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Abstract Using ground station observation data, ERAS reanalysis data, and GPCP global precipitation data, this paper
takes the regional heavy rainstorm caused by the coupling of the Qinghai—Xizang Plateau vortex and the Southwest China
vortex on June 4-7, 2019, as an example to diagnose and analyze the coupling characteristics and formation mechanism of
precipitation. The results show that (1) the weather process was caused by the combined action of the Qinghai—Xizang
Plateau vortex and the Southwest China vortex, and the precipitation developed explosively from night to early morning.
On June 4, the two vortices produced precipitation centers in the northwest and southwest, respectively, and the
precipitation was located in the rear of the Qinghai—Xizang Plateau vortex and the center of the Southwest China vortex.
The two vortices were coupled in the early morning of June 5-6, and the precipitation shifted to the front of the vortex,
strengthening to its peak. The center of the heavy rainstorm was north of Hubei Province. On the night of 6, the two
vortices moved eastward toward the sea, and the precipitation area disappeared on land. (2) During the evolution of the
two vortices, when the plateau vortex moved eastward from the plateau, the divergence term and the vertical transport
term enhanced the positive vorticity of the basin. At the same time, as the low-level convergence configuration
strengthened, the southwest vortex was further induced to develop in the basin, and precipitation occurred in both vortex
regions, providing a key dynamic condition for the subsequent coupling of heavy rain. (3) During the coupling
development, the centers of the two cyclones at different heights merged to form a deep convective system, which
generated strong positive vorticity columns and strong convective instability, accompanied by vertical upward motion and
secondary circulation development. The southwest monsoon and the southerly airflow outside the subtropical high
transported abundant water vapor to the front of the vortex, and under the synergistic effect of deep shear convergence and

strong dynamic uplift, this process eventually led to heavy rain.
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Fig. 1 (a) Moving paths of the Qinghai—Xizang Plateau vortex and the Southwest China vortex from 0800 BJT on June 2 to 2000 BJT on June 7,
2019 (the black spot is the center of the Qinghai—Xizang Plateau vortex, the red circle is the center of the Southwest China vortex., the coarse gray
profile represents the plateau area with an altitude of more than 3000 m), and (b) the time variation in the 1°X 1° area-averaged potential vorticity near
the two vortex centers (broken line, units: PVU, 1 PVU = 10 ° km® s~ kgfl; the black frame area indicates the stage when the Qinghai—Xizang Plateau

vortex leaves the plateau, and the red frame area is the Qinghai—Xizang Plateau vortex induced by the Southwest China vortex stage).
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Fig. 2 Geopotential height fields (units: dagpm) at 500 hPa (black solid line) and 700 hPa (red solid line) and daily precipitation distribution (the

shadow represents GPCP precipitation, units: mm) from June 4 to 7, 2019. The dots indicate the precipitation grade of the stations. The circle, triangle,

and star are the locations of Kangxian station in Gansu Province, Lezhi station in Sichuan Province, and Dawu station in Hubei Province, respectively.
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Fig. 5 Longitude—altitude cross sections of the mean relative vorticity (black line, units: 107 sfl) and mean divergence (fill color, unit: 107 s7") in the

30°-36°N latitude band from June 4 to June 5, 2019: (a) 0800 BJT June 4; (b) 1400 BJT June 4; (c) 2000 BJT June 4; (d) 0200 BJT June 5. The gray

shadow area is the topographic height.
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Fig. 6 Distribution of the 700 hPa vorticity equation (color filling, units: 107 572), geopotential height (black dotted line, units: dagpm) and wind field

(vector, units: m sﬁl) from 1400 BJT on June 4 to 0200 BJT on June 5, 2019, and the average geopotential height at 500 hPa (blue solid line, units:

dagpm): (a) the relative vorticity advection term; (b) the horizontal divergence term; (c) the tilt term; (d) the vertical transport term. The gray shadow is

the plateau area with altitude greater than 3000 m, and the red box in Fig. (a) is the selection of the vortex region in Fig. 7.
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Fig. 7 Time-height cross sections of the averaged vorticity equation (units:

10*s7%) in the Qinghai—Xizang Plateau vortex and the Southwest China

vortex region: (a) Vorticity variation term (shadow), horizontal divergence term (black line), and vertical transport term (blue line); (b) vorticity

variation term (shadow), tilt term (black line), and relative vorticity advection term (blue line).
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Fig. 8 (a) Coupling stage path of the Southwest China vortex and the Qinghai—Xizang Plateau vortex (the red solid line is the Southwest China vortex

path, the black solid line is the Qinghai—Xizang Plateau vortex path) and (b—e) the longitude—altitude cross sections of the relative vorticity (fill color,

units: 107 sfl) and vertical velocity (black line, units: Pa sﬁl) along the medium-coarse imaginary line 4B in Fig. (a) from 0800 BJT to 2000 BJT on

June 5, 2019. The black area is the terrain.
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Fig. 9 Longitude-altitude cross sections of average pseudo-equivalent potential temperature (black line, units: K), potential vorticity (fill color, units:

10°s™"), and synthetic wind field (blue vector, vertical wind speed: =5 Pa s, zonal wind speed: ms ') along the transect connecting the centers of the

two vortices during the vortex-coupling stage from 0800 BJT to 2000 BJT on June 5, 2019.

