfo%26Field%3DBaseID%26Value%3DGYQX

Disasters,37(4):293-302 (in Chinese)

ZEERTE, ARFEAE, 2016, TH G IRAT T AR F B A fe (1], RGRHE#E &, 6 (3) : 134-140. Li Yueqging,
Xu Xiangde, 2016. A Review of the Research and Observing Experiment on Southwest China Vortex.
Advances in Meteorological Science and Technology, 6 (3) : 134-140

2RI, 2021 V5 R HRIRIEAT S A SR I]. MRS E, 40(6):1394-1406. LI Yueqing, 2021.New Related
Progress on Researches of the Vortex Source of Southwest China Vortex[J]. Plateau Meteorology,
40(6):1394-1406.

ARG, RO, B8R, 45, 2022, FHRIRAELE (20200 [M]. db5T: Bl H A, 148-149, 154-155. Li Yueqing,
Min Wenbin, Peng Jun, et at.,2022.The Yearbook of Southwest Vortex 2020[M].Science Press, Beijing,
P148-149, P154-155.

A, 42020 1979—20165PU 1 ZHIAR A ) SR AT (0], RAALBE FUHERE, 16 (2): 203-214. Liu C,
Zhao P. 2020. Climatological characteristics of Sichuan Basin vortex during 1979-2016 [J], Climate Change
Research, 16 (2): 203-214 (in Chinese)

FIEAE, 1986, PHRIWAIEIR[M]. dbal: A HRRFE, 57-63.Lu JH. 1986. Introduction to the Southwest
Vortex[M].China Meteorological Press, Beijing, P57-63

FIAE, B /NI 199678 B IR AL B FIRI 0 4 W (0] B E B LR B 244K, 11(1~2):40-49. Lu JH, Lei XT .1996.
Preliminary analysis of movement of southwest vortex. Journal of Chengdu Institute of Meteorology
11(1~2):40-49 (in Chinese)

FERE, ZEERTE, KBHEMG,  SF.2014. 52 Wt R R R 0 B K I PE RS W 0 M AN BUE B ]. R R A,
33(6):1457-146 . Lu Ping, Li Yueqing, Zheng Weipeng .2014. The analysis and numerical simulation of the
southwest vortex on continuous heavy rain processes in Southern China. Plateau Meteorology
33(6):1457-1466 (in Chinese).

PR, RN, ZEIE, SE. 2016, A [AIINE PR LN BORLGS PG R e 2 M R U AR BUE B R (] KR
2%, 40 (4): 730—742. Lu Ping, Li Xu, Li Ying, et al. 2016. The influence of spatially intensive sounding
observation data on the numerical modeling of southwest vortex rainfall [J]. Chinese Journal of Atmospheric
Sciences, 40 (4): 730—742 (in Chinese)

Ping Lu,Weipeng Zheng,Yueqing Li.2020.Comparison of the movement and vertical structures of two types of the
southwest vortex[J]. Meteorology and Atmospheric Physics, 132:571-581

P, ZEERTE. 2021, B9 E|F iR R0 7 e I ) BUE R[], KRR, 45(4): 851-862.  Lu Ping, Li
Yueqing. 2021. Simulation of Effect of Subtropical High Enhancement on Southwest Vortex [J]. Chinese
Journal of Atmospheric Sciences (in Chinese)

S, A, EF, S, 2018. 1979-2016 4FE 2= B iR IE B0 &5 KR R [I] KRR R,
41(2):198-206. Ma X D, Zhi X F, Wang J, et al. 2018. Analysis of the Southwest Vortex activities in summer
and their relationship with precipitation during the period of 1979—2016[J]. Trans Atmos Sci, 41(2) : 198-206

(in Chinese)
[T


http://191.168.1.195/kns55/loginid.aspx?uid=M3dqVHN5RlpGU1B1dDdKa0JEazh6OHkwcE1zS0liMS9OdVhnS000cVp3bUEzTW5s&p=Navi%2FBridge.aspx%3FLinkType%3DBaseLink%26DBCode%3Dcjfq%26TableName%3DCJFQbaseinfo%26Field%3DBaseID%26Value%3DCDQX
http://191.168.1.195/kns55/loginid.aspx?uid=aWNZOFc5aFlzaU1uUXppaTRjQUpLVmVhZndpKzdIa0phem11Tll6cEpMUUVXQXpG&p=Navi%2FBridge.aspx%3FLinkType%3DBaseLink%26DBCode%3Dcjfq%26TableName%3DCJFQbaseinfo%26Field%3DBaseID%26Value%3DGYQX

