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Abstract A three-dimensional hail-bin cloud model coupled with electrification process has been developed and
used for simulating lightning process in a severe thunderstorm in Beijing City in China. The characteristics of intra-
cloud lightning channel and its relationship with updraft and liquid water content have been analyzed. Results indi-
cate that in the evolution of the thunderstorm, snow particles are often formed where updraft is weaker and liquid
water content (LWC) is lower. Snow particles develop there, and gain charges in the non-inductive charging process
with graupel there. Therefore, intracloud lightning flash often initiates where updraft is weaker and LWC is less.

After initiation, the upward leaders propagate to the area where LWC is less, while LWC where the downward lead-
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ers propagate to depends on the evolution stage of the thunderstorm. The upward leaders could propagate to the area

where LWC is a little greater but not the maximum in the mature stage of the thunderstorm. However, the down-

ward leaders could propagate to the center areas of LWC during the process of the decay of the thunderstorm.
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Fig. 1 A conceptual model of the relationship between lightning
structure and the electric field, electric potential and charge of a
thunderstorm . Arrows indicate electric field vectors in the plane
of the figure. After being initiated at the point labeled I, light-
ning propagates bidirectionally, roughly along an electric field
line, into the positively charged region and the negatively
charged region on either side of the initiation point. The flash
puts positive charge into the negatively charged region and nega-
tive charge into the positively charged region. Dark and shallow

shaded area is for positive and negative area, respectively
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Fig. 2 Discharge channels in two dimensions. Open circles re-
present grid points not connected to the discharge. Solid circles
and solid lines indicate the discharge path. Dashed lines indicate

possible new bonds
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Fig. 3 The evolution of the maximum positive and minimum

negative vertical electric field
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Fig. 7 The x -z vertical sections of updraft (contours, units: m+ s™!) and leaders: (a) t=16.5 min; (b) t=23.5 min

18

(al)
161

141
121

101 <~

z/km

8_

t=16.5 min, y=13 km

1 4 7 10 13 16
x/km

19 22 25 28 31 34

18
(b1)
16
141

124

t=16.5 min, y=13 km

1 4 7 10 13 16
x/km

19 22 25 28 31 34

z/km

z/km

1 4 7 10 13 16 19 22 25 28 31 34

x/km

(a) t=16.5 min; (b) t=23.5 min

18

(a2) {=23.5 min, y=15 km

16
144
124

1 4 7 10 13 16 19 22 25 28 31 34
x/km

18
1=23.5 min, y=15 km
161
14

124

0 .
1 4 7 10 13 16 19 22 25 28 31 34
x/km

E8 AR (al. (a2) FAFHFEAM b, b2) FRFEFEMN -2 #Hsi: (al), (a2) t=16.5 min, y=13 km; (b1),

(b2) t=23.5 min, y=15 km

Fig. 8 The x~=z cross sections of updraft and (al), (a2) graupel content and (b1). (b2) snow content: (al), (a2) t=16.5 min, y=
13 km; (b1), (b2) t=23.5 min, y=15 km
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Fig. 11 Same as Fig. 10, but contours is for graupel content (units; g+ m %)
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