TR IRPRTIE F,  R W X IR AL T IR A
EFIX I
54 WBEERE

AR VR X 35l P K T o A - G R TR TR R 1
PR, RN 7RI OK 2 W AL, A SO
BT IR S EARMMEEE (B 1D, P
B, mBERERE LTS, HEABERE. 6 A
4 H, mEREROCHZREMEENEET,
500 hPa A% % vy B, 75 17 V4 g 0% 70 280 1B 2B 1
Vi 2 PR ok v B e ) AR, RS 1 R e X3
Bk AKVR, 5B SRR S A VG R T A A R R
W. BEJG 6 A5 H, 500 hPa A4 AR LR, I
5 700 hPa (RFEAMHAEE T E A, Wik AEREBSA,
WoRsRFIMEE F sz, BRI ARG, i
Z5 X Bl R R A L AR B R E A, fdm i
AITE R R AT, MR R iR R, 3 —

AiRE T RKRE. BRI HTRY], R
JER SRR R RS, EEEMAEET R
FHIgon, ME TIRBERSIEaT], JfiEE 5K
VOBTERI P RIBCE, (2R 1 R DXk K2R W

gi b, W IR A R R T 9 A IR AT
(7 IS BB ARG o B0 5 2 0 3 B b, DA )
FRE TR ULIEE, IR XK B R e it T
ARSI EWIRISE KRR, AR O
e BLS IR X AN A7,  RIH 2  R AR E
JRESRHIE, XN RGYER R, X UG R it
TXRAREE A RN, 7R RS R w2 )R
EINRLVE R R (KR 2 R A, BC A T i
RIRE A AR HT, 7P AR A DD AR A A DX A 5 2
KRS, BJZ KK A X K2 R 52
BT REERIKIERAT, e R E T WIS
SR BRI R o



xR B ¥ 50 %
1044 Chinese Journal of Atmospheric Sciences Vol. 50

(2)2019-06-04 2000 BJT (b)2019-06-04_2000 BJT

2 « . x
I A A S R |

LA k-ﬁ’\'j AR N N ]
I -

A arrr T AT ,
joon TR . .
(¢)2019-06-05 2000 BJT

20°N - T g Ny >
7

700

20°N - 4 A A ~"xj§\ss<-4—4—4—<—4 800
A7 777 NX ¥« s cccccecs 900
16°N += e Nt — ; 1000 .
80°E 90°E 100°E 110°E 120°E 130°E 140°E 100°E 102°E 104°E 106°E 108°E 110°E 112°E 114°E 116°E 118°E 120°E
40kg;)‘1 st
-18 -16 -14 -12 -10 -8 -6 -4 104kgm?s! 50% 60% 70% 80% 90% 100%

B10 201946 H (a, b) 4 H20 WA (¢, d) 5H20HEZRAM (a, o) KFUBE (RE, B4: 10kgm s RUKFUBEEUE
(B, A 10 kgm ™ s™) 40 ORGPZRNIEE KT 2500 m XD, BLE (b, &) HOHEE (D, EE (o, $
fir: °C) MZIM—RERE (EERE: —10Pas™, ArR: ms D MHIHEH CRGREAMIY, #aRMASFRRVE, 26=fNrkE
WAL E D,

Fig. 10 (a, c) Distribution of water vapor flux (vector, units: 10 kg m' sfl) and water vapor flux divergence (shadow, units: 10 kg m? sﬁl) in the
entire atmosphere, as well as (b, d) the cross section of relative humidity (fill color), temperature (red line, units: °C), and zonal-vertical wind speed
(vertical wind speed: —10 Pa s ', zonal wind speed: m sfl) at (a, b) 2000 BJT on June 4, 2019 and (c, d) 2000 BJT on June 5, 2019. The gray shadow
area is the area with altitude greater than 2500 m in Figs. (a, ¢); the black shadow is terrain height, the blue dot is plateau vortex position, and the red

triangle is the southwest vortex position in Figs. (b, d).
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