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Diagnostic Analysis on Water Vapor and Jet Characteristics of

the July 2021 Severe Torrential Rain in Henan Province

WANG Xiaokang CUI Chunguang WANG Jingyu YANG Hao ZHOU Wen
Hubei Key Laboratory for Heavy Rain Monitoring and Warning Research, Institute of Heavy Rain, CMA, Wuhan 430205

Abstract: In mid-late July 2021, an extreme heavy rainfall process with the characteristics of long duration,
large accumulated rainfall amount, and concentrated precipitation area occurred in Henan Province, cau-
sing serious casualties. Based on automatic station rainfall data and ERAS5 reanalysis data, the important
functions and influence mechanisms of multiscale system, jet and topography on the transport and conver-
gence of water vapor and the formation of precipitation are discussed in this paper. It is found that the se-
vere torrential rain occurred in the favorable circulation conditions with long-distance typhoon (In-fa). A
large amount of water vapor coming from the western Pacific penetrated the east border of Henan Province
from lower layer, while the water vapor from the South China Sea entered Henan Province from the south
side mainly in the middle-low layers of troposphere, resulting in the extreme heavy rainfall under the joint
influence of cyclonic vortex, shear line and convergence line. The centers of water vapor convergence and
ascending motion in lower layers were caused by the coupling impact of low-level jet and boundary layer
jet. In addition, the terrain here played the roles of dinamically blooking and lifting, and thermodynamical-

ly lifting at the same time. Besides, combined with the jet, topography made the severe precipitation
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present as a band shape in front of the mountain, and located in the central part on the 20th July and in the

northern part of Henan Province on 21 July 2021.

Key words: severe torrential rain in Henan Province, transport and convergence of water vapor, coupling

of low-level jet, topographic effect
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850 18.5 18.6 1480 1483 —5.1 —5 4.0 4.4 13.2 13.1
700 10.2 10. 3 3125 3129 —2 —2.7 5.0 5.4 8.9 8.8
500 —4.0 —4.1 5856 5859 1.2 1.4 3.6 3.9 4.0 4.4
200 —50.5 —50.6 12502 12502 10.5 10. 4 3.5 3.6 0.1 0.1
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Note: The “sounding” in the table is the average data from seven radiosonde stations in Zhengzhou (Henan) . Nanyang (Henan), Lushi (Henan),

Xingtai (Hebei), Jinan (Shandong) ., Xuzhou (Jiangsu) and Fuyang (Anhui); “ERA5” means the ERA5 data averaged at the closest grid to

each radiosonde station
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Fig. 1

(a) Accumulated rainfall from 17 to 22 July and (b, ¢, d) the daily precipitation on (b) 19, (¢) 20, (d) 21 July 2021

(Brown and green shadow means topographic height)
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Fig. 2

(a) The synthetic circulation situation of long-distance typhoon high pressure type from 2005 to 2016,

(b) averaged circulation situation from 17 to 22 July 2021

(In Fig. 2a, black line is geopotential height at 500 hPa; blue dashed line represents the 200 hPa South Asia high;

gray shadow means topographic height; red shadow depicts the range of torrential rain;

yellow dashed line shows the transport path of water vapor and green line marks out the boundary of Henan Province.

In Fig. 2b, colored represents 500 hPa geopotential field; black line depicts

the range of 200 hPa South Asia high, and blue line is the boundary of Henan Province)
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Fig. 3 (a) Averaged 500 hPa geopotential field (colored) and flow field from 17 to 22,
(b, c. d) the 700 hPa relative humidity (colored), equivalent potential temperature
(red line, unit: K), and horizontal wind field (vector arrow, unit: m s ')
on (b) 19, (¢) 20, and (d) 21 July 2021

(Green line marks out the boundary of Henan Province)
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(1, 2. 3 represent south, southeast, eastern paths of water vapor. respectively)
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Fig. 6 Water vapor flux (vector arrow) and value (colored, unit: g+ cm ™!« s7! « hPa™')

at (a) 700 hPa, (b) 850 hPa, and (c¢) 925 hPa averaged from 19 to 21 July 2021
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Fig. 8 (a, b) Vertical velocity at 900 hPa (colored, negative value means rising) , low level jet

at 850 hPa (red vector arrow) , and boundary level jet at 925 hPa (black vector arrow),

(c, d) horizontal divergence (colored, negative value: convergence) ,

geopotential height (red line, unit:; gpm) and horizontal wind (vector arrow )
on (a, ¢) 20 and (b, d) 21 July 2021

(Grey shadow marks out the area with topographic height

at 750 m in Figs. 8a, 8b and 500 m in Figs. 8c, 8d)
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Fig. 10 Horizontal divergence (colored, negative value: convergence) and vertical flow field
(vertical velocity multiplied by 10) along 34. 75°N on (a) 19 and (b) 20 July,
along (¢) 35.5°N on 21 July, along 113. 65°E on (d) 19, (e) 20 and (f) 21 July 2021
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