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Abstract

In order to study the development process of a cloudburst in northwest Henan province on July 4th,
2020, in this paper, the general observation data, the ERA5 reanalysis data of the European meteoro-
logical center and the sounding data were used. Synoptic analysis was made on the circulation back-
ground and influence system of the cloudburst in the northwest of Henan province by using general
observation data; numerical analysis was made on the water vapor condition, dynamic condition and
unstable energy of the process by using the reanalysis data and sounding data. The results showed
that: 1) The circulation pattern of “Two troughs and one ridge” in the high latitude area, the cold air at
the rear of the western trough would pass through the south of Xinjiang region and converged with
the warm and humid air to promote the release of unstable energy. There was positive relative vor-
ticity advection in the upper short-wave troughs in northwest Henan, which increased the local vor-
ticity. The low level convergence and high level divergence were favorable for strengthening the ver-
tical ascending motion, and the intensity was more than 0.8 Pa/s, which provided the dynamic condi-
tion for heavy rain. 2) The moisture was sufficient. The warm and humid air from Bay of Bengal and
South China Sea converged in South China, and under the influence of the western Pacific subtropical
high and the high-pressure system in northwest Henan, it continuously transported water vapor to
northwest Henan. 3) In the process of precipitation, the northwest area of Henan province was the
high value area of pseudo-equivalent potential temperature; south of Henan province was also a
high-value region of pseudo-equivalent potential temperature, sending unstable energy northward
through central Henan. On the vertical section, 500 hPa level was the boundary point, and the distri-
bution of pseudo-equivalent potential temperature was dense. Above 500 hPa level, the pseu-
do-equivalent potential temperature increased and the atmospheric stratification was stable; below
500 hPa, ground to near 600 hPa, the pseudo-equivalent potential temperature decreased, ABses00-350
reached -36°C, and the unstable energy was strong. 4) In the sounding data, CAPE and CIN changed
obviously before and after the process, which indicated the energy accumulation during the heavy
rain process, which had indication for the occurrence and development of heavy rain.
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Figure 1. Precipitation from 17:00 to 23:00 (a) on July 4th 2020, 23:00 on the 4th to 05:00 on the 5th (b) (color filling, unit: mm)
1.2020 £ 7 B 4 H 17:00~23:00 (a). 4 H 23:00~5 H 05:00 (h)PE/kE(HE, BfL: mm)
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Figure 2. Circulation pattern of 500 hPa at 08:00 (a), 20:00 (b), 700 hPa at 08:00 (c), 850 hPa at 08:00 (d) on July 4th 2020
2.2020 % 7 B 4 H 08:00 500 hPa (a), 20:00 500 hPa (b), 4 H 08:00 700 hPa (c), 4 H 08:00 850 hPa (d) 5z
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Figure 3. Specific humidity of 850 hPa at 15:00 (a), 18:00 (b), 21:00 (c) on July 4th 2020, 00:00 (d) on July 5th 2020 (color
filling, unit: g/kg)
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Figure 4. Vapor flux (arrow, unit: 10 g-cm “hPa s %), moisture flux divergence (color filling, unit: 107 g-cm >hPa *:s%)
of 850 hPa at 15:00 to 18:00 (a) on July 4th 2020, 850 hPa at 00:00 to 03:00 (b) on July 5th 2020
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Figure 5. Vertical velocity of 850 hPa at 18:00 (a), 20:00 (b), 22:00 (c) on July 4th 2020, 00:00 (d) on July 5th 2020 (color
filling, unit: Pa/s)
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Figure 6. Divergence of 925 hPa at 18:00 (a), 20:00 (b), 22:00 (c) on July 4th 2020, 00:00 (d) on July 5th 2020 and 500 hPa
at 18:00 (e), 20:00 (f), 22:00 (g) on July 4th 2020, 00:00 (h) on July 5th 2020 (color filling, unit: 107%s%)
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Figure 7. Vorticity of 850 hPa at 22:00 (a) on July 4th 2020 and 05:00 (c) on July 5th 2020, 500 hPa at 22:00 (b) on July 4th
2020 and 05:00 (d) on July 5th 2020 (color filling, unit: 10°s%)
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Figure 8. Potential pseudo-equivalent temperature of 850 hPa at 22:00 (a) on July 4th 2020 and 01:00 (b) on July 5th 2020
(color filling, unit: °C)
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Figure 9. Zonal profile (a) and radial profile (b) of Potential pseudo-equivalent temperature in Jiaozuo station at 21:00 on
July 4th 2020, Afsep00-850 at 21:00 (c) on July 4th 2020 ,01:00 (d) on July 5th 2020 (color filling, unit: °C)
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Figure 10. K index at 21:00 (a) on July 4th 2020, 03:00 (b) on July 5th 2020 (color filling, unit: °C)
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Table 1. Sounding data in Zhengzhou station
Fe 1. FBINuhiREs 2Rt

K/°C 1Q (g/kg) LI/°C SI/°C CAPE (J-kg)  CIN (3-kg™)
4 H 08:00 33 4438.9 -5.52 -0.83 1404.1 0.3
4 H 20:00 33.9 5070.1 -1.81 -3.64 3317 6.9
5 H 08:00 33.3 3624.1 0.6 2.44 41.4 96.2

B 1, 4 [ 08:00 %= LLIRAA 5y 4438.9 glkg, 16 FHHE%4-5.52°C, ¥ R4 % 9-0.83°C, /KIAAAL,
KABEAFE o SHRA ALRE A 1404.1 3-kg ™, SHAMHIFER A 0.3 3-kg™, #Hif) CAPE K CIN
R LT shsRg, SR RS . 1 4 H 20:00, 82 L 408 # 5070.1 -kg ™, $aTHESCN-1.81C,
WIRIEHN-3.64°C, CAPE 43553317 J-kg?, CIN A 6.9J-kg?, KAELEER M T ARTIRE,
HARET 08:00 ANFasE FEREINGE, SR FEIA B i . CAPE {E1E 5 M TZEE N, 78R K2 S ik
Bl R, TMEEEFRC, CIN BRI I HTIE R, WA E & AR K AR AT 52 B 2. 5
H 08:00, B&/KSFECLLE R, HIHEERY KIGHHCLANIEE, CAPE B4 % 414 J-kg™, CIN
N 9623kg !, KAURECLKETRE, ARCRRECAHIRN, MBI R.
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