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Abstract Using Qingdao dual - polarization CINRAD/SA data, conventional observation data and 14 

regional automatic station meteorological data, the polarimetric radar signatures of a 15 

supercell storm occurred in Zhucheng, Shandong Province on 16 August 2019 are analyzed.  The 16 

results show that: the supercell storm occurred under the background of the interaction of 17 

the northeast cold vortex and the surface mesoscale convergence line. The Cape was weak, but 18 

the vertical wind shear between 0 and 6 km was very strong, this co nfiguration was also conducive 19 

to the formation and maintenance of supercell storms. The average values of DBZM, C - VIL, HT 20 

and TOP of Zhucheng supercell storm, which lasted about 3 hours and accompanied by deep and 21 

persistent mesocyclone ,  were 74. 1 dBz, 6 7.9 kg / m
2
, 6.3 km and 11.3 km respectively in the 22 

vigorous stage. The echo area above 60dBz in the lower layer of the storm had smaller Z DR, smaller 23 

CC and larger K DP ,this polarization signatures indicated that a certain number of wet (or dry) 24 

hail and li quid raindrops exist at the same time. In addition, obvious Z DR arcs near the inflow 25 

gap in the lower layer of the storm were found. The bounded weak echo region (BWER)  was detected 26 

in the strong updraft area in the middle layer of the storm, and the top o f BWER reached about 27 

7km. The ZDR and CC ring s around the BWER were observed in the middle layer , and the top of 28 

ZDR ring reached the - 10Ņ layer height . The deep Z DR and KDP columns above the 0Ņ layer height  29 

were observed in the vicinity of the main rotat ing updraft with the ir  tops reaching the - 20Ņ 30 

layer height. The ZDR column was located to the east of  the BWER and t he KDP column was located 31 

to the west of the BWER.  The ZDR column between 10Ņ and -  20Ņ layer height  corresponded to 32 

strong Z ( 35- 60dBz) and small K DP, indicating that there are a few large liquid or (and)wet ice 33 

particles, while the K DP column corresponded to stronger Z( 55- 72dBz) and small Z DR, indicating 34 

that there are a number of small liquid or (and) small wet ice particles and large ice pa rticles. 35 

If there are significant  negative Z DR values in the radial direction behind the strong 36 

reflectivity core at the lower layer of the storm, it can be used as the identification basis 37 
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for extremely large hail (diameterů50mm). The strong reflectivity core at the lower layer 1 

of the storm corresponded to an abnormally large K DP value, indicated that it contained hail 2 

particles covered with water film and high concentration of liquid raindrops.  3 

Key word  Supercell ,  Polarimetric signature ,  ZDR columns,  KDP columns 4 
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 [ ]≠ S Ẓ יּ ץ ꜚ [̆ ]6 

