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Abstract: Based on the air-sounding data, the CIND3830-CC CINRAD data and surface meteorological da-
ta, and 21 hail weather processes in Pu’er during 2013—2020, this study gives the difinition to storm cells
with hail diameter —=20 mm as large hail storm cells, storm cells with hail diameter =5 mm and less than
20 mm as medium hail storm cells and storm cells with hail diameter <5 mm as small hail storm cells (GB/

T27957—2011). The Doppler radar echo characteristics of small hail, mdium hail and large hail are comparatively
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analyzed. The results show that hail storm cells have common characteristics. High top and high bottom
structure of the radar echo, height above 5 km and large echo gradient and composite reflectivity (CR) >
55 dBz . VIL>=23 kg * m ? \H,;45,=>7.5 km.H s s, — Hoc =2. 8 km. VIL shows jump phenomenon in 67 %
hail storm cells, appearing 5—10 min before the occurrence of hail falls. The bigger the magnitude of the
jump, the greater the corresponding VIL. The hail storm cells have obvious convergence characteristics
and large hailstorm cells often have mesocyclone characteristics. All the large hail storm cells are signifi-
cantly greater than the medium and small hail storm cells in VIL/H. Hg, g, — H-_5 ¢ of most large hail
storm cells are significantly greater than those of medium and small hail storm cells. Large hail storm cells
in mature stage often lasts significantly longer than medium and small hail storm cells. The echo overhang
structure of large hail storm cells is often more than the medium and small hail storm cells, and DVIL and

the rotation speed are often greater than medium and small hail storm cells. ET, VIL jump characteristics,

TBSS and V-notch can not be used as indicators to identify different grades of hails.

Key words: hail grade, forecast, echo characteristic, radial velocity, vertical profile
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Table 1 Occurrence location, time, hail diameter, reflectivity and other characteristics of hail weather processes in Pu’er

18/ i 5 B A %/ Hisap, Hsoam— H—2c VIL DVIL (VIL/H)
(iF'.:IHﬂ.FI) JfL/B;‘LH Emtﬁ CR/dBe /imt Odl/km " ET/km /(kg+m 2) /(gem?) /(gem %)
2013.2.2 YLk 1902 6 61 7.5 —0.4 9.7 28 2.9 4.5
2013.3.8 W 20:07 5 56 9.8 0.5 11.7 28 2.4 3.5
2013.4.28 VLY 1501 11 59 7.6 —1.4 11.8 33 2.8 3.9
2014. 3. 22 A 16:42 20 57 8.5 1.5 10.0 38 3.8 5.4
2014.4.4 YLK 1720 4 61 9.7 1.7 11.8 40 3.4 4.7
2014.4.4 VLY 17 .46 35 64 9.5 2.2 11.8 45 3.8 5.3
2014.5.5 LY 2214 11 67 9.0 0.9 12.6 43 3.4 4.6
2015. 3. 23 YLk 17 .24 11 56 8.5 —1.6 10.0 28 2.8 4.1
2015.4. 21 A 15:35 5 55 8.0 —1.5 9.6 23 2.4 3.5
2016.4.17 VLY 18:45 6 55 9.0 —0.3 10. 6 33 3.1 4.5
2016.4.19 WE v 19:09 23 63 9.7 0.6 10.0 38 3.8 5.9
2016. 4. 21 YILoK 1736 14 62 13.0 5 15.5 48 3.1 3.9
2017.2.2 A 17:15 3 59 7.5 —0.9 9.0 28 3.1 4.7
2017.2.2 YLK 2251 19 66 7.5 0 8.8 28 3.2 5.0
2017.2.3 TH 1638 30 60 7.5 0 7.8 28 3.6 5.1
2018.3.11 TH 1735 4 64 7.5 —1.6 8.5 28 3.3 4.3
2018. 3. 17 YLYE 1759 5 58 7.5 —0.8 9.5 28 2.9 4.3
2018. 3. 17 VLY 19:59 2 56 7.5 —0.8 9.5 30 3.2 4.6
2018.3.23 T 19:29 10 67 7.5 —1.6 9.0 35 3.9 4.9
2018.4.2 VLY 18:40 7 59 10.0 0.9 14.0 40 2.9 3.5
2018.4.17 ARYL 1633 12 57 9.5 0.8 12.0 40 3.3 4.2

