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Characteristics” Statistical Analysis of Gust Front Generated

by Moving Thunderstorms in Shanghai

TAO Lan DAI Jianhua LI Baiping CHEN Lei
Shanghai Central Meteorological Observatory, Shanghai 200030

Abstract: Using conventional weather observations, dual Doppler radar data, Global Forecast System (res-
olution is 3 km) analysis field data, automatic weather station data, characteristics including synoptic
background, sounding and radar features of 18 gust fronts generated by moving thunderstorms from 2009
—2014 in Shanghai are analyzed. According to the mutual interaction between gust front and its original
thunderstorm, these gust {ronts are divided into two types. The first type tends to appear during the de-
veloping period of the original storm, moving in the same direction with the thunderstorm while keeping a
certain distance, usually accompanied by the elevated rear-inflow jet (RIJ) and its lifetime is longer than
two hours. The other type usually occurs during the dissipating period of its original thunderstorm, mov-
ing far away from the thunderstorm in the same direction (12 cases) or different direction (4 cases). Sta-

tistical analysis shows that, as for the first type of gust front, it continuously lifts the warm and moist air
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in front of the storm while moving in the same direction with the storm. In addition, since the relative
strong vertical wind shear and convective available potential energy (CAPE) play an important role in the
maintenance of the height of the RIJ, the balance between the positive vorticity generated by RIJ and verti-
cal wind shear and the negative vorticity generated by the cold pool is favorable for the development of the
thunderstorm, so the thunderstorms develop and sometimes new storms initiate at the rear side of the gust
front. As for the second type, because the gust front moves away from the original storm, and propagates
as isolated waves, the cold and dry air at its rear side gradually weakens while affected by the environ-
ment. Gust front moving far away from the storm in the same direction cuts off the transport of the warm
and wet air into the storm. Simultaneously, in the weak-to-middle vertical wind shear and weak-to-middle
CAPE environment, the negative vorticity generated by the downward RIJ and cold pool is stronger than
the positive vorticity generated by vertical wind shear, and the updraft leans back over the cold pool.

These are unfavorable for the development of the storm. The lifetime of the storm is usually less than 2

hours.
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Fig.1 The 500 hPa (a,c) and 850 hPa (b,d) edge type (a,b) and upper-level trough type (c,d)

of sutropical high, and the 500 hPa and 850 hPa geopotential height and wind field
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Table 1 Characteristics statistics of 18 gust fronts generated by moving thunderstorms (range folding, RF)
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Fig. 2

T-Inp sounding diagrams for Baoshan, Shanghai. (a) edge type of subtropical high

at 08:00 BT 3 July 2010, (b) upper-level trough type at 08:00 BT Jul 14, 2012
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Fig. 3 Base reflectivity (a.d.g, unit: dBz) and radial velocity (b,e,h, unit: m+ s ')

and spectrum width (c,f,i, unit;: m « s=') of Nanhui Radar at 15:50 BT 20 June 2009 (a,b,c),
and 14:58 BT (d,e,f) and 15:09 BT (g,h.1) 12 July 2012
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Fig. 4 Base reflectivity (a,e, unit: dBz), radial velocity (b,f, unit; m+ s ')

of Nanhui Radar and corresponding cross section (c,d,g.h) along the white
dashed lines at 19:31 BT (a—d) and 20:30 BT (e—h) 24 August 2014

(White dashed lines represent the angle of cross section, white arrows represent RIJ,

pink ellipse is for gust front and white ring refers to thunderstorms)
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pressure (dashed line) , wind speed (2 min average, black line) and

wind direction (2 min average, black arrow) of AWS at Yongfenjiedao (a) and Jinshan (b),
during 19:30—21.30 BT 24 August 2014

(Gray dashed lines mean the time when gust front is passing)
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TE V& L 1Y BRI DR T3 B XD S 8 B0 38 15 00 7 A
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13 ¥y CAPE 4 B X Y] A8 &8 & F 55 45 1 K
L A 2 AN (2010 4FE 8 A 26 H 1 2012 4E 8 A
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0236 B X Y)AE #0 R F 4855 K AUA 1 kA
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Table 3 Statistics of synoptic elements and convective parameters when gust front generated in the dissipated stage of thunderstorms

