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Abstract: By using dense convective observational data, satellite images, radar data and NCEP/NCAR (1°
X 1°) reanalysis data, the weather systems for the three extreme heavy rainfalls are diagnosed and ana-
lyzed. The results show that westerly trough at 500 hPa and low-level warm shear line are the main impact
system for the three heavy rainfalls. Before the rainfalls, high temperature, high humidity and convection
instability exist in lower atmosphere. The ascending movement caused by convergence of low-level shear
line and the warm and wet advection and the surface wind convergence line trigger the release of convection

instability energy, producing strong convection and extreme rainfall. The strong vertical wind shear makes
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convection systematically develop. During the heavy rainfalls dry and cold airs invade from middle-upper
level so that convection instability gets intensified. On the other hand, the dry and cold airs with high po-
tential vortex intruding from middle-upper level induce mesoscale vortex to develop in low-level atmos-
phere so that convergence and ascending movement increase. That the warm and wet airs in low-level heli-
cally converge and encounter the dry and cold airs from middle-higher level, so the water vapour condensa-
tion and rain intensity increase. The periods when the dry and cold airs intrude from middle-higher level
correspond with the periods of extremely strong rains. Terrain plays an important part in local and short-
time extreme heavy rainfalls. The position and intensity for 500 hPa westerly trough and 850 hPa warm
shear line are different and the intensity and tracks of the dry and cold airs at upper level are different, the
convective cloud’ s development, evolution, movement and internal structure are different, causing the
difference of rainstorm areas and intensity.

Key words: extreme severe rainfalls, diagnosis and comparison analysis, low-level warm shear line, higher-

level trough, intrusion of middle-higher-level dry and cold airs, terrain effect, cluster features
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(b) 2010 4E 8 H 8 H 16 By % 9 H 10 W SR & 435, (o) 2011 4E 7 H 25 H 14 W& 26 H 02 W SR & 431
Fig.1 Rainfalls (unit: mm. the isoline interval 20) (a) from 12:00 BT 17 August to 12:00 BT
18 August 2009, (b) rainfalls from 16:00 BT 8 August to 10:00 BT 9 August 2010,
(¢) rainfalls from 14:00 BT 25 July to 02:00 BT 26 July 2011
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Fig. 2 The winds, shear line (brown solid curve) and the isotherm (red dashed line, isoline interval 2°C)

at 850 hPa, the contour line at 500 hPa (blue solid curve, interval 4dagpm)
(a) 20:00 BT 17 August 2009, (b) 20:00 BT 8 August 2010, (c) 20:00 BT 25 July (the shaded areas are severe
rainfall areas), (d) surface pressure at 02:00 BT 18 August 2009, (e) surface pressure at 02:00 BT
9 August 2010, () surface pressure at 20:00 BT 25 July 2011 (interval 1 hPa)
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Fig. 4 The water vapour flux divergence (unit; 10 % g« hPa ' «em % « s~

', isoline interval 2) and winds

(a, b) 02:00 BT 18 August 2009 at 850 hPa and 500 hPa, (d, e) 02:00 BT 9 August 2010 at 850 hPa and
500 hPa, (g, h) 20:00 BT 25 July 2011 at 850 hPa and 500 hPa (shaded for severe rainfall areas)

The cross section of .. on rainstorm areas (unit: C, isoline interval 4) and (v, —10w) (c) along 118°E at 02:00 BT
18 August 2009, (f) along 116°E at 02:00 BT 09 August 2010, (i) along 121°E at 20:00 BT 25 July 2011

(The thick short line beneath the picture indicates the area of the rainstorm)
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Fig. 5

distribution of convergence area (dashed line, unit; —10"° « s~

The positive value of helicity (solid line, unit; —10 ° hPa * s ?, isoline interval 4) and

!, isoline interval 4)

(a, b) at 20:00 BT 17 and 02.:00 BT 18 August 2009, (d, e) at 20:00 BT 8 and 02.:00 BT 9 August 2010,
(g, h) at 14:00 BT and 20:00 BT 25 July 2011 (The shadow areas are strong rainfall areas) ;
The cross section of vertical velocity (unit:10™* hPa « s~ ', isoline interval 2) and (v, —10w)
on rainstorm areas, (c) at 02:00 BT 18 August 2009 along 118°E, (f) at 02:00 BT 9 August 2010
along 116°E, (i) at 20:00 BT 25 July 2011 along 121°E

(The thick short line beneath the picture indicates the area of the rainstorm)
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Fig. 6 FY2D infrared satellite images
(a) 02:00 BT 18 August 2009, (d) 02:00 BT 9 August 2010, (g) 20:00 BT 25 July 2011 (The arrow
shows the direction of cloud cluster moving); (b,c) CR38 and V27 at 02:02 BT 18 August 2009
at Linyi Radar Station, (e, f) CR37 and 1.5° elevation V26 at 01:37 BT 9 August 2010 at Jinan
Radar Station, (h, 1) CR37 and 0. 5° elevation V27 at 19:36 BT 25 July 2011 at Yantai Radar Station
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Fig. 7 Terrain map of Shandong Province

and the geographical locations of 3
extremely severe rainfalls
(Arrows refer to the wind direction on

the ground when it pours down)
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