
 

1 

doi:10.11676/qxxb2019.021       

 

ҩ Ғ үᶡ ᵩ ⅎ  
1
  

2
  ↔

1
 

YANG Bo
1
 SUN Jisong

2
 LIU Xinhua

1
 

1. Ҭ ̆ ֤̆100081 

2.Ҭ ̆ ֤̆100081 

1. National Meteorological Center, Beijing 100081,China 

2. State key Laboratory of Server Weather, Chinese Academy of Meteorological Science, Beijing 100081, China 

2018-04-23 ̆2018-10-12 . 

 

̆ ̆↔ .2019.ң Ҍ ҩᶛ ᵣ № . ̆77̂

℮̃̔  

Yang Bo, Sun Jisong, Liu Xinhua. 2019. Comparative analyses of two supercells with different 

types of disastrously winds. Acta Meteorologica Sinica, 77(in press)(in Chinese) 

 

Abstract Surface data with minute-resolution from automatic weather stations, weather radar data 

from Yancheng, Huaian, Yueyang and Jingzhou and ECMWF ERA-Interim global high resolution 

reanalysis data are used in this study. The characteristics of the circulation environment and the 

structure of two supercells are comparative analyzed. One supercell induced a tornado on 23th 

June 2016 and the other triggered downburst on 1
st
 June 2015. The results are as follows. 1) The 

convective disasters occur in similar circulation environment. The supercells with disastrously 

convective winds appeared on the east side of the 850hPa low vortex and the left warm zone of 

low level jet. The distance between the center of low vortex and disaster area is about 600 to 700 

km. There is also a small difference in the CAPÊmore than 2000J/kg̃. However, their features of 

the wind disaster are different, frightful disaster in Funing is mainly caused by tornado, and the 

accident of the "Eastern Star" on the Yangtze River is directly connected with downburst. The 

relative positions between maximum flash precipitation and windy disaster are different during the 

two convective activities. The maximum flash heavy precipitation̆ corresponding with supercell 

center,  is on the left side of the moving direction of the Funing tornado. The ship capsizing 

accident is located at center of heavyprecipitation during the severe convective weather. The 

relative position of the wind disaster against the instantaneous strong precipitation center is 

favorable to distinguishing downburst or tornado caused by supercell. 2) The vertical wind shear 

of the environment has an important influence on the structure, development and maintenance of 

convective storm. The environmental vertical wind shear of 0-6 km reached 4×10
-3
/s just before  
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Funing tornado. The structure of the supercell is tilt forward with height, corresponding to a strong 

inclined updraft and bounded weak echo region (BWER). However, the environmental vertical 

wind shear is only about 2.3×10
-3
/s in Jianli, and the updraft of the storm cell is almost vertical. 

Before the Funing tornado happened, the supercell with mesocyclone was first monitored in 

northwest of Jiangshu province, corresponding to environment with stronger vertical wind shear 

under 1.5km and large storm relative helix of 0-3km. As the storm move toward east with lower 

LCL (lifting condensation level), the bottom of the mesocyclone decreases gradually, and the 

tornado appeared finally. However, the 0-3km relative storm helix and 0-1.5 km vertical wind 

shear along Jianli storm moving direction are much weaker than that during the Funing tornado. 

The bottom level of the mesocyclone in the storm is not lower than 1.6 km, together with weaker 

intensity and more unstable duration of the mesocyclone. 3) The vertical structure characteristic of 

environmental humidity is an important factor to distinguish types of disastrously convective wind. 

During the storm activity in Jianli, Corresponding to observation records at automatic weather 

station, the pressure evolution is a cone-shape that quickly jumps up and drops rapidly with 

temperature decreasing. The pressure peak appeared 4 minutes earlier than the precipitation peak. 

It is connected with strong evaporation of the water material when the deep environmental dry air 

in the mid-troposphere is involved in the convective storm. In Funing disaster, cool pool effect in 

surface is relative weak, corresponding with a very shallow dry layer in the middle layer and a 

deep saturated atmosphere in the low level of the environmental atmosphere.  

