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Abstract On 30 and 31 July 2009. a lasting severe rainfall occurred in the eastern lee of the Tibetan Plateau. There were three
meso-scale convective systems in the Sichuan Basin, under the synoptic background that a plateau vortex and a southwest vor-
tex had interacted at this region. The radar mosaic reflectivity data, NCEP reanalysis data and TRMM PR data are used to ana-
lyse its evolution and three-dimensional structure. By contrasting with TRMM PR, it is found that the radar mosaic has the
same results and could describe the evolution of this event, In the plateau and the mountains with no mosaic data, TRMM PR
could be used for supplement. The analysis results show that: at the precipitation area, positive vorticity at the middle and low
levels and the moisture convergence upward motion matched high-level negative vorticity and water vapor divergence, which was a
favorable condition to trigger severe rain. The first precipitation system is located southeast of the plateau vortex, moved toward the
east with it and then dissipated. The precipitation has been found to lag the plateau vortex in terms of the intensity correlation. while its
speed changed simultaneously with the vortex. The second and third precipitation systems have developed strongly during the existing
stage of the southwest vortex, and then mixed into an echo belt throughout the basin along the mountains, causing the most severe
rainfall in the southern basin. The intensity and movement of the precipitation system changed almost in the same time as those of the
vortex. Under the complex terrain conditions with the mountains adjacent to the basin, the zero layers did not change significantly, but
the cloud melted partially from ice to liquid when entering the basin and being under zero layers. This resulted precipitation in the
change from convective cloud to straitform cloud with a stratified structure.

Key words Plateau vortex, Southwest vortex, Echo structure of precipitation
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Fig.1 (a) Topographic image with the black spots which refer to the radar sites included in the mosaic
(the light blue line is for the path of the plateau vortex, the dark blue line is for the path of the southwest vortex) ;
and (b) accumulated rainfall Cunit; 10 mm) from 00.00 UTC 30 to 15:00 UTC 31 July 2009 based on the intensive
precipitation observational network with the contours of 2.5 km interval superposed for topography
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Fig. 2 Distribution of the mosaic echo ratio at 3 km (a) and 5 km (b) as shown by color shading,

with 3 km and 5 km topography superposed, for the severe rain event on 30 and 31 July 2009
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Fig. 3

(a) TRMM PR reflectivity image at 5 km at 03:47 UTC 31 July 2009;

(b) mosaic reflectivity image at 5 km at 03:48 UTC 31 July 2009;
(c) the reflectivity profile along AA" in (a); (d) the reflectivity profile along AA in (b);
(e) as in (a) but for 06:57 UTC 31; (D) as in (b) but for 07:00 UTC 31;
(g) as in (a) but for 08,32 UTC 31; (h) as in (a) but for 08:30 UTC 31



JA AR — U LI TG R A T 50 AR K [ 3 8 R R AT 559

34°N 34°N

32 32

106 108 110°E 106 108 110°E

102 104°E 102 104°E
[ 3 £
Fig. 3 Continued

50°N =

\ i = : ‘ ." : ‘.‘ =
15 4 s e Shaaay ’/h“!.:.‘
85 90 95 100 105 110 115 120°E
30 m/s

=] =y 3 =1 1 3 5 7

P4 7% o B S o (kB dagpm) AU (2 28) RV X 4 JEE 3 (L8 803221075 s 1)
(a. 2009 4£ 7 H 30 H 06 Bf 500 hPa,
b. 2009 4 7 A 31 H 00 BF 700 hPa; #K (5 X 7 55 55 7 8 )
Fig.4 Geopotential height (contour, unit: dagpm) ., wind field (vector) and relative vorticity
(shaded. unit; 107% s™1) for the 500 hPa at 06:00 UTC 30 (a) and for the 700 hPa at
00:00 UTC 31 July 2009 (b) (grey shading shows the topography of the Tibetan Plateau at 700 hPa)
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Fig.5 (a) Various variable fields on 850 hPa at 06.00 UTC 30 July 2009 (water vapor {lux divergence,
107°g/(cm?® » hPa + s), shaded; water vapor flux, g/(cm « hPa « s), vectors), grey shading shows
the topography of the Tibetan Plateau at 850 hPa; (b) as in (a) but at 00:00 UTC 31 July 2009; (c) 700 hPa at

00:00 UTC 31 July 2009 (pressure vertical velocity. Pa/s. shaded). grey shading shows the topography of the
Tibetan Plateau at 850 hPa; (d) water vapor flux divergence (107°g/(cm® « hPa » s)) profile diagram with time for
A. B. C showed in (a);and (e) pressure vertical velocity (Pa/s) profile diagram with time for the same spots as (d)
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Fig. 7 Analyses at 00:00 UTC 30 July 2009 for (a;) 500 hPa (height, dagpm. dashed line, relative vorticity, light shaded;
mosaic reflectivity at 6 km, color shaded; 2 km topography. solid line). (a;) 700 hPa (heights. dagpm. dashed line;

relative vorticity. light shaded; mosaic reflectivity at 3 km. color shaded; 700 hPa topography. grey shaded) ;
(by)s(bhy) as in (a; ), (ay) but for 06:00 UTC 30; (¢;).(c;) as in (a;), (az) but for 12:00 UTC 30; (d;),(dy) as in (a,), (ay)
but for 18.:00 UTC 30; (e;).(es) asin (a; ), (ay) but for 00:00 UTC 31; (f,),(f,) as in (a;), (ax) but for 06:00 UTC 31 2009
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Fig. 8 (a) Relative vorticity (unit; 10-5s-1) profile along 34°N and mosaic reflectivity profile
along 31°N at 00;00 UTC 30 July 2009, and (b) relative vorticity Cunit; 107%s~!) and mosaic
reflectivity profile along 31°N at 06:00 UTC 31 July 2009 (grey shaded area shows the topography)
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Fig.9 Combined reflectivity images of mosaic in the Sichuan Basin in the 3-hour interval

from 09:18 UTC 30 to 06:18 UTC 31 July 2009
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Fig. 10 (a) TRMM PR reflectivity of 5 km at 07,52 UTC 30 July; (b) mosaic combined reflectivity
at 17:18 UTC 30 July; (c) reflectivity profile along AA” in (a); and (d) reflectivity profile along AA” in (b)
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Fig. 11 (a) Combined mosaic reflectivity images of B MCS at 06:18 UTC 30 July;

(b) C MCS at 1618 UTC 30 July; (c) reflectivity profile along BB in (a);

(d) reflectivity profile along CC in (b); (e) the mean 0'C layer heights of July in southern
China according to the sounding data from 1998 to 2008; and (f) as in (e) but of January
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