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Study on Formation Mechanism of a Summer Cold Sector Torrential Rainfall

LI Ruiping' WANG Xiuming” XIA Yang” ZHOU Jinhong'
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2 China Meteorological Administration Training Centre, Beijing 100081

Abstract: By using conventional meteorological data, satellite data, radar data and NCEP reanalysis data,
the instability formation process of a torrential rainfall from Taiyuan to Shijiazhuang on 9 July 2013 is stu-
died. The results show that the torrential rainfall near Taiyuan occurred after light stratiform precipitation
existed for six hours. The convective precipitation with weak thunder and lightning was embedded in the
stratiform and it was located behind the cold front, more than 120 km away from surface front. Such cold
sector torrential rainfall is easy to be missed. From 08.00 BT to 14:00 BT, depth of planetary boundary
layer (PBL) cold air was continuously deepening, the dry and cold air mass with low pseudo-equivalent po-
tential temperature extended from northeast to southwest, and the unstable atmosphere was situated over
the stable boundary layer, so the torrential rain was caused by elevated convection. The northeast wind at
850 hPa and the southwest wind at 500 hPa were strengthened at the same time, baroclinicity of frontal
zone got stronger, the atmospheric stratification was transformed from absolute stability, which was al-
most neutral, to potential instability by the dry advection in 400—500 hPa and was moistened at lower level
by frontal lifting. The potential unstable layer changed to conditional unstable layer by the frontal lifting

of warm and humid air layer. In the afternoon, the atmosphere was absolutely stable near Shijiazhuang.
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The convective lines parallel to the thermal wind were observed near Shijiazhuang Radar Station. The me-

soscale parallel convective lines were forced by conditional symmetric instability.

Key words: torrential rainfall, potential instability, conditional symmetric instability, elevated thunder-

storm
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Fig.1 The accumulated precipitation (a) and single-station hourly rainfall (b)
in 08:00 BT—20:00 BT 9 July 2013

(White circles in Fig. la are Dingxiang, Taiyuan, Xiangyuan Stations from north to south, white squares are

weather radar stations in Shijiazhuang, Taiyuan and Changzhi {from top to bottom)
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Fig. 2 Integrated analysis chart at 08:00 BT (a) and 14:00 BT (b) 9 July 2013

(in Fig. 2a, -y temperature drop >>2C; in Fig. 2b, wind barb: 850 hPa dense observation data,

unit; m+ s '; values; T— Ty, unit: C; solid line: mixed torrential rain area; shadow: severe convection)
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Fig. 3 The 850 hPa (red) and 500 hPa (blue) wind at 08.:00 BT (a)
and 20:00 BT (b) 9 July 2013

(Based on sounding interpolation 1°X 1° grid data, brown thick dashed line; 850 hPa horizontal wind shear,

red solid circle: the location of Taiyuan, black line, blue line and green line

in Fig. 3a indicate the section position in Fig. 9)
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Fig. 4 Satellite visible imagery and TBB (unit: K) at 09:00 BT (a),
14.00 BT (b), 15:00 BT (), 16:00 BT (d) 9 July 2013
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Fig.5 Reflectivity from Taiyuan Radar at 2. 4° elevation at 14:06 BT (a), 15:22 BT (b),
16:08 BT (¢), 17:00 BT (d) 9 July, and reflectivity from Changzhi Radar
at 0. 5° elevation at 15:22 BT (e),16:08 BT (f) 9 July 2013
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Fig. 6 The composite reflectivity from Shijiazhuang radar at 14:00 BT (a) and 14:30 BT (b) 9 July,
reflectivity at 0. 5° elevation at 14:48 BT 9 July 2013 (c¢) and the reflectivity

vertical section (d) along the brown red thin line in Fig. 6¢
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Fig. 7 Skew T-Inp plot of the Taiyuan (a, b) and Xingtai (c, d) upper-air sounding at 08:00 BT (a, ¢)

and 14:00 BT (b, d) 9 July 2013, and vetical profiles of potential temperature (blue-green line) ,

pseudo-equivalent potential temperature (yellow line) and saturation pseudo-equivalent

potential temperature (blue line) at 08.:00 BT (e) and 14:00 BT (f) at Taiyuan Sounding Station
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