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Abstract Based on multi-source observations, reanalysis and convection-resolving model forecast
data, the characteristics and formation mechanism of the sudden rainstorm process in Mianning
of Sichuan province on June 26, 2020 were analyzed by using physical quantity diagnosis,
standardized anomaly analysis, comparison with similar processes. Results were as follows: (1)
The process was a local sudden rainstorm process with several banded meso—Yy convective systems
and extreme hourly precipitation, which generated by the “train effect” . The center of convective
echoes was low, and the convective cloud clusters had the characteristics of mesoscale convective

complex. (2) The surface convergence and uplift, formed by the outflow of convective cold pool
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in the northern part of Mianning and the strong southerly wind in valley, constituted to the
convection triggering. (3) The southerly low-level flow in Southwest Sichuan had the
characteristics of phased enhancement, and provided continuous warm and moist air transportation.
Its interaction with the downhill cold pool in the early stage of the process and confluence with
the southward cold air from western basin at the later stage of process, caused convective cells
were repeatedly triggered on the west and south side of Mianning station, and generated the “train
effect” in downstream areas. (4) Compared with similar process in history, the physical quantities
such as convective effective potential energy of environmental atmosphere had more significant
anomalies and persistence of anomalies. (5) The high-altitude terrain in the northern part of
Southwest Sichuan has a significant effect on delaying the entry of cold air into Anning river
valley and maintaining unstable stratification in the valley. The forcing uplift of the terrain
in this area formed a potential convection triggering condition in upstream areas of the river
valley. Finally, the conceptual model of the formation mechanism of this rainstorm process was
presented.

Key words Mountain torrent, Sudden rainstorm, Train effect, Cold pool, Vapor conveyor belt
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Fig. 1 (a) 24-h precipitation in Liangshan (dot; unit: mm, similarly hereinafter) at 08:00 on
June 27, 2020, sum of monthly mean precipitation in June and July (isoline), and terrain height
(shaded; unit: m; box indicates the area of concern, similarly hereinafter); (b) terrain
distribution of Mianning; (c) hourly (column) and accumulative precipitation (line) at Mianning,

Hui’ an, Caogu and Lingshan temple from 16:00 on 26 to 03:00 on 27
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Fig. 2 (a) 500 hPa geopotential height (black isoline), 700 hPa wind (arrow), PWAT (green shaded),
200 hPa wind speed (blue shaded), sea level pressure (red isoline) and the values of high and
low centers at 14:00 on June 26, 2020; (b) 200hPa geopotential (solid line; unit: m*s™), divergence
(shaded: unit: 10° s™), 500-700 hPa vertical wind shear (=12 m/s; dashed line), and 700 hPa wind
(barb; unit: m/s; “S%” indicates the location of Mianning station, similarly hereinafter); (c)
T-1nP chart of Xichang station at 20:00 on 26
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Fig. 3 TBB (shaded; unit: °C) and hourly precipitation (=20 mm; dot) at 16:00 (a), 19:00 (b),
22:00 (c) on June 26 and 01:00 (d) on June 27, 2020
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Fig. 4 1.5 degree elevation angle REF at 17:00 (a), 19:00 (b), and 22:00 (c) on June 26, 2020
(unit: dBz; “+” and “M” indicate the location of Mianning and Lingshan temple station respectively,

straight line indicates the cross—section line); (d) vertical profile of REF on straight line
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Fig. 5 CREF (=35 dBz; isoline), hourly precipitation (dot), terrain height (shaded; triangle
indicates the location of Mianning station, similarly hereinafter) at 18:00 (a), 21:00 (b) on
June 26 and 00:00 (¢) on June 27, 2020
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Fig. 6 CLDAS analysis on June 26, 2020: (a) Surface wind (barb), temperature (shaded; unit: C,
similarly hereinafter), and 1 h temperature change (isoline) at 17:00; (b) Surface flows
(streamline) at 17:00 and terrain height (shaded); temperature difference from the meridional
mean temperature (isoline), surface wind (barb; automatic station) at 17:00 (¢) and 23:00 (d),
and terrain height (shaded)
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Fig. 7 5-minute precipitation (PRE 5min), 15-minute allobaric (PRS 15min; unit: hPa), surface
temperature (TEM), surface temperature at the same time on 25 (TEM L), surface mean temperature
at the same time in the past ten days (TEM M), and hourly cloud cover (CLO_COV) in Mianning (a),
Ganluo (b), Shimian (c) and Lingshan temple (d) from 14:00 to 22:00 on 26

