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Abstract: Based on the CINRAD/SA radar observations in Beijing and Tianjin, the radar echo evolution
characteristics of two convective cells A and B in a severe convective storm affecting Beijing on June 30, 2021 are
analyzed. Through the analysis of the variation of various physical parameters and the number of grid points of
different reflectivity intensity grades in different stages of cell development and before and after operation in the
statistical area. The evolution characteristics of cells with different strengths under different operating conditions
are obtained. The results show that the cell B is a normal convective cloud cluster (life time is 3 hours), and after
the large dose operation (74 rockets and 58 anti-aircraft guns are effectively operated within 24 minutes) in the
early stage of development, it can be seen that the cell B has good characteristics of inhibiting the development of
the cell. The parameters such as mean reflectivity, storm body height and vertically integrated liquid water at
different heights of the storm body all show a downward trend. The number of grid points of the stronger echo
(30-60dBZ) decreases, while the number of grid points of the weaker echo (20-30dBZ) increases rapidly, and the
convection structure weakens as a whole. Cell A is a supercell (life time is 5.5 hours), and there is no obvious
inhibition effect in the initial stage due to insufficient operating dose (15 rockets are effectively operated within 30
minutes). Near the mature stage, continuous high-dose operations were carried out (105 rockets and 182
anti-aircraft guns were effectively operated within 80 minutes). Although some characteristics similar to echo B
can also be observed: the average reflectivity, cloud top height, strong echo thickness, vertical integrated liquid
water and other parameters in the upper layer decrease, the number of grid points in the higher reflectivity intensity
range (50-70dBZ) decreases, and the number of grid points in the lower reflectivity intensity range (30-50dBZ
range) increases and lasts for about 30 minutes. However, the overall work suppression effect on supercell A is not

obvious.
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(c) 850hPa; (d) 950hPa of ERAS reanalysis data at 16 BJT on 30 Jun 2021
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B 3.2 2021 4E 6 A 148 (a) F208) (b) kEHEETE, BERNEE, BRABSEE
Fig 3.2 L band radiosonde analysis diagram at 14:00(a) and 20:00(b), 30 June 2021. The black

line indicates the temperature and the blue line indicates the dew point temperature.
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Fig 3.3 Hourly precipitation and hail point in Beijing area from 17:00 to 22:00 on 30 Jun 2021
(a) 17: 00-18:00; (b) 18:00-19:00; (c) 19:00-20:00;
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Fig 4.1 The location of Beijing radar and Tianjin radar (a)

and the path of echo A and echo B and chorography (b)
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Figure 4.2 Evolution diagram and operation information of the combined reflectance of echo A
and echo B. The red circle and the black solid arrow in the circle are the rocket firing boundary
and launching azimuth, the black number is the projectile used by rocket, the blue solid arrow
in the blue circle and circle is the anti-aircraft gun firing boundary and launching azimuth,
and the blue number is the projectile used by anti-aircraft gun. Black dotted arrows show the

position and direction of the vertical section. Vertical sections are given in Fig. 4.3 and 4.4
B 4.3 [BIg A 22V %) 2= E Hm E

Fig.4.3 Vertical section of echo A at typical time
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Fig.4.4 Vertical section of echo B at typical time
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Fig. 4.5 Operation statistics area (rectangular box) , the effective area of

rocket operation and rocket-firing track
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Table. 4.1 Echo A statistical table of effective operation in each period

N e VISR SRERNBEVE (KEFEE/FEHE)
ETJ-]EH l‘é\gﬁg
3 6 8 9 10 11 12 13
18:12-18:18 6/0 6/0
18:24-18:30 6/0 3/0 3/0
18:36-18:42 3/0 3/0
19:06-19:12 12/0 12/0
19:18-19:24 6/24 0/24 6/0




19:24-19:30 | 24/58 12/0 6/0 0/58 6/0
19:30-19:36 6/0 6/0
19:36-19:42 | 24/60 12/0 6/0 6/0 0/60
19:42-19:48 12/0 6/0 6/0
19:48-19:54 6/0 6/0
19:54-20:00 6/0 3/0 3/0
20:06-20:12 0/40 0/40
20:18-20:24 9/0 9/0
& 4.2 [EIY B B BAE MG
Table. 4.2 Echo B statistical table of effective operation in each period
i s R RS EERNRELVE (KEHE/SIEHE)
1 2 4 5 7