2019 8 16 қ ѿ ᵣ Ẓ ԅ№ Ȃ[ ] ̔7 

ᵣ қ ‛ Ҭ ῍ ᵬ ӊҊ̆CAPEẒ ̆ᵖ ℗ ̆ Ӟ≠8 

ԍ ᵣ ҍ Ȃ ᵣ 3h ᵄ ӄ Ҭ ̆ DBZMȁC-VILȁHT9 

TOP ṿ№≢ҹ 74.1dBzȁ67. 9 kg/m2ȁ6.3km 11.3kmȂẒ № ̆ ᵞ 60dBz҉ץ Ẓ10 

ZDRȁ CC KD P̆ ̂ ̃— ῍ Ȃ ̆ᵞ ῀ ZDR Ȃ Ҭ11 

҉ ῤ BWER̆ ῒ ⌠ 7km Ȃ[ ]BWERῤ CC ̆ῒ ZDR CC ̆12 

ZDR ⌠-10Ņ Ȃ0Ņ ӊ҉ ZDR KDP ̆ ⌠-20Ņ ̆ZDR ᵝԍ BWERқ13 

ᶷ̆KDP ᵝԍ BWER ᶷȂ -10Ņ- -20Ņ ӊ ̆ZDR Z(35- 60dBz) KDP̆ Ẓ14 

— ̆ KDP Z(55- 72dBz) ZDR̆ ѿ ̂ ̃ —15 

— Ȃ ᵞ ᶷ ҉ ₮ ZDR ṿ ̆ ᵬҹ — ̂ ů50mm̃ ≢ᶭ Ȃ16 

ᵞ KDPṿ̆ — Ȃ 17 

ῗ Е ᵣ, Ẓ , ZDR , KDP  18 

Ҭ №   P407.2 19 
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1   21 

[ ӈ] ԍ ᵣ ҍ ῏ Ȃ Һ Ғ22 

ԍ — ᵣ ꜚⱬ ̆ ₮ԅ ᵣ23 

(Browning 1964, 1965; Marwitz 1972̕Lemon , et al, 1979; Brandes, et al, 1988)Ȃ ṿ ̆24 

ᵣ ṿ Ӟ ꜛԍֲױ ԅ ̂Wickera, et al, 1995̕ Adlerman, 25 

et al,1999̃ Ȃ[╠ֲ ] ҉ ̆ ᵣ26 

ҩᶛ Ӟ ̆ ֓№ ҍ ץ ῤ ᵬ₮ (Conway , et al, 1993; 27 

Hubbert , et al,1998̕  Loney, et al,2002̕ Kumjian, et al, 2008̕ Van Den Broeke, et al, 2008)Ȃ28 

̆ѿ֓ ≢ ᵣ ᵞ ╠ᶷ῀ ᵝ ᴪ₮ ZDR̘3 29 

dB ṿ̆ ᵌ ̆ ӊҹ ZDR ̆ Ҭ ҉ ᴪ₮ ZDR30 

ṿ̆ ӊҹ ZDR ̆ CC̆ CC (Kumjian et al, 2008 ,2010; Kumjian, 2013b)Ȃ31 

0 ҉ץ ᴪ₮ ZDR KDPṿ Z̆DR ѿ ṿ̂ 1.0 1.5 dB̃ ӊҹ ZDR ̆32 

KDP ѿ ṿ̂0.75 1.0°/km ̃ ӊҹ KDP (Illingworth, et al,1987; Hubbert, et al, 1998 ;Zrnic, et 33 
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al,1999; Romine , et al,2008; Kumjian, et al,2010)Ȃ ԍ ᵣ ̆ ӊ҉ ZDR ȁ1 