Keywords:  Disastrously convective wind, Supercell, Tornado, Downburst 

   [ ] № ⱴ ꜚ ̆ ȁ ȁ ץ̆ ECMWF

№ ERA- Interim ῃ Ῥ№ [̆ ] № ԅ 2016 6 23

2015 6 1 ≠Ҋ₯ ҍ ᵣ Ȃ

̔̂ 1 [̃ ]ң ᵌ ᵞ Ҋ̔ ᵞ

₮ ᶷ ῤȁ850hPaᵞ Ҭ қᶷ 6- 7ҩ ᵝ ̕

ᵝ ԍ 2000J/kgȂᵖ Ҍ ̆ Һ ᵣ ̆

≠ľқ ӊ Ŀ Ԋ Һ ᵣ Ҋ₯ Ȃ Ҭ ҍ Ҭ

ᵝ Ҍ ̔ ꜚ ᶷᵄ ̕ ≠ Ԋᴆ

̆ Ҭ ҍ Ҭ Ȃ[ ] ԍҌ ᵝ ҍ

ᵣ ᵣ Ҭ ᵝ ῏ ҉ ̆ ҍ Ҭ

ᵝ ꜛԍ № Ȃ̂ 2 [̃ ] ℗

ȁ ȁ [̔ ] ῒ̆҉ 0- 6km ℗ 4¦10
- 3
 /s̆

ᵣ ╠ẁ ̆ ̕ ≠ ᵝ 0- 6km

℗ 2.3¦10
- 3
/ s ̆ ᵣҬ ҉ Ӎԍ Ȃ ᵣҬ ̆

ᾢ₮ 0- 1.5km ℗ 0- 3km ṿ ̆ ₀ ᵞ

ꜚ Ҭ̆ῒ Ҍ Ҋ ̆ ̕ ≠ ̆Ҭᵞ ℗

̆ ᵣҬ Ҭ ȁ ̆Ҭ

1.6km Ȃ̂ 3 [̃ ] Ҍ ᵣ Ҍ

Ȃ[ ] ≠Ҋ₯ ̆ Ҋ Ҭ̆



 

3 

Ҋ ľ Ŀ ̆ ṿ ṿ ╠ 4№ ₮ Ȃ

ҍ Ҭ Ҭ ҹ ῀ Ҭ ‛

῏Ȃ Ҭ̆ Ҭ ֽ ̆ⱴӊᵞ ҹ

̆ ‛ Ȃ 

ῗ :  , ᵣ, ,Ҋ₯  

Ҭ №   P458 

1  

̆Һ ȁ ȁ— ȁ

Ȃ[╠ֲ ] ҉ҕ 70 ף 80∆̆ ̂1979̃ Ҁѿ ̂1981)

№ ̆ ₮ԅ ѿ֓ ̆ ₮

Ҭ҉ ‛ ᵬ Ȃ ⱴ̆ ≢

ױֲ̆ ȁ ȁ— ȁ ҍ ᵣ

῏Ȃ ᵣ Browninĝ 1962̃ ₮̆ ᵣ ӈҹ
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҉ ̆ Ҭ ҳ Ȃ

̂2012̃ № 128 ҩᶛ ̆ ̆ Ҭᵞ ȁ

Ҭᵞ ℗ ȁ ṿ — ȁ ̕

̂2015̃ 10 Ԑ Ҭ № ̆ ₮

╠ қ ᶷ,ᵝԍ 0- 1km ℗ ṿ ̕ ╤ ̂2016̃

№ ₮ Ҭ ᶷ

( 100km)ȁ ᵞ Ҭ ᵞ Ҋ 200- 300km ᵞ ᶷӊ

Ȃḡ (2008)ȁ ̂2009̃ ᵣ

ҹ № Ȃ҉ ̔ ᵝ ℗ ≠ԍ

ᵣ ̆p Ҍ ᴆ ᵣ ῒ̆

ӞҌ ̆ ᵣᵄ ‛ ᷅῀̆ ᵣ ᵞ ℗

₀ Ȃ 

ѿҺ ̆ ӎ

Ҋ̆ ֓ ̆ ≢



 

