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Analysis on Interaction of Thunderstorms and Evolution of Mesocyclones

TAO Lan DAI Jianhua SUN Min
Shanghai Central Meteorological Observatory, Shanghai 200030

Abstract: Thunderstorms were generated in a weak vertical wind shear and strong unstable environment
beginning from noon 1 August 2013 in Shanghai. During the developing process of the thunderstorms,
three mesocyclones were detected, and especially during the formation of the second mesocyclone, charac-
teristics of a classic supercell were found after the merging of two storms, such as low-level hook, pendant
echoes, mesocyclone and TBSS (three-body scatter spike). Using conventional weather observations, dual
Doppler radar data, automatic weather station data and wind profile radar data, the main formation mecha-
nisms of the first two mesocyclone’s were found to be as follows: (1) the join of the previous thunder-
storms’ outflow strengthens the environmental convergence and intensifies the lift of warm and moist air.
(2) The outflow of thunderstorms strengthens the low-level vertical wind shear which is favorable for the
formation of mesocyclone. In addition, due to the merging of the two thunderstorms, the intensified up-
draft and the strengthened rotation of the strom play important roles in the formation of the supercell me-
socyclone. Then, during the formation of the third mesocyclone, the outflow of the storm was lifted by the
downdraft of the adjacent storm, thus the rotation of the outflow and inflow in the mid and low-level was
detected as the mesocyclone.

Key words: mesocyclone, gust front, storm merging, supercell, dual Doppler radar wind field retrieval
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Fig. 1

T-logp sounding diagrams and convective indices (a) for Baoshan, Shanghai, at 08.:00 BT 1 August 2013,

(b) the same as (a) but using the daily high temperature and corresponding dew point as surface observations
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Fig.2 Automatic weather station observations at 12:05 BT 1 August, 2013

(a) temperature, (b) wind with relative humidity

(Black curves depict boundary convergence line)
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Fig. 3 Base reflectivity (unit: dBz) during 14:48—16.06 BT (a—1), 1 August 2013 at 3. 4° elevation of WSR-88D

(White rings depict thunderstorms)
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Fig. 4 Cross section of reflectivity (unit: dBz) during 14:54—16.06 BT
(a—D 1 August 2013 of WSR-88D
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ZEE (B :m-s™")
Table 1 Rotational velocity (unit: m + s™') of each

mesocyclone at 1,5°—4, 3°

I ) : L :

1.5 2.4 3.4 4.3
15:00(M1) / 12.0 12.0 12.0
15:06(M1) / 12.0 12.0 12.0
15:12(M1) / 12.0 12.0 15.0
15:30(M2) 11.0 11.0 8.0 11.0
15:36(M2) 12.0 18.5 15.5 12.0
15:42(M2) 9.5 12.0 12.0 12.0
16:06(M3) 12.5 12.5 15.0 12.5
16:12(M3) 11.0 16.5 14.0 14.0
16:18(M3) 8.0 12.5 14.0 12.0

R2 ZRPEEHNKRSHIMS
Table 2 Base height and top height of each mesocyclone

B 8] (G5 K/ km T /km
15:00(M1) 3.27 5. 94
15:06(M1) 3.27 5. 94
15:12(M1) 3.28 6.13
15:30(M2) 1.83 5. 36
15:36(M2) 1.85 5.41
15:42(M2) 1. 85 5.43
16:06(M3) 1. 60 4.74
16:12(M3) 1.62 4.74
16:18(M3) 1.65 4.51
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Fig.5 Base radial velocity (unit:m * s ') at 15:00—16:18 BT (a—1),

1 August 2013 at 3. 4° elevation of WSR-88D

(Black rings depict mesocyclone)
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Fig. 6 Base reflectivity (a—{,unit; dBz) and base radial velocity (g—1, unit;: m+s ')
centered on supercell at 15:36 BT, 1 August 2013 at 0.5°—6.0° elevation of WSR-88D

(Purple arrows point to TBSS, black rings depict mesocyclone)
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Fig. 7 Base reflectivity (a—c,unit; dBz) and base radial velocity (d—1{, unit: m « s™') respeitively at 14:54,15:24

and 15:54 BT 1 August 2013 at 0. 5° elevation of Qingpu
(Black triangle represents QP-98D, white dotted lines depict gust front, white ellipses

depict divergent area, red cross depicts the position of mesocyclone)
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