— ȁ — ̆ZDR ҍ ҉ ̆ZDR2 

ҍ҉ ῏῏ ̆ ZDR ≢∞ᵬҹץ ӊѿ̂Conway,et 3 

al ,1993;Ryzhkov,et al̆ 1994̕ Kumjian, et al̆ 2014̃ Ȃ0 ҉ץ KDP ṿ ₮ ̆ ү4 

̂ ̃ — ̆ K̆DP ᵬҹ ҉ (Bringi,et al. 1996; 5 

Hubbert,et al. 1998; Loney,et al. 2002; Lier-Walqui,et al. 2016)Ȃ ’Ҋ Z̆DR KDP ҉6 

№  K̆DP ᵝԍ ZDR ᶷ(Hubbert, et al,1998̕ Kumjian , et al,2008̕ Kumjian,et al, 7 

2010; Snyder ,et al, 2013)Ȃ  8 

[╠ֲ ] ῤ Ẓ ȁ └ ҙⱵ ӞẠԅ9 

ᵬ̆ ԅѿ֓ ̆ᵖ ҙⱵ Ȃ ╠ ῤ ѿף Ẓ10 

ᵬ̆ ץ ѿ — ⱬȂ ԍ Ẓ11 

№ ҩᶛ Һ̆ — ≢ȁ Ԑ ȁ ṿ ȁ ̂ 2̆001̕12 

̆2012̕ Ҝ ̆2013̕ ̆2016̕ ̆2017̕ ̆2017̕ ̆2017̕13 

̆2019̕ ₵  ̆2020̃ Ȃ ̂2018̃ № ѿ ᵣ ̆ ҉14 

ѿ ñ № ò̆ 5 km̆ ⌠ 6 km  (-8 )̆ 15 

Ҭ ₮ ñ № ò̆ ҍ ҉ ̂ № ̃ ῀ ‟ ғ16 

№ ṿ ⁞ ῏Ȃ ᶃ ̂2020̃ ≠ Ẓ ̆ 201817 

5 7 ѿ ᵣ № ̆ZDR ᵝԍ18 

҉ ̆ᵝԍҺ҉ қ ᶷ̆KDP ᵝԍҺ҉ ᶷ̆Һ ₀19 

̆ῒᵝ ҍ Ҭ ῏ Ȃ[ ℗῀ ]҉ ≠  20יּ

≢ ԅѿ֓ ≢ ᵣ ȁ ꜚⱬ ̆21 

ᵖ ῤ — ᵣ Ẓ ῏ Ȃ 22 

ԍ CINRAD/SA Ẓ ̆ ’ ̆ 2019 8 1623 

⌠ ֟ Ҥ — ᵣ Ẓ ԅ№ ̆[ ‗ ῏ ]24 

∆ ԅ ᵣ ᵞ ȁҬ ȁ ҉ Ẓ ̆ ᵣ25 

῏ ҙⱵҬ Ȃ 26 

2 ’  27 

2.1 ‟ 28 
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2019 8 16 14:00- 20:00̆ қ ȁҳ ȁ ȁ ᾢ — ȁ1 

₯̆ Ҥ ȂῒҬ — ԍ ᵣ ̂2 

ᵣ ̃̆ ԍ 14:00̂ ֤ ̆Ҋ ̃╠ ̆ ԍ 17:00╠ ̆ᾢ ҳ3 

ȁ җ ȁ ԓ ₮ — ̆ ҹҤ ̆4 

— ᾢ ԅ 35 min̂ 15:10- 15:45̃ ̆ — 50mm̆҉ץ ȁ ȁ ȁ ȁ5 

ȁ 6ҩ Ҍ ⌠— ₯̆ᵬ 15.08҆֡̆ 13.1҆֡Ȃ6 

6ҩ ֟ 17 m/s҉ץ ̆ 30.6 m/s̆ 15:59₮ ԓ Ȃ 4ҩ7 

₮ ̆ 27.2mm̆ 15:00- 16:00₮ Ȃ 1ă8 

90- 100kmȂ 9 

2.2 ғ  10 

2019 8 16 08:00̆ 500hPaҹ‛ ̆Ҭ ȁῤ ֜ ҉ ̆ қ11 

Ҭ ̆ᵞ 700 850hPa ℗ ̆850hPa℗ ᵝԍ қҍ ֜ ̆ ᵝԍ12 

ᶷ̂ 1b̃ Ȃ ץ ₮̆ᵞ ̆Ҭ ҹ ‛̆҉ ‛ȁҊ ̆ ⱬҌ13 

Ȃ Ҭɓ ҉ ꜚ̆ ̆ ̆ Ӟ ӊ ̆14 

14:00 -ҳ - ѿ ̆ ҳ қ ̆ ҹ ᵣ Ȃ15 

̂ 1̃ ̆ 850ҍ 500hPa ̂ȹT̃ ̆ ̂LĨҹ ṿ̆16 

ᵝ ̂CAPẼ ԍ 1500 J/kĝ* ⌠ 14:00 ̃̆ CAPEṿẒ ׅ̆ ԍ17 

Ȃ ᵝԍ җ ӊ ̆ җ Ҋ 75km̆18 

180km̆ қ ̆ל ҉ 0- 6km 31.7m/s ℗ (Wsr)19 

ף ’Ȃ CAPEẒ ’Ҋ̆ ℗ Ӟ≠ԍ ֟ Ȃ20 

0Ņ ᵞ̆≠ԍ ₮ — Ȃ 21 

1 (a)ҍ 16 08:00(b) ל  22 

Fig.1    Storm path (a) and Synoptic chart(b) at 08: 00 BT on 16 August 2019 23 
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1   1 

