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Abstract A preliminary analysis of low-level dynamical and thermo-dynamical effects on a squall line case occurred in North
China on 23 July 2009 is implemented, based on 4DVar assimilation to 6 CINRAD radar observations and numerical simulation
with a three-dimensional cloud model under a rapid update cycling mode. The results indicate that the squall line is under the
conditions of low-level moderate shear environments and the interaction of the low-level vertical wind shear with the cold pool is
the key mechanism for structure and evolution of the squall line. There is strong low-level vertical wind shear but weak cold
pool during the initial period of squall line development with a ratio of C, the speed of the cold pool propagation, to AU, the
component of the low-level shear perpendicular to the squall line, less than 1 (i.e. , C/AU<C1). The squall line echo observed
by the radars leans downshear during the initial period. The buoyant environment with high CAPE and low LFC has a signifi-
cant effect on development and intensification of the squall line and overcomes the disadvantageous impact of imbalance between
the low-level shear and the cold pool to the squall line evolution during the initial period. The cold pool is distinctly enhanced
because cold air descends to and deposits near the surface, which results from the convective precipitation induced by squall line
storms so as to cause the line-normal low-level shear and the cold pool to gradually attain an approximate balance and optimal
state (i.e. , C/AU==1) which leads low-level air to generating the strongest vertical updraft during the enhanced and mature
phase of the squall line. The squall line has the strongest intensity and the line echo observed by the radars is much more up-
right lifting during the period. With time and continued precipitation, the disadvantageous conditions that the strength of the
storm line system-generated cold pool evidently overmatches the strength of the low-level shear (i.e. , C/AU>>1) causes the
squall line to gradually dissipate. The storm line echo observed by radars distinctly broadens and tilts upshear with very low
height of strong echo top during the decay period of the squall line, Both the qualitative analysis and quantitative calculation
from the simulated results show the influence explanation of the low-level shear and cold pool interaction on the squall line de-
velopment is accordant to the RKW theory for addressing the squall line structure, evolution, and intensity by the relative bal-
ance between the cold pool intensity and the low-level shear magnitude that advanced by Rotunno and Weisman et al. In addi-
tion, simulated results indicate low-level 0 — 3 km shear is most important to squall line development whereas 0 — 6 km shear
has also positive effects on squall line evolution, especially while the squall line is at its best survival state.

Key words Low-level vertical wind shear, Cold pool, Squall line, Numerical simulation
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Fig.1 Two-dimensional (storm line-normal) conceptual model of
the influence of the cold pool and low-level vertical wind shear
interaction on squall line evolution based on RKW theory

(“+7” and “ -7 denote positive and negative vorticities, respectively)
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Fig. 2 Hodographs from the 54401 sounding
station at Zhangjiakou (a) and the 54511
sounding station at Beijing observatory (b)
at 08:00 BT 23 July 2009, and rawinsonde

observations and hodographs [rom the 54511

sounding station at Beijing
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( The coordinates are wind speed in m/s and marked
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A long bar and a short bar denote 8 m/s and 4 m/s.

respectively, in the right-hand wind profile panel (¢))
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Fig.3 Composite refllectivity mosaic from 6 CINRAD radars in North China from 13:00 to 21:00 BT with 1 h
interval on 23 July 2009. BJRS, TJRS. SJZRS. QHDRS, ZBRC and CDRC denote S-band radar sites of
Beijing, Tianjin, Shijiazhuang, Qinhuangdao, and C-band radar sites of Zhangbei and Chengde, respectively.

The abscissa and ordinate are for longitudes and latitudes, respectively
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Fig. 4

(The labels V1 — V9 on top of the diagram represent the input radar volume scan data to be assimilated. The times

Hlustration of VDRAS 4DVar assimilation and rapid update cycles

in minute illustrate the end times of each radar volume scan. The background analysis is performed at the start
of each cycle and the final analysis is written out at the end of each cycle. A six-minute forecast follows

each cycle for the first guess field of warm-start)
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Fig.5 Composite reflectivity mosaic from 6 CINRAD radar observations (color shaded) ., simulated

perturbation temperatures (contours) and wind fields (vectors) at the lowest model level at 13:41 BT (a),

15:29 BT (b). 17:35 BT (c). and 19:23 BT (d) 23 July 2009(The AB line is for the cross section

direction as in Fig. 7 at the corresponding time that is approximatively perpendicular to the squall line)
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Fig. 7 Cross sections of the three-dimensional reflectivity from 6 CINRAD radar observations (color shaded) ,

simulated perturbation temperatures less than or equal to —1 C (contours) and wind fields (vectors)

at 13.:41 BT (a), 15:29 BT (b), 17.35 BT (¢), and 19.:23 BT (d) 23 July 2009 as done along the AB line in Fig. 5
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