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Ge Jingjing, Zhong Wei, Lu Hancheng. 2011. A diagnostic analysis of vorticity-divergence effects and the quasi-balanced flow in a

mesoscale vortex during the process of flash-flood-producing rainstorm. Acta Meteorologica Sinica, 69(2) .:277-288

Abstract The analysis in this paper based on the atmospheric observation data and the model data of higher resolution shows that one
of the major synoptic systems that caused the flash-flood-producing rainstorm in mid-June 2008 in Guangxi is a quasi-stationary me-
soscale vortex. The vortex was resulted from the interaction of synoptic westerly waves in the mid-latitude with the warm-moist flow in
the low-latitude under the terrain effect. The genesis, development and movement of the mesoscale vortex have important influence on
the precipitation intensity and continuance in the process of the flash-flood-producing rainstorm. The vortex has the characteristics of
strong vorticity and divergence coexisting, and the two have the same order of magnitude as each other. A long-life organized deep and
moist convection is accompanied with the mesoscale vortex. Gravity waves, which are generated by terrain effects and ageostrophic
effects of large wind-speed center in a low-level jet, interact with the mesoscale vortex, and as a result, they stimulate a f-mesoscale or-
ganized deep and moist convection of large amplitude. According to the theory of quasi-balanced dynamics, quasi-balanced flow is suit-
able to describe such mesoscale motions containing both divergent wind and rotational wind. Thus, the PV~ method, which is based
on the analysis of quasi-balanced flow, is introduced in this rainstorm process, and is applied in the inversion and diagnostic analysis of
the organized deep and moist convection of long life with vorticity and divergence coexising. The results show that the quasi-balanced
flow can be a true reflection of the characteristics of large-amplitude vertical motion in which vorticity and divergence coexist. 50 %
70% of the vertical circulation in the rainstorm area belong to the quasi-balanced flow. Therefore, the quasi-balanced flow is able to de-
scribe a deep and moist convection with a long life organized course. The quasi-balanced flow field has the characteristics of coexistence
of vorticity and divergence motion.

Key words Flash-flood-producing rainstorm. Mesoscale vortex, Deep and moist convection, Coexistence of vorticity and diver-

gence, PV-w inversion method, Quasi-balanced flow
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Fig.1 (a) Corresponding station number to the various precipitation range, (b) the cumulative

1 h precipitation in the area (24.5°—25.5°N, 109.5°-110.5°E) (mm) , and

(c) the temporal evolution of the accumulative 1 h precipitation for Yongfu,

Guilin and Lingchuan stations (mm) at 00:00 UTC 12 June to 00:00 UTC 13 June 2008
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Fig.2 Temporal average from 00:00 UTC 12 June 2008 to 00:00 UTC 13 June 2008 on 850 hPa (a) the

low-level jet (dark shadings; m/s), the wind field (arrow),the potential height field (contours; dagpm) ;

black thick solid-line shows the position of shear line; (b) the convergent center of water-vapor flux divergence

(dark shadings for those less than —2X107° g/(cm? « hPa

s)), and the water-vapor flux vector (arrow)

(gray dark shadings area is the Qinghai-Tibet Plateau) averaged over the period from 00:00 UTC 12 June 2008 to
00:00 UTC 13 June 2008 (c¢) 500 hPa positive vorticity advection (dark shadings; s~ 1), potential height field

(contours; dagpm), wind field (arrow); black solid line shows the position of trough;and (d) 200 hPa jet

(dark shadings; m/s), wind field (arrow) and positive divergence (black solid line; s~1)
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Fig.3 (a) Observed and (b) simulated distributions of accumulative 24 h precipitation from
00:00 UTC 12 to 00:00 UTC 13 (dark shadings; mm) and the accumulative 6 h precipitation from
00:00 UTC 12 to 00:06 UTC 12 (contours; mm), (c) the observed and (d) the simulated time-longitude

distribution of accumulative 1 h precipitation along 25°N (dark shadings; mm)
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Fig. 4 (a) Potential height field on 850 hPa (red curve; dagpm), wind velocity center on 850 hPa (purple dark
shading; m/s), surface wind field (blue wind direction barb; 5 m/s), terrain height (gray shading; m). vertical velocity
field on 700 hPa (green curve; cm/s) at 00:00 UTC 12 June 2008, (b) the track of Guangxi vortex’s center,
(¢) temporal evolution of the potential height of Guangxi vortex’s center (dagpm), and (d) and (e) are the cross
sections along 25°N (y-axis is pseudo-equivalent potential height; km and x-axis is the distance from 100°E to 120°E; km)
of the vertical velocity (dark shading; m/s), and the wind field (blue arrow; cm/s) at 12:00 UTC 11 June and
00:00 UTC 12 June 2008, respectively; the blank area near the low-level boundary denotes the topography
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Fig.5 (a) Temporal evolution of the averaged fields over 23. 5°N to 26°N, for the vorticity

(dark shading;107-5 s~ 1), the vertical velocity (black solid line; m/s), and the divergence

(gray dash line;1075 s~ 1), (b) temporal evolution of the averaged fields on 850 hPa level
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; vertical velocity, X50 m/s), and the
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the divergence (1075 s™1) and the vertical velocity ( X50 m/s)
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Fig. 6 Radar reflectivity (dark shading; dBz), the vertical velocity (contour;m/s) and the corresponding wind vector
(arrow) output by the model (a), with their quasi-balanced part (b) and the non-balanced part (¢),

(d) the cross-section of vorticity (dark shading; 1075 s71) and divergence (contour; unit; s~ 1)
along 24.9°N at 00:00 UTC 12 June 2008; (e) temporal evolution of the vertical velocity on 4 km height from
the model outputs and the parts of, quasi-balance and non-balance (m/s), ({) temporal evolution of the
quasi-balanced vorticity and divergence on 4 km height above the rainstorm center (24.9°N,109. 4°E)(10°° s~ 1)
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