BER, ZE[EF 201352 A TS 7 R b A ORI B0 520 (4 (i 1 6 7 BT (0] BT B AR 22 e 24
28(6):241-248. Mu Ling, Li Guoping. 2013. Numerical experiments analysis of impact of complex terrain on
generation and move of southwest vortex [J]. Journal of Chengdu University of Information Technology, 28

(3): 241-248 (in Chinese)

Ni CC, Li GP, Xiong XZ .2017. Analysis of a vortex precipitation event over Southwest China using AIRS and in

situ measurements[J]. Advances in Atmospheric Sciences (4):559-570 (in Chinese)

JETH, ZEERTH, 2021, VHR IR LRI = 4EFR RSN D S MRFET]. SRR, 40(6): 1497-1512. Qu Ding,
Li Yueqing, 2021. Characteristics of the Three-Dimensional Circulation and Dynamic Structure of Jiulong
Vortex of Southwest China Vortex[J]. Plateau Meteorology, 40(6):1497-1512 (in Chinese)

Wang Qiwei, Tan Zhemin. 2014. Multi-scale topographic control of southwest vortex formation in Tibetan Plateau

region in an idealized simulation [J]. J. Geophys. Res. Atmos., 119 (20): 11543-11561

F&E, M5, TH.2015. 708 Wi SEHE R 0T[5 %R, 35(2): 133-139. Wang Jinhu, Li Dongliang,
Wang Ying. 2015. Characteristics reanalysis on Southwest vortex[J]. Journal of the Meteorological Sciences,
35(2) : 133-139 (in Chinese)

T E A, 0D Bk 1999, 4 7Y 2 i P 0 7 REAVBLARHR BE R R [J]. AR5k, 57(1):1-4. Wu Guoxiong, Liu
Huanzhu.1999.Complete form of vertical vorticity tendency equation and slantwise vorticity development[J].
Acta Meteorologica Sinica, 57(1):1-4 (in Chinese)

R V. 2003 . 1 725 S50IAL FR 0 588 068 3% JE 1 e o e B R R A4 55 1A 1 P (0] A V0K 27 22 B S i, 30(1) -
98-102. Xu Yamei.2003.Effect of low-level jet’s enhancement on the development and stable maintenance of
deep southwest-vortex[J].Journal of Zhejiang University(Science Edition), 30(1):98-102 (in Chinese)

KI5, wKITHE, FLI, 55.2022.2018 4E 5 7 21 H DY) Z bl i R w0 A o RUBE RSER AN F94 A 22 20 BT (0] <
%, 48(6): 691-704.Zhang Fang, Zhang Fanghua, Kong Qi, et al., 2022. Mesoscale mechanisms and forecast
bias of the extreme rainstorm in Sichuan Basin on 21 May 2018[J].Meteor Mon, 48(6): 691-704(in Chinese)

BT, ANVBGE . 1991.— IR PE R IR Y SO FE R EUE IR AS T (—) — %30 774 FANTE P X 7 me T s Tl
FI BRI 5T L 34T [1]. RS RE 2, 15(6): 46-52. Zhao Ping, Sun Shuging.1991.Numerical simulation and
diagnosis of the formation of SW Vortex [ :an analysis of numerical simulation of the effects of topography
and latent heat on SW Vortex[J]. 15(6):46-52 (in Chinese)

Zhong Rui, Zhong Lin-Hao, Hua Li-Juan, et al., 2014.A Climatology of the Southwest Vortex during

1979-2008[J]. Atmospheric and Oceanic Science Letters,(6):577-583

KR, AAME, Rt 2002, WBALRSTIEFA N IRIIKED]. TR, 60(3): 343-351. Zhu He, Deng
Beisheng, Wu Hong. 2002. The development of southwest vortex in conservation of moist potential vorticity

[J]. Acta Meteor. Sinica (in Chinese), 60 (3): 343-351 (in Chinese)
A, BRASET.2000. — IR TEE R K AER B H REZSE . RS, 192):141-149. Zou Bo, Chen

Zhongming.2000.Mesoscale analysis on the formation and development of Southwest Vortex during 8~10

(AT



July 1989[J]. Plateau Meteorology, 19(2):141-149 (in Chinese)

(AT