4 

ҹ ’Ȃ ̆ ᵥ≠ ≢

Ҭ Ӟ ҙⱵҬ ҳ Ȃ ̂2016̃

10 Ҭ Ṝ № ̆ ₮Ҭ

Ҭᵞ ℗ Ҭ ̆ ᵞԍ ṿ̆ғҬ ̕

̂2013̃ ṿ ₮ ℗ ȁҬᵞ ℗ Ҋ,

ᵞ ҹ ‗ : Ҋ ̆ῒҬ

ᵣ ⌠Ҭ ;ᵞ Ҋ ₮ ѿ ᵣ ‖ Ȃ 

[ ӈ] ȁ ̆ ԍ ᾟ ̆

ᵄ ̆ ᴆ ѿ֓ ᵌ ̆ ӎ
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2016 6 23 14:00- 15:00ȁ2015 6 1 20:00- 21:00
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ԍ ӎ № ҈ ̆ Ҭ

̂ ̆2012̃ȂҌ ̆ ΐ Ȃ ̂2012̃
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3 ȁ ≠  
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/ŝ Ȃ̃ῒҬ

14:08- 14:54 ῤ Ҭ ₮ῖ TVŜ ̃ ̔TVS Ҍ Ҋ ̆
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1 2016 6 23 14:26 0.5зᴀ ̂ Ҭ Ҭ ᵝ , Έ

14:08- 14:54 ᵝ ̆ ꜚ ̆ ꜚ ̆ ҈

ꜚ ᵝ ̆ №≢ ∆ Ҭ ȁ ῾ҙ ȁ ̃

(a) (b)  

Fig.1 Radar echo of 0.5 £elevation  in Yancheng at 14:26 23th June 2016  ( The white 

circle is the location of the mesocyclone ,  The blue hexagonal shapes are the tornado 

position s at 14:08 - 14:54, the blue line s are the tornado moving track , the arrow 

is the tornado moving direction, the black triangle s are the regional automatic 

station position s, From left to right, which are respectively Banhuzhen Junior 

Middle  School, Xingou zhen Agricultural Demonstration garden, Jinsha hu Scenic Spot)  

(a)  Echo intensity  (b)  Radial velocity  Dealiasing  
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5m/s ⱴ 22m/s ̆№ ̆ 0.8mm/min̕ ̆
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2 2016 6 23 14:00- 15:00 ꜚ № ( ̂ ̆

ᵝ̔Ņ ȁ̃ ̂ ̆ ᵝ̔mm̃ ѿ№ ῤ ̂ ᵝ̔m/s̃ )  (a)

∆ Ҭ ȁ( b) ῾ҙ ȁ( c)  

Fig.2 The time series with minute - resolution  of meteorological elements  between 

14:00 -  15:00 23th June 2016  ( Temperature(the blue line s, unit:£C),  Precipitation 

(histogram, unit:  mm) and instantaneous maximum wind in one minute (unit:  m/s))     

(a)  Banhuzhen Junior Middle School (b) Xingouzhen Agricultural Demonstration garden 

(c) Jinshahu Scenic Spot 

3 2015 6 1 21:21 0.5зᴀ ҍ Ȃ ≠

ѿ қ ꜚ̆ Ҭ̆ ҩ ᵣ ꜚ̆ῒҬ ᵣ
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- 3
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ꜚⱬ ѿ ̂Doswell,2001 Ȃ̃ ̆ ╠ Ҭ ľқ ӊ Ŀԍ21:24

ᵬ Ҋ ₮ ṕ ̆ ԍ21:32 ẁ ĺ ᵣҺ ⌠ԅ

Ẓ ẁ ̆ ҍᵞᴀ ѿ Ȃ 

 

