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Abstract: Using hourly precipitation, radar, FY-4A satellite and other observational data, and ERA5S
hourly reanalysis data, this paper analyzes the mesoscale characteristics, moisture and circulation anoma-
lies of the large-scale regional torrential rain process in the Qinling and Daba Mountains on 23 April 2021.
The results showed that the heavy rain occurred in a large area, and the precipitation at many stations
broke through the historical extreme values. Meanwhile abrupt extreme torrential rain attacked the Daba
Mountains. At 500 hPa, the abnormal “high in the east and low in the west” circulation situation over the
Qinling and Daba Mountainous area increased the pressure gradient between Shaanxi and the western Qing-
hai-Tibet Plateau, causing the mid-level westerly airflow to have increased. At the same time, the super-
imposition of the mid- and low-level multi-scale weather systems provided the background dynamic condi-

tion for the torrential rain. The southeast airflow in front of the southwest vortex and the easterly wind on
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the north side formed a shear line that caused the convergence ascending motion of the environmental field
while the other side transported the water vapor brought by the southwesterly airflow and the southerly
airflow to the Qinling and Daba Mountains to converge. The circulation associated with the long-distance
typhoon and the northeast cold vortex activity in the same period caused the abnormal water vapor trans-
portation (30%) of the northeast path to be the unique source of water vapor for this torrential rain
process. Compared with the same period in history, the specific humidity on the water vapor path of the
south passage and the northeast passage was abnormally positive, indicating that there was abundant water
vapor during the torrential rain period. The torrential rain process was mainly caused by the activity of a
mesoscale convective system (MCS) in front of the southwest vortex. The topographical uplift of the
windward slope of the Daba Mountains and the convergent ascending of the southerly airflow in the envi-
ronmental field were superimposed. Sufficient water vapor at the lower level was transported vertically to
the upper level by strong ascending motion, with strong convective activity, severe hourly rainfall and
strong abruptness. However in the Qinling Mountains, the easterly wind converged and rose in front of
the mountain, and the ascending movement of the environment field with southwestern airflow in the mid-
dle layer was weaker than that in the Daba Mountainous area during the severe precipitation period, and
was dominated by stratiform precipitation. But the severe precipitation lasted for a long time, so the accu-
mulated precipitation was a lot. In a word, multi-scale system interactions, abnormal water vapor trans-
port combined with topographical influence under abnormal circulation conditions are the main reasons for
the occurrence of this torrential rain process in the Qinling and Daba Mountains.

Key words: Qinling and Daba Mountains, mountain torrential rain, multi-scale interaction, abnormal water

vapor transport
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Fig. 1

Precipitation from 08:00 BT 23 to 08:00 BT 24 April 2021

(a) 24 h accumulated rainfall, (b) distribution of stations with 24 h accumulated rainfall exceeding
historical extremes (shadow: topography height), (¢, d) evolution of hourly rainfall at (¢) Wuyjianfangcun
Station in Fushun County of Sichuan and (d) Shilipu Street Station in Shanyang County of Shaanxi
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Fig. 2 The weather situation at (a, b, ¢, d, e) 08:00 BT and (f) 14:00 BT 23 April 2021
(a) 500 hPa wind field (barb, unit; m « s*') and geopotential height field (green line, unit: dagpm),
(b) sea level pressure field (unit; hPa), (¢) 700 hPa wind field, (d) 850 hPa wind field
(barb, unit; m+ s ') and relative humidity (colored), (e) meridional vertical cross-section of
relative humidity (light blue shadow), equivalent potential temperature (purple line, unit: K)
for v and w along 109°E of (thick black line: the hillside area of Daba Mountain) ,
(f) same as Fig. 2e, but at 14:00 BT along 110°E (thick black line: the Hanshui River Valley Area)

(The red or black solid lines in Figs. 2a—2d are the provincial boundaries of Shaanxi Province)
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(a) MCS trajectory tracking (shadow: terrain height), (b) hourly minimum TBB, effective radius,

and eccentricity change of the MCS, (c¢—1{) TBB distribution at different times
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(shadow: terrain height, same below)
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(a, b) Distribution of hourly precipitation, (c, d) vertical movement and specific humidity

(colored) ; (c¢) along 32°N u and w composite flow field (vector, unit: m« s '),

(d) along 107. 5°E v and w composite flow field (vector, unit; m+ s ') on 23 April 2021
(a, ¢) 07:00 BT, (b, d) 09:00 BT
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Fig. 6

(a, b) Hourly precipitation at (a) 16:00 BT and (b) 18.00 BT, (c¢) the 850 hPa low-level jet at 14:00 BT,

(d) the 925 hPa boundary layer jet at 14:00 BT, (e, f) the flow field (vector, unit; m s ')

in the cross-sections of u and w and specific humidity vertical distribution (colored) along

the dashed line in (e) Fig. 6a and () Fig. 6b respectively. on 23 April 2021
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Fig. 7 (a) The 500 hPa average geopotential height anomaly (colored) and wind field anomaly (barb, unit: m s '),

(b) 850 hPa average geopotential height anomaly (colored) and wind field anomaly (barb, red line: wind

speed anomaly, unit:m * s ') and (¢) 850 hPa specific humidity anomaly at 08:00 BT 23 April 2021
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Fig. 8 Water vapor transport trajectory cluster channel analysis for (a) the torrential rain process
in 23—24 April 2021 and (b) the average climate state during the same period from 1982 to 2021

(The upper and lower figures indicate the percentage of water vapor in

the channel, the number of channel trajectories percentage, respectively)
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