5.2 R=EWRESRAER

J5T ERAS FN=4EHik REF BEklorAT, 45 EIR: 26 H 18 BHMEA MALEAE X HILIE
Zo T DU X, 1A% 344 K PA by B ub AR A X, 650 hPa LR =k 52 rd KA il
Hrp 650-700 hPa XUEATIA 12 m/s; M 27° N & 29° N, ¥gkEEREIE 2 kn, W4 B
Hh T 0] i B SR SR AR E s B T AGES A L DLALH XA AE R Gt 30 /46 F+, 1M REF (15
AELASE 2 L R AR X PRI R N, X R B I 9t K S R 6T S B 30 o 9 Pk R A B 5
(Bl 8a)e —J7TH, NIVERGIRA e SR RZKIRBE EHIE 1 B RSt 155 T 35X
R H (K 8b), 16 Bf#E, 650-700 hPa fk g I KI5 S RFIER I KGRI K KU ik 5)
FRraligE Ly, HrPARA TR M 19 A1 23 I P GE BIWAE . ZEBEE], 500 hPa B/
RS NRES, RIZAFERRRIRRIE. Rk, (K2R ST AR08 J2 45 10 R J8 i
YERF R T RBERIIEA

RIS i R AR YR E NP CRIFR D BIZKVRE 5 I — 8045, 12K IR

10



T b W N -

O 00 )]

10
11
12
13
14

15

16

17
18
19
20

21

22
23

IR HEN VR X R B e R B 0 RIS, Horh SR N AR SN BE AN FI AR, 53— 3
LU I M RN RR X (] 9a) . B 73 DL ) 20 SOKIREIR A5 70 07E 18 I A 21 I Ji5 H
L B MRS S A, 5 S P B R AL SRR & X AR LM AL A2 18 M A% . LL 14 B 700
hPa KRR (IS AL [ BLIR S 2 18, B8 7 3h LU PR 20 SOKIRBmIE T RREEZ) 9 h, 700

hPa LLIRIA 13-14 g/kg, H RMEX AR HILAE 28.3° N-28.8° N[tz (& 9b).

(a)

273

27.7

284

28.7

29.0

2R

2612 2616 2620 2700 2704 2708 2712

5

10 15

20

25 30 35 40 45 50 55 60 65

8 (a) 26 H 18 W B 6a FLE EHIH X (AT, Bl frin (Se2k: i K, TEHEE (<-0.2Pa/s;
REZE). 3D-REF (M) FhIE COKBIHED; (b) 26 H 12 K-27 H 12 BF& 785 REL ). 1RE (%
4 AHUE A Hifi: 107 s
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Fig. 10 The comparison of environmental atmosphere features between “6.26” (a, c, e) and “7.14”
(b, d, f) torrential rain: CAPE (isoline; unit: J/kg) at 18:00 on 26 (a) and 14:00 on 14, Vertical
Integral of Divergence of Moisture Flux (VIDMF: isoline; unit: 10" kg m”s™) at 23:00 on 26 (c)
and 16:00 on 14, Vertical Integral of Northward Moisture Flux (VINMF; isoline; unit: kg m's')
at 18:00 on 26 (e) and 14:00 on 14 (f), the shaded indicates the standardized anomaly of CAPE,
VIDMF and VINMF respectively, the barb indicates 700 hPa wind, the line chart indicates changes
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climate state, on single point (corresponding to “O”)
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