Table 1 The environmental physical parameters 2 

  K/ȹT 

/  

LI / CAPE 

/(J/kg)
 

Wsr(0-6km ̃

/(0-2km̃/(m/s) 

500hPa /

/(m/s  /°)  

500/850/925hPa

/̂g/kg̃ 

0 (

0 )/-10 /-20 /-30

/km 

500hPa

/  

20190816 08̂ җ  ̃ 34/26 -0.4 70/1300* 31.7/6.7 28/285 0.7/8.5/8.9 4.3(4.0)/5.9/7.6/9.2 -9 

20190816 08̂  ̃ 13/29 -3.4 640/740* 12.4/6.6 14/280 2.7/3.5/10.1 4.5(3.6)/6.0/7.7/9.8 -8 
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3  4 

̂DBZM̃ ̂HT ȁ̃ ԍ ᵣ ̂C-VIL̃5 

ᵣ ̂TOP̃ ̆ ֓ ֟ (62 ֟ )Ҭ ₮Ȃ 6 

ᵣ 13:59 ԍ ҳ ̆ ̆1ҩᵣ ⌠ 64 dBz̆7 

ӊ ѿ 60dBz16:00̆҉ץӊ ⁞ ̆17:10ӊ ̆ 3h Ȃ8 

қ ꜚ̂ 305- 310°ӊ ̆Ẓ 500hPa ᶷ 25- 30°̃̆ ꜚ9 

170km̆ ꜚ 55km/hȂ 10 

̂14:20- 16:20̆ 3b̃ DBZMȁC-VILȁHT TOP ṿ№≢ҹ 74.1dBzȁ67. 11 

9 kg/m
2ȁ6.3km 11.3kmȂ HT 0Ņ ̂ZH̃ӊ҉̆ 10km12 

-Ȃ15:10҉ץ 15:45 — ̆DBZM 75dBz̆҉ץ ҹ 77 dBz̆ ѿ ᵄ13 

̂BWER̃ ҈ᵣ ̂TBSS̃ Ȃ 14 

14:39- 16:15 ₮ Ҭ ̆ 95min̆ 1/2ȂҬ 7km15 

̆ 1.5- 2.0km ̂ ᵞᴀ ̃̆Ҭ ̆ ̆ ℗16 

25-30 m/sӊ Ȃ 17 

2  18 

Figure2  Evolution of storm parameters of Zhucheng supercell  19 
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 1 