3 2015 6 1 21:21 0.5зᴀ ( Ҭ ᵝ , ҈

ҹ ꜚ ᵝ ̆ AȁB№≢ ңҩ ᵣ̆ PUP ≢ Ҭ ) (a)

(b)  

Fig. 3 Radar echo of 0.5 £elevation  i n Yueyang at 21:21 1
st
 June 2015 ( the black dot 

is the location of the wreck, the black triangle is the automatic station location, 

the letter A and B correspond to two convective storm, and the white circle is the 

mesocyclone identified by PUP )  (a)  Echo intensity  (b)  Radial velocity .  

ԍ ῃ ̆ ⌠ ̆p

׆ ץ ₮̆ Ҋ₯ Ȃ
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4 2015 6 1 21:00- 22:00 ≠ ꜚ № ( ̂ ̆

ᵝ̔Ņ ȁ̃ ̂ ̆ ᵝ h̔Pãȁ ̂ ̆ ᵝ̔mm̃ ̂ ᵝ̔

m/s̃ )  

Fig. 4 The time series with minute - resolution  of meteorological elements at Jianli  

automatic station between 21:00 - 22:00 on 1
st
 June 2015 (  Temperature ( the blue lines, 

unit: Ņ), Station Pressure (brown lines, the unit: hPa), Precipitation (histogram,  

unit: mm) and wind (unit: m/s))  

≠ ᵄ ̆ ԍ └Ҍ ̆

ҍ Ҭ ᵝ Ҍ Ȃ 5a 1 ῤ̂ 14:00- 15:00

̃̆ ץ 14:26№ TVSҹҬ 100x100km̂ ӈҹ Ã № ̔ ̆

ҹ 56mmȂ 14:08- 14:54 PUP֟ ≢ TVŜ ῒ

800mץҊ̃ ꜚ ̆ ꜚ ᶷ̆ҍ

Ҭ 30km ȂῬה № 10№ Ҭ ҍ ᵝ ̆

ꜚ ᶷ̂ ᶷ̃ ₃Ὲ ̆ᵄ ṿ̆ῒ

15- 20mm/10№ ̆ ̔ Ҭ ҍ Ҭ Ҍ ̆

Ҭ Һ ԍ ᶷ ̆ ᵣ ᵣ ᵣ Ȃ

̆ ₯ ̆ ꜚ ᶷ̂ ᶷ̃ — ̆

Ҭ 4- 6km ̆ — ᵝ Ҭ Ȃ 5b ץ ≠ ҹҬ

100x100km̂ ӈҹ B̃ ῤ 21:00- 22:00 № ̔ ̆

ԍ ̆ ⌠ 97mm̆ ᵝ

̆ 10№ Ӟ Ҭ ῒ̆ 21- 25mm/10№

ȂӞ ̆ Ҭ ҍ Ҭ ̆ ᵝ

қ ꜚȂ 

ҍ Ҭ ᵝ Ҍ ̆ ԍҌ ҍ ᵣ ᵣҬ

ᵝ ‗ ̔ ԍ ᵣ╠ᶷ῀ ̂ ̃ ̆ῒ

̂ҍ ̃ᵝԍ ꜚ ᶷ( ᶷ̆ 5a)̕

ᶷ̆ ⁞ ̆ᵖ ̆ ̆
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Ҭ ҍ Ҭ 4- 6km ᵝ Ẓ Ȃ ≠ ԊᴆҬ̆ Ҋ₯

ҍ ᵣҬ Ҋ ῒ̆ └Һ ҍԐҬ Ҋ ᵬ

ᵬ ῏̂Johns,etal,1992 ̕ ̆2013̕ ҽ ̆2017̃̆

ᵣҬ ᵝ ̂ ̃̆ Ӟ Ҭ Ȃ 

 

