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Abstract: The mesoscale characteristics of a local short-time severe convective rainstorm that occurred at
the eastern foot of Helan Mountains in Ningxia in August 2019 are analyzed based on the data from Hima-
wari-8 satellite, C-band Doppler radar, ERA5 hourly reanalysis, automatic weather station and conven-
tional observation data. The results show that the southerly jet at 700 hPa, which was formed 6 h before
the rainstorm and strengthened at night, contributed to the high temperature, the high humidity, the en-

hancement of atmospheric instability and the dynamic and thermal uplift mechanisms in the lower layers of
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the rainstorm area. It also helped mesoscale ground convergence line to trigger the meso- scale convective
system in the eastern slope of Helan Mountains and strengthen it into meso-a scale convective system,
leading to the generation and development of the severe convective rainstorm eventually. The rainstorm oc-
curred in the front-left of jet axis at 700 hPa, the high humidity area with water vapor flux =6 g+ cm™" -
s '« hPa ' at 700 hPa and specific humidity =12 g « kg ' at 850 hPa, the high energy area with convec-
tive available potential energy (CAPE) >=1500 J « kg ', the high temperature area with 0,>>346 K at
850 hPa, the vertical upwarding area with central intensity <C—1.2 Pa + s~ ! at 800 hPa, and the front of
cold cloud where the large gradient (G) of radiation brightness temperature (TBB) occurred. During the
heaviest rainfall period, the jet axis was closest to the rainstorm area, the TBB << —66C, G =271C -
km™', the radar echo intensity (Z) >>65 dBz, the echo heights (H) =10 km, the vertical integrated liquid
water (VIL) >=11 kg * m %, and the area of the cold cloud below —52C was about 1/5 of mesoscale con-
vective complex. The lower the TBB, the large the G, the higher the cooling rate and the more the hourly
precipitation. The minimum TBB, the maximum G, the leap of Z and VIL, and the increase of echo height
appeared 10— 20 min earlier than the maximum rainfall, and the mesoscale ground convergence line ap-
peared 30 min earlier than the rainfall.

Key words: convective rainstorm, mesoscale convective system, radiation TBB gradient, low-level jet
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Fig. 1 Accumulated rainfall during the rainstorm at the eastern foot of Helan Mountains on 2 August 2019

(a) 19:00 BT to 23:00 BT, (b) 19:00 BT to 20:00 BT, (¢) 20:00 BT to 21:00 BT,
(d) 21.00 BT to 22:00 BT, (e) 22.00 BT to 23:00 BT

(Hollow circles indicate the centers of the rainstorm or strongest hourly rainfall)
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Table 1 Statistics of the rainstorm at the eastern foot of Helan Mountains on 2 August 2019
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Fig.2 (a, b) Distribution of water vapor flux convergence (shadow, unit; g+ cm * + s ' » hPa ') and flow field
(streamline) at (a) 700 hPa and (b) 850 hPa at 19:00 BT, (c, d) distribution of water vapor flux (shadow,
unit; g+ cm ' ¢ s '« hPa ') and wind field (vector, black lines: wind speed
>12m-e+s 'and =10 m =+ s ') at (¢) 700 hPa and (d) 850 hPa at 23.:00 BT 2 August 2019,
(e) spatio-temporal section of relative humidity —60% (shadow) and specific humidity (black line, unit; g« kg™!)
along the center of rainstorm from 08.:00 BT 2 to 02:00 BT 3 August 2019

(Black rectangles represent rainstorm area in Figs. 2a—2d, pymy indicates rainstorm period in Fig. 2¢)
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Table 2 Comparison of convective parameters at Yinchuan Station before and during the rainstorm on 2 August 2019

HfE]/BT  CAPE/CJ kg ') CIN/CJ+kg™ 1 K/C LI/ C SI/C Wy/(me+s ') ZH/m LFC/hPa
08:00 318.9 231.3 37 —1.2 —1.0 0.6 4863 567
20:00 1569. 1 38.9 45 —5.7 —4.5 1.2 4766 724

T ZH RRFEZ .
Note: ZH represents 0 C level height.
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(a) Spatial-temporal section of 6. (black line, unit: K), updraft (shadow) and wind field

(GRE L HA:KD
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Fig. 3
(barb) along the center of rainstorm (Nuanquan Farm) from 08.00 BT 2 to 02:00 BT

3 August 2019, (b) evolution of the ground convergence line from 18.50 BT 2 to 21:05 BT 2,
and the wind field (barb) of automatic weather stations at 19:25 BT 2 August 2019

(ummm indicates rainstorm period in Fig. 3a, . and , __, indicate ground convergence lines in Fig. 3b)

B4 2019 4F 8 J1 2 H (a,e)19:01,(b.1)19:35,(c.g)19:47 I (d.h)20:04 ff
(a~ ) T IBLLA SR M (e~h) F 3K 2. 4 MM AR 1) 3
CHE] a4 o210 100 B AR 00 U0 0 1 0 I3 C1~ O g B2 5 5 B AT~ 4k ol 0 0 R K R o)

(a—d) Radar composite reflectivity, and (e—h) radial velocity at 2. 4° elevation

Fig. 4
at (a, e) 19:01 BT, (b, D 19:35 BT, (c. g 19:47 BT, (d, h) 20.04 BT 2 August 2019

(Red circles in Figs. 4a—4d represent convective cells or echo bands, C1—C4 are

cell numbers; white circles in Figs. 4{—4h represent centers of strong wind speed)
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Fig. 5 Evolution of H8 TBB at (a) 19:00 BT, (b) 19.:30 BT,
(¢) 19:40 BT, and (d) 20.:00 BT 2 August 2019

(Red circles M1 and red rectangle M2 represent convective cloud clusters)
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Fig. 6 Evolution of H8 TBB at (a) 20:10 BT, (b) 20:30 BT, (c¢) 20:40 BT, (d) 21.:00 BT 2 August 2019

(Red rectangles in Figs. 6a and 6b represent the development area of cold cloud,

red circles in Figs. 6c and 6d represent the severe centers of MCS)
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Fig. 7 Radar composite reflectivity at (a) 20:26 BT and (b) 20:38 BT 2 August, (c) radar vertical profile,

(d) radar echo tops and (e) vertical integrated liquid water at

20:38 BT 2 August, (f) evolution of 5 min rainfall, radar echo intensity, radar echo heights

and vertical integrated liquid water at the center of rainstorm

(Nuanquan Farm) from 19:45 BT to 20:50 BT 2 August 2019

(Black line in Fig. 7b is the profile position for Fig. 7c. yumm indicates strongest rainfall period)
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Table 3 Statistics of cloud characteristic parameters at the stations with the

maximum hourly rainfall during the rainstorm on 2 August 2019
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Fig. 8 Corresponding relationship between 10 min rainfall and cloud characteristic

parameters at the stations with the maximum hourly rainfall on 2 August 2019

(a) 19:00 BT to 20:00 BT; (b) 20:00 BT to 21:00 BTg (C) 21:00 BT to 22:00 BT
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