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Causes Analysis of Severe Torrential Rain Inducing the Landslide
in Shuicheng of Guizhou Province on 23 July 2019
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Abstract: Based on the precipitation data from China Meteorological Administration, ERA5 (the fifth gen-
eration of European Centre for Medium-Range Weather Forecasts Reanalysis) reanalysis data and the TBB
(black-body temperature) data from FY-4A, the factors for the severe torrential rain causing landslide on
23 July 2019 were investigated. The results are as follows. The heaviest precipitation at 22:00 BT was
caused by the convective cloud belt with TBB below —82C. The synoptic systems were 750—700 hPa low
trough and the cold front in the north of Sichuan Basin. Before the torrential rain, the cold front in the
north of Sichuan Basin drove the air with large energy to flow from the basin to northwestern Guizhou.
With the development of southern airflow in the south of Jichang Town, Shuicheng County of Guizhou
Province, sufficient water vapor conditions were provided for the occurrence of the severe rainstorm.
Meanwhile, the enhancement of warm and humid airflow made the convective instability in the lower layer

of Jichang Town increase. At the beginning of the precipitation period (20:00 BT 22 July), the upward
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movement was mainly below 700 hPa, which was related to the influence of the easterly airflow that en-

countered the topographic obstruction and climbed along the slope of the terrain at Jichang Town. As the

synoptic-scale cyclonic circulation extended into Guizhou Province, widespread precipitation occurred only

in the narrow zones of the cyclonic circulation. After Barnes band-pass filter analysis, it is found that there

were a number of small-scale cyclones and anticyclones in the synoptic-scale cyclonic flow field, and two

small cyclone circulation on the west side of Jichang Town. The strong convergence zone on the north side

of them was just the severe precipitation zone. At the same time, Jichang Town was also located in a

small-scale saddle-shaped field region, which was obviously favorable for the convergence at low and mid-

dle levels, superimposed to the topographic upward motion. Therefore, the sudden severe torrential rain,

resulting in the formation of landslides.
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filter response function)
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(Blue dot represents the disaster spot; red dots represent the regional stations with 24 h accumulated

precipitation exceeding 100 mm in Shuicheng from 08:00 BT 22 to 08.:00 BT 23 July 2019)
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(a) Hourly precipitation (black bar) and accumualted precipitation

at the R8266 Regional Station in Shuicheng from 1 to 24 July 2019 (blue solid line:

accumulated precipitation calculated from 00:00 BT 1 July, red dotted

line: accumulated precipitation calculated from 00;00 BT 13 July), and
(b) hourly precipitation from 17:00 BT 22 to 06:00 BT 23 July 2019
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(Dash line with arrow represents the air with large energy flow from the basin to Jichang Town in Fig. 7d)
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Fig. 8 (a) Daily average 500 hPa stream field, geopotential height (blue line, unit: dagpm) and

temperature field (colored, unit; ‘C), (b) 700 hPa stream field, geopotential height (blue line,

unit: dagpm) and specific humidity field (colored, unit: g » kg '), and (¢) entire layer

water vapor flux (arrow, unit: kg « m~

(colored, unit; 107" kg * m % « s') on 22 July 2019
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Fig. 9 Stream field and hourly precipitation (dots, unit: mm) at (a, ¢) 700 hPa and (b, d) 750 hPa at (a, b) 20.00 BT

and (c, d) 22:00 BT 22 July 2019; (e) wind and hourly precipitation at 800 hPa (dots,
unit: mm) at 20:00 BT and (f) stream field at 750 hPa after Barnes filtering and
hourly precipitation (dots, unit; mm) at 22:00 BT 22 July 2019

(Red boxes represent disaster sites and its near area; black solid line represents shear line in Fig. 9e)
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Fig. 10 Time-height cross-sections of (a) water vapor flux (colored, unit; kg *+ cm ' « 57! « hPa '),

horizontal wind (wind bar), potential pseudo-equivalent temperature (white line, unit; K) and

vorticity (green line, unit: 107" s~'), (b) divergence field (colored, unit: 107" s~ ') and
vertical velocity (black line, w<{—0.1 Pa+ s '), and (¢) relative humidity (colored, unit: %),
specific humidity (black line, unit; g+ kg~ ') and revised convection stability index (red line,

unit; C) at Jichang Town from 08:00 BT 22 to 07:00 BT 23 July 2019
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