5 (a)2016 6 23 14:00- 15:00 № ̂ Ҭ 1 ̕

Έ ꜚ Ȃ ꜚ ̆ ꜚ ȂҊ ̕

№ ṿ̆҉ ̆Ҋ 10№ ̆ ᵝ̔mm̕ ₯

— ᵝ ̃ (b)2015 6 01 21:00- 22:00 ≠ № ̂ Ҭ 1

̕ Έ ᵝ ̕ № ṿ̆҉ ̆Ҋ

10№ ̆ ᵝ̔mm̃  

Fig 5. (a) Convective precipitation distribution  of Fujing between 14:00 - 15:00 on 

23th June 2016 ( The color shadow is 1 hour precipitation; t he red hexagonal shapes 

are the tornado tracks , the subscript is  time; Orange dots are 10- minute rainfall 

maximum. The superscript is  time, and the subscript is  10 minutes of precipitation , 

unit: mm ;  The orange diamonds are the location s of the eyewitness hail )  (b) 

Convective precipitation distribution  of Jianli between 21:00 - 22:00 on 1
st
 June 2015 

( The color shadow is 1 hour precipitation; t he black hexagonal shape is the position 

of the wreck; Orange dots  are 10- minute rainfall maximum. The superscript is time, 

and the subscript is 10 minutes of precipitation, unit: mm ).  

4 ᵣ  

6a 2016 6 23 14:20 ̆ ѿҩ ̆

10km ̆ ῤ̆ қ ꜚȂ 6b ԍ ȁ

ң (ң 110km )̆ ҈

̂ ̆2012̃Ȃ ̆14:26 Ҭ ̆

2000m ҉̆ ԍ 15m/s қ ̆ ᶷ̆№

≢ ԍ 20m/s ̆ ꜚ̆

ῒ ⌠- 130¦10
- 3
/s̆ ᵝԍ Ҭ Ȃ׆ TVSҬ Ạ ╩

̂ ̃ ץ ⌠̆ ⌠ 15km ̆60dbz ⌠ 10km ̆

ꜚ Ȃ ԍ 0- 6km ℗ ̂ 9ã̆ ╠ẁ
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̂BWER̃̆ ₮ῖ ᵣ Ȃ 6cȁ6d 14:26 №≢ 33.71зN̂

TVSҬ ̃ 119.73зN Ạ қ ( ᵌ ᵣ ꜚ ) ╩ Ȃқ

҉̆ ᵣ ᶷ ѿҩ 5km̆ 10km ẁ ̆Ҭᵞ

5̆000m Ҭ ⌠- 180¦10
- 3
/s̆ Ҭ ↕ Ҋ ̆

̆ 10000m ̆ ⌠ 210¦10
- 3
/sȂ

( 6d)̆ ѿ ҉ ̆ῒ ᶷ 3- 4km ᵝ

Ҋ ̆ Ҭ ᵝԍ 5km ῒ̆ ᶷ 10km ῤ 50- 60dbz ̆

Ҋ ĺ Ҭ ᵞ̆ Ȃ ҉ Ҭ̆

ҍ ̆ ҍ ꜚ ̂ ̃ᶷ 10km

ῤ ᵄ ѿ Ȃ҉ № ̆ ҙⱵ №

҉ ̆ ҹ ᵣ ҈ ̆p

№ Ȃ 

       

   
6 (a) 2016 6 23 14:20 ̂ Έ ҹ ᵝ ̆ ҹ

ꜚ ̆ ҹ ꜚ ̃(b) - (d) 2016 6 23 14:26 ȁ ҍ
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Fig. 6 (a) Surface wind field at 14:20 23th June 2016 ( The red hexagonal shapes are 

the tornado position s, the red line s are the tornado moving track , the arrow is the 

tornado moving direction ) (b) - (d) Radar mosaic and retrieval velocity field of 

Yancheng and Huaian at 14:26 23th June 2016. ( b) 2000 m ec ho (Unit: dBz) and wind 

( unit: m/s)  and divergence (white lines, unit: 10
- 3
/ s);  (c) Along 33.71зN east- west 
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