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Abstract

A squall line process in northern Jiangsu Province on May 16, 2012 was simulated by using a me-
soscale numerical model WRF. The maximum horizontal resolution of the model was 5 km with
triple nesting. Based on the high resolution model output data, the squall line structures in the
surface and middle levels and the squall line development mechanism are analyzed. The results
show that there exists a divergence ring and three convergence lines in the simulated surface field.
A divergence line formed along the thunderstorm high zone, a convergence line formed in the
front and another back of the squall line. There are positive and negative vorticity centers to the
south and north sides of the vertical velocity center at 500 hPa, respectively. The airflow in squall
line is different from the typical model which contains an upshear updraft and a downshear
downdraft. The rear inflow at middle level separates into an updraft and a downdraft which are
basically in the same column. The liquid or ice particles produced in the middle and upper levels
fall into the downdrafts not dragging the updraft. When they evaporate in the dry downdrafts, they
cool the air and then trigger the formation of surface thunderstorm high and cold pool. Based on
the vorticity equation, the formation mechanism of mid-level vorticity couple is analyzed. The in-
teraction between vertical wind shear and strong gradient of updraft induces the negative vortici-
ty to the north side of the vertical velocity center and positive vorticity to the south side. The inte-
raction between cold pool in thunderstorm high and vertical wind shear induces thunderstorm
regeneration at the front of cold pool, weakening at the back of cold pool, and squall line
self-excitation development.
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Figure 1. Synoptic pattern at 0000 UTC on 16 May 2012 ((a) 500 hPa; (b) 700 hPa; (c) 850 hPa, the black solid line denotes
geopotential height (gpm), the red dashed line denotes temperature (°C), the green arrowdenotes wind (m/s), the brown thick
line denotes trough, and the shading denotes the wind speed greater than 12 m/s)

1.2012 4 5 B 16 B 0000UTC F£#4%((a) 500 hPa; (b) 700 hPa; (c) 850 hPa, SR EE (gpm), L BELHR
FIRL(C), BRAELANKms), IFEEXILAEL, BAEXANEXTF 12 m/s BXE)
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Figure 2. Simulated surface pattern((a) =7 h, (b) t=8 h, (¢c) £ =9 h, (d) # = 10 h. The black solid line denotes sea level
pressure (hPa), the red solid line denotes temperature (°C), the blue arrow denotes wind (m/s), and the shading denotes 1 h
accumulated precipitation (mm))
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Figure 3. Simulated surface streamlines and isotaches (m/s) ((a) =7 h, (b) =8 h, (¢) t=9 h, (d) =10 h. The green arrow
denotes stream line, the shading denotes isotach (m/s), the red and blue dashed lines in (c) denote convergence and diver-
gence lines, respectively)
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Figure 4. Simulated surface divergence and wind field ((a) =9 h, (b) # = 10 h. The black arrow denotes wind (m/s), and the

shading denotes divergence (107/s))
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Figure 5. (a) 500 hPa reflectivity (shading, dBz) and sea level pressure (black solid line, hPa) at = 9 h, (b) vertical cross
section of circulation (ching line), reflectivity (shading, dBz), and specific humidity (purple dashed line, 10~ g/kg) along the
purple line in (a). The red and blue ellipses denote the positions of wake low and thunderstorm high, respectively. The yel-
low arrow denotes rear inflow, and the brown and blue arrow denoteupdraft and downdraft, respectively)
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Figure 6. (a) Simulated 500 hPa vorticity (shading, 107 s™"), vertical velocity (black line, m/s), and stream line (green arrow)
att=9 h, (b) The magnification in the red box in (a)
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Figure 7. Schematic representation of the inclination of the vortex tube (The green thin arrow denotes the ambient wind V, the
red arrow denotes the updraft, and the thin arrow on the green vortex tube denotes the rotation direction of the vortex tube)
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Figure 9. Schematic representation of interaction between cold pool and vertical wind shear (The green arrow denotes the
environmental wind, the red circle denotes the circulation generated by cold pool, and the blue circle denotes the circulation
generated by vertical environmental wind shear)
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