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Numerical Simulation and Analyses on the 17 August 2007

Heavy Rainstorm in Shandong Province
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Abstract: A heavy rainstorm on 17 August 2007 in Shandong Province was studied on the mesoscale char-
acters by the data of conventional and AWS observations, satellite, Doppler radar, lightning location in-
strument and WRF simulation. And the sensitivity experiment of numerical model was carried out to inves-
tigate the influence of topography. The results are as follows. The heavy rainstorm was caused by the K-H
instability, wind shear and vortex. Meanwhile, terrain played an important role in the location and intensi-
ty of rainstorm, which brought more rainfall and made heavy rain located in the further south area. The
numerical simulation comparison test was worked between the two similar rain processes. The result
shows that there are more obviously consistences in many ways, including rainfall area, central intensity
and distributions except the intensity of heavy rainfall. The terrain has a stronger effect to the heavy rain-

fall. The wind shear caused by terrain made stronger vapor convergence and vertical velocity. What’s
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more, the terrain also affected the distribution of cloud vapor and rain vapor. As a result, the favorable

circulation and terrain are the important factors to produce the heavy rainstorm.

Key words: heavy rainstorm, Ty, terrain effect, sensitivity experiment (SE), control experiment (CE)
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Fig. 1 Distributions of rainfall and lightning for the 17 August 2007 rainstorm
(a) observed precipitation during 08:00 BT 17—08.00 BT 18, (b) observed precipitation
during 08:00 BT 18—14:00 BT 18 (unit: mm), (c¢) lightning spatial distribution

on August 17 and (d) variations of hourly lightning frequency on 17 August 2007
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Fig. 2 The 500 hPa synoptic chart at 08:00 BT 16 August 2007 (a) and
850 hPa synoptic chart at 08:00 BT 17 August 2007 (b)

(Solid line for geopotential height, dashed line for temperature, thick solid line for shear line)
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Fig.3 The 900 hPa streamlines and vorticity, Jinan Doppler radar products and
FY-2D satellite cloud images on 17 August 2007

(a) 900 hPa streamlines and vorticity at 08:00 BT 17 (shaded area for positive vorticity) ,
(b) Jinan Radar: 0.5° radial velocity at 08:47 BT 17, (c¢) Jinan Radar: 3. 4° radial velocity
at 08:47 BT 17, (d) IR image at 06:00 BT 17. (e) IR image at 08:00 BT 17, (f) IR image
at 10:00 BT 17, (g) IR image at 12:00 BT 17, and (h) IR image at 14:00 BT 17 August 2007
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Fig. 4 The topographic maps for control experiment model (a) and

sensitivity experimental model (b) (unit; m)
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Fig.5 Precipitation amounts for control experiment (CE) and sensitivity experiment (SE) (unit: mm)

(a) 24 h precipitation of CE before 08:00 BT August 18, (b) 6 h precipitation of CE before 14:00 BT August 17,
(¢) 24 h precipitation of CE before 08:00 BT August 17, (d) 24 h precipitation of SE before 08:00 BT August 17,
(e) 24 h precipitation of SE before 08:00 BT August 18, (f) 6 h precipitation of SE before 14:00 BT August 17,
(g) numerical simulation of hourly rainfall at rainstorm center during 01:00 BT 17—05:00 BT 18 August 2007
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Fig. 6 The 850 hPa streamlines, vertical velocity profile and the simulated radar echo
intensity through 117.5°E at 08:00 BT August 17, 2007

(a) stream and vorticity for SE (unit: 107°s™"), (b) stream and vorticity for CE (unit: 107°s7"),

(¢) vertical velocity profile through 117. 5°E (solid line for CE, dashed line for SE, unit: m« s '),
(d) radar reflectivity profile (shadow for CE, dashed line for the SE, unit: dBz)
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Fig. 7 Distributions of 900 hPa moisture flux, moisture flux divergence and
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(a) water vapor flux and moisture flux divergence of SE (unit: 10 * g+ hPa ' « cm ? « s '), (b) water vapor flux
and moisture flux divergence of CE (unit: 107* g+ hPa™' « ecm % « s7'), (c¢) 900 hPa horizontal distribution
of specific humidity (unit: g« kg '), (d) specific humidity profile along 117. 5°E

(solid line for CE, dashed line for SE, unit: g« kg™*)
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Fig. 9 The mixing ratio profiles of cloud water and rain water

(a) cloud water mixing ratio profile along 117. 5°E at 08:00 BT 17 August 2007,

(b) rain water mixing ratio profile along 117. 5°E at 08:00 BT 17 August 2007
(Solid line for CE, dashed line for SE, unit; 10! g+ kg™ 1)
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