H 101 K/C CAPE DCAPE (T-TwWsoonwea (T-T)700 wpa Ts00 hpa — Tsoowpa— Wsro—zim Wsro—6km  Vinax
' /) kg™t /] e kg™! /C /C Tssowra/ C Tozsnpa/ C /mes™! /mes™t /mes!
2014 4E 7 H 27 H 41 389 205.97 9 1 25 28 1.93 13.93 27.9
2010457 A 3 H 45 1597 258. 6 3 1 25 28 12.22 5.09 25.8
20094 6 A 5 H 33 1 732.9 19 6 30 34 8.72 7.94 23.3
20124E 7 H 14 H 40 131 265. 46 2 3 24 28 10. 08 18. 36 22.3
20124E 8 H 15 H 34 2419 484. 47 20 10 25 30 5.6 5.57 20.5
2010 4E 9 H 14 H 40 986 166.01 10 2 24 26 7.27 12.19 18.9
201247 4 12 H 44 883 359. 55 3 1 25 32 5.09 9.57 18. 8
2009 4FE 6 H 20 H 38 784 394. 8 10 5 24 30 7.37 9.93 17.8
201047 H 20 H 38 922 0 21 4 26 30 4.1 4.42 17.6
201247 H 2—3 H 38 2445 292.78 16 4 24 32 11.91 23.39 16.9
2010 4£ 8 H 26 H 27 2343 479. 95 15 13 27 29 7.56 5.07 15.4
20124E 8 H 21 H 19 407 0 15 17 25 29 3.45 2.09 12.3
2012457 H 6 H 37 1655 511.79 4 6 27 34 12. 88 14.52 22.5
201048 A 16 H 32 84 475. 44 2 5 28 31 7.2 8. 06 21.2
2011 4E 8 A 11 H 40 1635 253.68 1 3 26 30 0.82 9.4 18.0
201349 H 10 H 30 8 0 18 7 23 28 4.92 13. 97 11.9
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T 534 .
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5 B 589 hPa; 4 E M X 115°E Fffi A — kK
B4 A1 A DATRT A A 35 1) i foft e 3 B VY g K 5 700 hPa
P AE 2 AL 77 A 8 28 5t v Hh X il ) B P /4 45, 850
hPa Y48 26 i B 5 700 hPa ) 48 £ Bk A& — 5 (&
WD . bR b A AR RS X, 1 R TR

AR TEIG S RV A AR A R HES
IR BT 31 R 2R L AR S22 B g bt R o A L
AT 2 450 1) S S S8 R 6 52, L ) g [l 8 it
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Jig . FELZ SR b, B AE A8 3l 5 e A0l )
W XU i O DR 1) A D 2 25 R 2k 320 ¥ 0k 55 A2
FLRZ WA, V0 VR R AR M XA 2 A A Bk B
TR R (AL 34. 9 mm « h™' F1H W R
B 29.6 mm«h D 3AEAFEHIT 8 G 12
NEBIHBT 7 HRA.

2010 4F 7 H 20 H 19:21, 7RG ICTE 5 0. 5° 4 £
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UK 55 o E BRI T SR 0 B XU (B 61 R
R e R A T B ¥ o =R N RN A = e KA R
U855 AR 2 Y R CHS DD 1R 98 B B O
(B 67) . 20:42, B XUEE 1 fie K 5t 56 B 7 3 5k 3]
15 dBz, 3f H 80 78 B W1 = JE 4544 5 20 . 42, Bf:
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20.01

K6 201047 H 20 H 19:21Ca,d,g.h).20:01(b,e,i,))
20:42Ce, £k, DRFIL T K 0. 5° 00 A S 4T R T 18 (as by e Hifi :dB2)
R B (dye, £ B am o 870 Sedd 1 68 8 2R A9 AR Ry i) il (g~ D)
CPA o R 4R A 2 L 0 TRI 7 5 % B DRV o €00 A TR0 3 B DR P 00 A (B s 1 P 2 A 1) A o 1 650 7 S s T AT 2 90D
Fig. 6 Base reflectivity (a,b,c, unit: dBz), radial velocity (d,e,f, unit: m * s~ ') and corresponding of
Nanhui Radar cross section (g—D at 19:21 (a,d.g,h), 20:01 (b,e,i,j) and 20:42 (c,f,.k,DD BT 20 July 2010

(White dashed lines represent gust front and the radial angle of cross section, pink ellipse

represents gust {ront, black ellipse represents MARC and white arrows represent RIJ)
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Fig. 7 Tllustration of gust front passing
Songjiang and Jinshan on 20 July 2010

(Dashed line represents gust front,

and arrow refers to the moving direction)
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Fig. 8 Same as Fig. 5, but at Qingpu (a) and Jinshan (b) during 19:30—21.:30 BT 20 July 2010

x4 BEHENMESLBHHERTNH
Table 4 Synoptic elements of AWS at Jinshan and Songjiang

wig BEKHT R E R/ C o I BE BRI/ C & S BRIRE/ C SUETHIE/hPa J KR /m o+ s7 1
HH 1.3 3.4 2.3 1.0 14. 4
41l 2.5 4.6 5.1 1.9 11.3
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Fig. 9 Base reflectivity (unit: dBz) of Nanhui Radar at 15:26 (a)., 15:32 (b),
15:39 (¢), 16:32 (), 16:32 (e) and 17:19 (f) BT 10 September 2013
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Illustration of gust front and see

(Dashed line refers to gust front, black line is for sea

breeze front and arrow for the moving direction)
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