4 ᵣ Ẓ  2 

15:30 № 1̆5:10- 15:45 — ҹҤ Ȃ DBZMȁC-VILȁ3 

HT TOP№≢ҹ 76 dBzȁ76 kg/m
2ȁ7.8km 10.4km̆ Ҭ ̆ ⌠ -20  4̆҉ץ

ῤ ҉ ̆ ҉ Ȃ 5 

4.1 ᵤ  6 

4.1.1 0.5£ᴀ PPI 7 

3aȁbȁcȁdȁe№≢ 15:30 Ẓ 0.5°ᴀ ̂Z̃ȁ8 

̂V ȁ̃ № ̂ZDR ȁ̃ ῏ ̂CC̃ ̂KDP̃ ֟ Ȃ Ҭ ⱴԅҬ ̂ ̃̆9 

ῒҬ 1.6km̆ ҹ 50 dBz ṿ ̆ ҹ 60 dBz ṿ Ȃ 10 

ᵞ ̂ů50dBz̆ Ҋ ̃ қ 15km ̆ Z 66- 70dBz11 

ӊ ̆ ᶷ ῀ ̂ 3ã ̆ ̂ 3b̃̆ҹᵞ ҉12 

Ȃ ZDR № ̂ 3c̃̆ Ҭ ̂ů60dBz̆ Ҋ ̃ ZDR13 

ץ ҹ ṿ ̆ ҹ-4.0dB ̆ қץ ZDR -0.5- 2.5dBӊ ̕ Ҭ ᶷ қᶷ14 

ZDRṿ̂2.0- 4.0dB̃ Ȃ ᶷ῀ Ӟ ZDRȂ CC15 

≢ ̂ 3d̃̆ Ҭ CC ̆ ԍ 0.94̆ 0.75 Ȃ16 

KDPṿ̆ 0.75°/km̂҉ץ 3ẽ ̆ Ҭ KD P ̆ 2.0°/km  17̆҉ץ

₮ ṿ̆ 8-12°/km ӊ Ȃ 18 

ץ 3ҩ ҉ ZDR ҹ ṿ ̂ ṿ -4--5dBӊ ̃̆ ғѿ ᵈ⌠ 178km19 

̂178kmץ ̃̆ ԍ — ⁞ ̂Ryzhkov, 2007̃ ̆  20ץ

66- 70dBz ҹ — ̆ ҉ ZDR21 

ṿ Ӟ ᵬҹ — ∞≢ᶭ ̆ Ӟ ץ ԍ ṿȂ  22ץ

҉ CC ҹ ṿ ̂Ů0.9̃ ̆ғѿ ᵈ⌠ 178km̆ ԍ ҉23 

ᾟ ̂Ryzhkov, 2007̃ Ȃ қץ 60- 70dBz Ẓ ZDR ᵞ CC̆ZDR24 

-0.5- 2.5dBӊ ̆CC 0.7- 0.95ӊ Ȃ — ȁ CC ̆—25 

C̆C ̂Ryzhkov, 2007̃Ȃ 15:31- 15:41ӊ 10№ ҹ 17.9mm̆ ῒҬ 15:33ȁ26 

15:34 15:35№ №≢ҹ 2.4ȁ2.2 2.5mm̆ ΐ ̂ 120mm27̆̃҉ץ 

Ȃ ̆ KDP̆ ̆ —28 

Ȃ ∞≢̆ 65dBz҉ץ ҹᵄ — ̆ ’ — ₮29 

қ ̂ 3ã ̆— ғ 50mm҉ץ — Ȃ 30 
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3f 15:30 ⱴԅ ZDR ṿ ̂ZDRů3dB̆ ̃ KDP ṿ ̂KDPů2°/km̆1 

̃Ȃ҉ ѿᶷ̂ ᶷ̃ ṿ 3dB ҉ץ ZDRṿ ZDR2 

̂Kumjian and Ryzhkov,2008; Kumjian et al, 20010; Kumjian , 2013b̃̆ Ẓ CC KDP̆3 

҉ № Ȃ Ҭ Ẓ ZDR ( ץ ԍ ⁞ ̆ Z4 

ZDR ԍ ṿ)  CC KDP̂ KDP CCҌ ⁞ ̆Kumjian , 2013ã ̆5 

ҹѿ — ̂ ̃ Ẓ — Ȃ Ҭ ᶷ6 

қᶷӞ 3dB҉ץ ZDRṿ̆ 50- 59dBzӊ ̆ KDP CCẒᵞ̆  7ץ

ҹҺ̆ ᵄ Ẓ — Ȃ 8 
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3  8 16 15:30 0.5°ᴀ Z(a), V(b), № ZDR (c),10 

῏ CC(d) KDP (e) 11 

Fig.3 Base reflectivity Z (a),base velocity V (b), ZDR (c),CC(d),KDP(e) at 0. 5° elevation from Qingdao radar 12 

15:30 BT on 16 Aug. 2019 13 
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4.1.2 1.5 £ᴀ PPI 1 