18:06-18:12 58/58 0/58 58/0
18:12-18:18 10/0 6/0 4/0
18:24-18:30 6/0 3/0 3/0
19:06-19:12 0/40 0/40
19:12-19:18 6/0 6/0
19:18-19:24 6/0 6/0
19:24-19:30 11/0 11/0
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Fig 5.1 The average reflectivity of each altitude level of echo A was observed by Beijing radar

and Tianjin radars from 17:30 to 23:00, The dashed line box is in the blind area of Beijing

radar observation, so the radar observation data of Tianjin is used as a supplement, bar charts

represent operational information
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Fig 5. 2 The cloud top height (ET), storm top height (TOP), strong echo thickness (CT), centroid height

of strong echo center (CTM) of echo A was observed by Beijing and Tianjin radars from 17:30

to 23:00
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Fig 5.3 The vertically integrated liquid (VIL) of echo A was observed by Beijing and Tianjin
radars from 17:30 to 23:00
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Fig 5.4 Echo characteristics of cell A (super cell) in maturity stage at 19:54
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Fig 5.5 The average reflectivity of each level of echo B, and the bar chart represents the operation

information from 17:30 to 20:30

Bl 5.6 fEMLEIB B (17:30-20:30) =THME (ET). RBEKFE (TOP). BEMKEE (CD. BHLORL
HE (CTID
Fig 5. 6 The cloud top height (ET), storm top height (TOP), strong echo thickness (CT), centroid height
of strong echo center (CTM) of echo B from 17:30 to 20:30
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Fig 5.7 The vertically integrated liquid (VIL) of echo B from 17:30 to 20:30
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(a) 30-40dBZ; (b) 40-50dBZ; (c) 50-60dBZ; (d) 60-70dBZ
Fig 5.8 Time series variation diagram of grid points in different reflectivity

intensity intervals of echo A at each altitude, (a) 30-40dBZ; (b) 40-50dBZ; (c)
50-60dBZ; (d) 60-70dBZ
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Fig 5.9 Time series variation diagram of grid points in different reflectivity intensity

intervals of echo A at each altitude, (a) 20-30dBZ; (b) 30-40dBZ; (c) 40-50dBZ; (d) 50-60dBZ
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Figure 4.2 Evolution diagram and operation information of the combined reflectance of echo A and ECHO B. The red
circle and the black solid arrow in the circle are the rocket firing boundary and launching azimuth, the black
number is the projectile used by rocket, the blue solid arrow in the blue circle and circle is the anti-aircraft
gun firing boundary and launching azimuth, and the blue number is the projectile used by anti-aircraft gun. Black
dotted arrows show the position and direction of the vertical section. Vertical sections are given in FIG. 4.3

and 4.4
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Fig.4.3 Vertical section of echo A at typical time
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Fig.4.4 Vertical section of echo B at typical time

Analysis of radar echo evolution characteristics of a severe convective

storm artificial hail suppression operation

Long Junlin', Zhou Yuquan?, Tao Yue?
(1. College of Meteorological Observation, Chengdu University of Information Technology / CMA Key Laboratory of Atmospheric
Sounding, Chengdu 610225, Sichuan, China;
2. Chinese Academy of Meteorological Sciences, China Meteorological Administration / Weather Modification Center of China

Meteorological Administration, Beijing 100081, China)

Abstract: Based on the CINRAD/SA radar observations in Beijing and Tianjin, the radar echo evolution
characteristics of two convective cells A and B in a severe convective storm affecting Beijing on June 30, 2021 are
analyzed. Through the analysis of the variation of various physical parameters and the number of grid points of
different reflectivity intensity grades in different stages of cell development and before and after operation in the
statistical area. The evolution characteristics of cells with different strengths under different operating conditions
are obtained. The results show that the cell B is a normal convective cloud cluster (life time is 3 hours), and after
the large dose operation (74 rockets and 58 anti-aircraft guns are effectively operated within 24 minutes) in the
early stage of development, it can be seen that the cell B has good characteristics of inhibiting the development of
the cell. The parameters such as mean reflectivity, storm body height and vertically integrated liquid water at
different heights of the storm body all show a downward trend. The number of grid points of the stronger echo
(30-60dBZ) decreases, while the number of grid points of the weaker echo (20-30dBZ) increases rapidly, and the
convection structure weakens as a whole. Cell A is a supercell (life time is 5.5 hours), and there is no obvious
inhibition effect in the initial stage due to insufficient operating dose (15 rockets are effectively operated within 30
minutes). Near the mature stage, continuous high-dose operations were carried out (105 rockets and 182
anti-aircraft guns were effectively operated within 80 minutes). Although some characteristics similar to echo B
can also be observed: the average reflectivity, cloud top height, strong echo thickness, vertical integrated liquid
19



water and other parameters in the upper layer decrease, the number of grid points in the higher reflectivity intensity
range (50-70dBZ) decreases, and the number of grid points in the lower reflectivity intensity range (30-50dBZ

range) increases and lasts for about 30 minutes. However, the overall work suppression effect on supercell A is not

obvious.
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Fig 3. 1Potential height, wind distribution and temperature distribution (a) 500hPa; (b) 700hPa;
(c) 850hPa; (d) 950hPa of ERA5 reanalysis data at 16 BJT on 30 Jun 2021
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Figure 4.2 Evolution diagram and operation information of the combined reflectance of echo A and ECHO B. The red

circle and the black solid arrow in the circle are the rocket firing boundary and launching azimuth, the black
number is the projectile used by rocket, the blue solid arrow in the blue circle and circle is the anti-aircraft
gun firing boundary and launching azimuth, and the blue number is the projectile used by anti-aircraft gun. Black
dotted arrows show the position and direction of the vertical section. Vertical sections are given in FIG. 4.3

and 4.4
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