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Simulation of Mesoscale Vortex During a Heavy Rainfall
Process Affected by Typhoons
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Abstract: Numerical simulation is carried out for a heavy rainfall event influenced by two typhoons to study
the mesoscale vortex related to the event. The results show that: (1) the rainfall event was jointly influ-
enced by continental high, Typhoon Fitow and Typhoon Danas. Obvious mesoscale vortex activity was
found in the mid-to-lower levels during the event. (2) Vertical vorticities related to the vortex started to
develop from the lower level of atmosphere. At first, vorticities concentrated below 850 hPa, and then
strengthened upward. Meanwhile, the vortex was growing in size and intensity, and finally became a deep
meso- scale vortex accompanied by closed cyclonic circulation. (3) The terms of horizontal advection, ver-
tical advection, convergence making and tilting of local vorticity tendency had different effects in different
times and levels. The convergence making term was the main contributor to the mid-to-lower level vortici-
ty source. The vertical advection term was the main contributor to the upper-level vorticity by transporting

lower vorticity to the higher levels. The tilting effect had some influence on the development and movement
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of the vortex. (4) The latent heating effect of precipitation had important influence on the development

and movement of the vortex. It changed thermodynamic condition and stability of the atmosphere. There-

fore, it was responsible for the maintenance and development of the convergence and convection term of

the local vorticity tendency.

Key words: typhoon rainfall, mesoscale vortex, numerical sensitivity experiment, vorticity budget
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at 700 hPa (blue line, unit: dagpm); typhoon tracks

of Fitow and Danas (brown line)
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Fig. 4 Reflectivity at 0. 5° elevation (a, c. e; shaded area, unit: dBz) and the radial

velocity (b, d, {; shaded area, unit; kn) at Nanhui Radar Station on 8 October 2013
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Fig. 9 Simulated relative vorticity (shaded area, unit: 10°° s~ ') and wind at 850 hPa on 8 October 2013
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Fig. 11 Simulated section of relative vorticity (shaded area, unit; 10 ° s '), reflectivity (>>30 dBz,
dashed black line, unit: dBz, contour line interval: 10 dBz) and equivalent potential temperature
(red line, unit: K, contour line interval: 2 K) along line A in Fig. 10a on 8 October 2013
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Fig. 13 Vertical distribution of each term of vorticity equation on 8 October 2013
(a) 04:00 BT, (b) 06:00 BT, (¢) 07:00 BT, (d) 10:00 BT, (e) 11:00 BT

(Averaged for regional mean of the area indicated by the box of Fig. 10¢)
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Fig. 14 Temporal evolution of vertical distribution of each term of vorticity equation
(a) horizontal advection term (HADV), (b) vertical advection term (VADV),

(c) divergence term (ZDIV), (d) tilt term (TILT), (e) total vorticity tendency (Total)

(unit; 1078 s~ 2, averaged for regional mean of the area indicated by the box of Fig. 10c)
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Fig. 15 Simulated vorticity (shaded area, unit; 10 ° s ') and divergence term of vorticity
equation (black line, unit; 10°% s7%) at 850 hPa on 8 October 2013
(a) 06:00 BT, (b) 09:00 BT, (¢) 10:00 BT
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