5aȁbȁcȁdȁe№≢ 15:30 Ẓ 1.5°ᴀ ZȁVȁZDRȁCC KDP֟ Ȃ Ҭ ⱴ2 

ԅҬ ̂ ̃̆ῒҬ 3.3km̆ 0Ņ ̂3.6km̃ץҊ̆ ҹ 50 3 

dBz ṿ ̆ ҹ 60 dBz ṿ Ȃ 4 

3.3km BWER̂ 4ã ̆ҍ ̂ 4b̃̆BWERῤ Z5 

̖20 dBz ZDR̂ 4c̃̆ ZDR̂ ̃̆Ῥ ZDR6 

⁞ ̆ ZDR ᵌ № ҉ ZDR ̂Kumjian and Ryzhkov,2008; 7 

Kumjian et al, 20010; Kumjian , 2013b̃̆ CC KDP ᵣ ̂ 4d,ẽ ̆ BWER8 

Ȃ 9 

ᵝԍҬ ᶷ̆ 65dBz҉ץ қ 12km̆ 73dBẑ 4ã Ȃ10 

Ҭ ZDR̂-1- 1dB ̆ 4c̃̆ CĈ 4d̆ҍ 3b ᵌ̆ CC11 

ᾟ ̃̆ KDP̂ 4ẽ қ ңᶷ Ҭ ̆ ץ —12 

ҹҺ̆ қ ңᶷ Ẓ Ȃ 13 

ҍ 0.5£ᴀ ̂1.6km ̃ 3̆.3km ҉ ̆ 73dBz̆  65dBz14҉ץ 

ԍᵞ ̂Һ ₮ ⁞̃Ȃ Ҭ Ҭ ZDR̂ №15 

ҹ ṿ̃ KDP̂ №ҹ ṿ̃̆ —ץ ҹҺғ ₮ ̆ ᵞ16 

KDP̆ ᵞ №— ѿ Ȃ Ҭ ᶷ17 

қᶷ ZDR҉Ҋ ≢ ̆҉ ̂1- 2dB̃̆Ҋ ̂2- 4dB̃̆Һ18 

Ҋ Ҭ Ҋ ₮ ҹ Ȃ 19 

 20 

 21 

 22 

 23 

 24 
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 26 

 27 

 28 

 29 
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 1 

4  8 16 15:30 1.5°ᴀ Z(a), V(b), ZDR (c), CC(d) KDP (e) 2 

Fig.4 Base reflectivity Z (a),base velocity V (b), ZDR (c),CC(d),KDP(e) at 1. 5°elevation  from Qingdao radar 3 

15:30 BT on 16 Aug. 2019 4 
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4.2 Ҳ  6 

5aȁbȁcȁdȁe№≢ 15:30 Ẓ 3.3°ᴀ ZȁVȁZDRȁCC KDP֟ Ȃ֟ ⱴ7 

Ҭ ̂ ̃̆ῒҬ 6.4km̂ ҍ -10 ̃Ȃ ҹ 50 dBz8 

ṿ ̆ ҹ 60 dBz ṿ ̆ ҹ҈ᵣ ̂TBSS̃ Ȃ 9 

ᵣ Ҭ 50dBz҉ץ ῤ BWER̂ 5ã ̆ ңᶷ10 

ᵄ ῀ ̆ ᶷ ̆ ᶷ ̂ 5b̃Ȃ11 

ZDR KDP ̂ 5c 5ẽ ̆ᵖ ṿ ȂZDR Ҭ қȁ ᶷ ̘1dB12 

ṿ ̆ ľ Ŀ№ ZDR ̂2.4°ᴀ ľ Ŀ№ ZDR ̆ 5.0km̆ ԍ 013 

̆ ̃̆ 4.6dBȂCC Ҭ № Ҋץ0.9 ṿ̆ CC ȂBWER ᶷ KDP14 

BWER
3.3km 

 

 

CC ṿ  ZDR ṿ  ZDR ṿ  

(a) (b) 

(c) (d) 

(e) 

ZDR  