BT AR 2 S TR) R /DN oK R A 1 B AR S5 S5 38 e B 1 T
()2014 4E 3 A 22 H 16:42 57, (b)2016 4E 4 A 19 H 19:09 ¥ K vk 8 5
(0)2013 4E 4 H 28 H 15:01,(d2014 4£ 5 H 5 H 22:14 L9k vk E
(e)20144F 4 H 4 H 17.20 YL, (20174 2 A 2 H 17:15 =& /MKE
Fig. 1 Basic reflectivity vertical profile of hail storm cells with different sizes and at different times
(a, b) large hail storm cells (a) in Jinggu at 16:42 BT 22 March 2014, (b) in Lancang at 19:09 BT 19 April 2016
(cs d) medium hail storm cells in Jiangcheng at (¢) 15:01 BT 28 April 28 2013, (d) 22.14 BT 5 May 2014 ;
(e, ) small hail storm cells (e) in Jiangcheng at 17:20 BT 4 April 2014, (f) in Jinggu at 17:15 BT 2 February 2017
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2.3 ARASEHKENREM VIL.DVIL,VIL/H %
fEXTEE

GETT o3 I KR X B B AR Y R R BRSO
B R CVIL) FRHAE . KB A UK e VIL =23 kg » m &
R T S IR 5 3 7 R B B A R ) VIL i CBERS
45.2014a;2014b) ATAE M KB BN B H N T2 —.

B2 AR 2 S R R/ oK R s R Y ET
(a)2014 4 3 A 22 H 16:42 54 ,(b)2014 4F 4 B 4 H 17:46 YLIR,(c)2016 4£ 4 A 19 H 19:09 T,
(20174 2 A 3 H 16:38 THRIKE; (2014 45 A 5 H 22:14 {LIK,
(2016 4F 4 H 21 H 1736 VLW k8L (22014 4F 4 H 4 H 17:20 VLD k%
CIE B« DK IR AR T A A6 D
Fig. 2 ET of hail storm cells with different sizes and at different times
(a, b, ¢, d) large hail storm cells (a) in Jinggu at 16:42 BT 22 March 2014,
(b) in Jiangcheng at 17:46 BT 4 April 2014, (¢) in Lancang at 19:09 BT 19 April 2016,
(d) in Ninger at 16:38 BT 3 February 2017; (e, ) medium hail storm cells in Jiangcheng at (e) 22:14 BT 5 May 2014,
(f) 17:36 BT 21 April 2016; (g) small hail storm cells in Jiangcheng at 17:20 BT 4 April 2014

(red circle: hail storm cells)
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B3 TR 20 [ B T S [ R/ kOB RUa B iy VIL A8 4k
(a~d)2014 4 4 A 4 H(a)17:30,(b)17:35,(c)17:41,(d)17:46 VLIR KUK
(e~h)2017 4 2 [ 3 H(e)16:22,(16:27,(g)16:32,(h)16:38 T {H KK ;

(i~D2016 £ 4 A 21 H(D17:18.(j»17:23.(k)17:29.(D17:36 L3 H Ik E

Fig. 3 VIL changes of hail storm cells with different sizes before hailstorm at different times
(a—d) large hail cells storm in Jiangcheng at (a) 17:30 BT, (b) 17:35 BT, (c¢) 17:41 BT, (d) 17:46 BT 4 April 2014;
(e—h) large hail cells storm in Ninger at (e) 16:22 BT, () 16.27 BT, (g) 16:32 BT, (h) 16:38 BT 3 February 2017;
(i—D) medium hail storm cells in Jiangcheng at (i) 17.18 BT, (j) 17:23 BT, (k) 17.:29 BT, () 17.:36 BT 21 April 2016
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Fig.4 (a, c, e, g) Radial velocity and (b, d, f, h) CR at 0.5 elevation of typical hail cases of different grades

(a, b) large hail storm cells in Ninger at 16:38 BT 3 February 2017 (black circle; mesocyclone) ;

(¢, d) medium hail storm cells in Jiangcheng at 22:14 BT 5 May 2014 (black circle; mesoscale convergence zone) ;

(e, ) medium hail storm cells in Jiangcheng at 17:36 BT 21 April 2016 (black circle; upwind area) ;

(g, h) small hail storm cells in Ninger at 17:35 BT 11 March 2018 (black circle: mesoscale convergence zone)
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echo pattern of hail weather processes in Pu’er
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Fig. 5 TBSS in a hail storm cells with different sizes and at different times in Jiangcheng
(a) small hail storm cells at 17:20 BT 4 April 2014, (b) large hail storm cells at 17:46 BT 4 April 2014,
(¢) medium hail storm cells at 22:51 BT 2 February 2017
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