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Diagnosis of the Frontogenesis and CSI Features During

a Torrential Rainfall Event in Winter

ZHANG Fanghua CHEN Tao YANG Shunan SUN Jun

National Meteorological Centre, Beijing 100081

Abstract: Based on the observation, NCEP reanalysis data and the simulation of the mesoscale numerical
model (WRF), the frontogenesis and conditional symmetric instability (CSI) during an extremely torren-
tial rainfall event that occurred in southern China in 14 —15 January 2012 is diagnosed. The results indicate
that both the eastward propagation of the short-wave trough along the southern branch trough and the cold
air activity in the lower troposphere cause obvious frontogenesis in southern China, which is favorable for
the torrential rainfall event in this region. The abnormal abundant water vapor transportation from the Bay
of Bengal provides the moisture condition. The torrential rainfall is enhanced by the strong divergence at
the right part of the exit of the abnormal strong higher-level jet. The mesoscale rainbands form along the
surface front. Analyses show the frontogenesis in Guangxi at the night of 14 January strengthens, thus the
secondary frontogenesis circulation (SFC) develops. Affected by the latent heat releasing, the CSI is en-
hanced, leading to an intensifying upward movement in the warm side of the front. Under the circulation
pattern, the strong mesoscale rainband occurs in the north part of Guangxi. Theoretic analyses reveal that
both the SFC and the CSI are the solutions of the Sawyer-Eliassen equation under different stable condi-

tions, and the character of the SFC can be analyzed by the moist potential vorticity.
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Fig. 1

Accumulated precipitation from observation (a) and WRF simulation (b)

from 08:00 BT 14 January to 08:00 BT 15 January 2012
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Fig. 2 Synoptic charts at 08:00 BT (a) and 20:00 BT (b) 14 January 2012

(a) 500 hPa geopotential height (contours, unit: dagpm; the thick solid curves mean the trough), 700 hPa wind

and the specific humidity at the same level (only the values greater than 6 g « kg™~

! are shaded and shown here)

at 08:00 BT; (b) sea level pressure (contours, unit; hPa) and the 850 hPa wind (the dashed
curves mean the shear line, the arrow shows the axis of the lower-level jet, and the special humidity

at this level greater than 8 g » kg™ 'are shaded) at 20:00 BT
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Fig.3 The daily averaged precipitable water (a, unit: mm), 200 hPa wind

speed (b, unit; m+ s ') on 14 January 2012

(The shaded areas mean the normalization greater than 2)
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to 08:00 BT 15 January 2012
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Fig. 6 The radar reflectivity (unit: dBz) from Liuzhou Droppler Radar

at (a) 08:00 BT 14 January and (b) 02:00 BT 15 January 2012
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Fig. 7 The radical velocity from Liuzhou Droppler Radar at (a) 08:00 14 BT January
and (b) 02:00 15 BT January 2012
(unit:m + s~ !, black and red arrows mean the direction of the horizontal

wind at higher and lower level respectively)
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Fig. 8 Latitude-height cross-sections of the vertical velocity (contours, unit; Pa s s ')

and meridional-vertical circulation (v-w) at (a) 08:00 BT

and (b) 20:00 BT 14 January 2012
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Fig. 10 Latitude-height cross sections of the absolute momentum M, (dashed contours, unit: m s '),
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