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Spatial and temporal evolution of a multi-cell thunderstorm

charge structure in coastal areas
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Abstract The spatial and temporal variations of charge structure and the relationship with
intensity of radar echo of a thunderstorm in lower altitudes, Shandong of China, have been
analyzed with the radiation sources of lightning discharge three-dimensional mapping system. The
results indicate the charge structure was typical dipolar in the convective areas. The intensity of
positive charge region was increased and the height of location was lifted with the development of
thunderstorm. The negative charge region is in the area where the intensity of radar echo was
more than 40 dBz and the positive charge region was in the 40 dBz radar echo area approximately.
The charge structure was also inferred dipolar with low charge height and weak charge intensity
in stratiform areas. In the dissipation stage of thunderstorm, the charge structure was ruptured
for the different dissipation level of different part in cloud. The positive and negative charge

regions sank in the front of the cloud, and the height of the positive and negative charge region
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changed little in the middle part of the cloud, whereas the negative charge region was attenuated.

So the charge region had four layers in convective areas during dissipation stage. The above result

shows that the advantage charge generation mechanism often generates dipole or tripole charge

structure and does not generate multipole charge structure. This paper also analyzes a negative

cloud-to-ground flash discharge process. Its charge structure is the same with the thunderstorm

charge structure. So the thunderstorm charge structure can be illustrated by the observation of

three-dimensional lightning mapping system.
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The evolution of various type of flashes lightning rate per 10 minutes

for the thunderstorm that occurred on 29 June, 2008

km 200
20F
0 150
20 -
Ad
e
+IE “ 100
-60 -
50
-80

-80 -60 -40

1
-20 0 20 km

TR
2 2008 4E 6 H 29 HEBE1TFE 10 :40—16 : 50 (At 5T B B B[R] Fe, 4 5 5 25 BF 452 (1 2% 43 A [
Vel o 2 e = £y T oA L0 R o sl 47

Fig. 2 The intensity of lightning radiation sources distribution map with contour between 10 :40 to

16 :50 (Beijing Time) for the thunderstorm that occurred on 29 June, 2008

The red triangle symbol stands for the central observation station.
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Fig. 3 The CAPPI at the height of 2.5 km with different time on 29 June, 2008
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(a) 13:32, convective areas; (b) 14 :07, convective areas; (c¢) 14:07, stratiform areas; (d)14 :38, convective areas.

The central station is the origin of coordinates in this figure. The symbol pink ‘+’ stands for radiation source.
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(a) Height-time plots; (b) North-south ward vertical projection; (¢) Height distribution of number of radiation events;

(d) Plan view; (e) East-west ward vertical projection of lightning radiation sources.
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