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Abstract A three-dimensional hail-bin cloud model coupled with electrification process was developed and used for simulating
influences of electric processes on water content and number density of graupel (considering the effect of electric fields on hy-
drometeors through electric field force) in a severe thunderstorm in Beijing City in China. The results show that; (1) The wa-
ter content of relatively smaller-size graupel is influenced more by the electric processes, which may later have an indirect effect
on the content of relatively biggersize graupel. In the center areas of graupel content, the electric field is not maximum or mini-
mum, whose influences on the graupel with larger-size and the maximum graupel content (Quu.) are relatively less. Therefore.
little changes occur in the time evolution of Quuy. (2) On the whole, in the model domain, the influence of electric process on
microphysical processes. which will influence the number density of graupel, is different in different regions; where the electric
field is stronger, the influence of electric process on the graupel with smaller-size is more direct than that with larger-size. The
influence of electric processes on the size distribution of graupel is less at areas where electric field is weaker. (3) In the process
of formation and development of graupel, electric processes show no influence on the position of the maximum cloud water con-
tent, and the position has important influence on accretion of graupel. Therefore, the formation and distribution of graupel
would not be highly influenced by electric processes. Although the size distribution of graupel changes a little, the position of
the maximum graupel content does not change notably. Therefore, electric processes are able to influence the total quantity and
the region of hail-fall, but not notably

Key words 3D hail-bin cloud model, Electric process. Graupel content and size distribution
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Fig.1 Temporal changes in the maximum
and minimum vertical electric field

(N is for negative and P is for positive)
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Table 2 The value of Quu., and the

position of Q.. at the different time
o g S TERMGE  QuufH(e/m®)

A TR AR ThadR

27 min (22,18,30) (22,18,31) 5.50 5.52
30 min (22,19,32) (22,19.31) 5.07 5. 05
35 min (18,16,32) (17,16.31) 3. 96 3.94
40 min (18,17,32) (17,17,31) 2.81 2. 80
48 min (15,19,32) (15,19,31) 1.01 1.02
49 min (15,19,32) (15,19.31) 0. 87 0. 86
50 min (16,20,32) (16,20,31) 0.74 0.70
51 min (16,20,32) (15,20,32) 0. 60 0. 56
52 min (15,20,32) (16,20,31) 0.48 0. 46
53 min (16,20,32) (16,20.31) 0.374 0.370

N 2 45 1 2753 min Quu.. T AL W% 1 B
A % R R S AR A IR R B s, BEAR R S
T AP . T 27 min PLRT » Qo I B 51
AR, BIVTE VKRS 2 R (040 31 R 20 1) 35 43
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FE VK K Je 11 2 300 1) 6 W00 o 9B 198 5 o B 20
L5 Qe JIT A 07 B 418, A 458 /0N B 5 W o A A B —
A A 5

TR TR T RS m . G AT
T Qe ZHLIT FR M FZ 0 . B 6 Hp 32k B R T
B i (0 B R A O I ¢ = 18 min) i1 J5) 3B 4% A 5
G Rz ¢ =28 min) PEAT I8 . e KR A A A 99 4% A
AR R (24,19, 17) , Jay 8 B AR A B9 T A% o5 A A
(21,19,31),

g B AT .= 18 min I, DA AR AR A
(24,19, 17) fb 1 B KL ¥ 15 43 A (B ) AT LLE 1. 0. 6
mm<D< 2 mm WBHR FHKZ .1 mm<D<2 mm
MIHCRLF 5 T8O BB B R — 35 . BERE . %
BT RIBE TH I3, MEAKEZER S 1
mm, HFRFHREES5EE DM =R 2IE
oo B85 7 B4 (D =0. 72 mm) #5510 £5(D=1.9
mm) [ R T X 1% A Bk T 5 i BT K

Z RN T 0= 28 min B, AR 5 (21,
19.,31) 4b 1 s b ¥ 3 43 A (1 9) 5 K] 8 AH AL, 0. 6
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mm [ AL o5 B R HR 4 B AR K I R T A %
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Fig. 8 Size distribution of the graupel at the
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Fig. 10 Temporal changes in the increment of the number density of graupel for

the different diameters by electric processes in the whole simulation domain:
(a)D<<1 mm, (b) 1 mm=<CD<5 mm, (¢) D>5 mm. and (d) D=10 mm
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Fig. 11 x — = sections of the graupel content (shaded area, unit: g/m®) and vertical electric field

(a; s ay» contour, unit; kv/m), and the increment of graupel content (b, ,b,, contour, unit; g/m’)
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Fig. 12  Size distributions of graupel (a; —a,;) with electric processes (E) and without electric processes (NE)
and the increment of number density of the graupel with different size (b; — b,) for the different time at y =18 km
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Fig. 14 Temporal changes in the increment of
the maximum number density of graupel
(Solid line is with electric processes and

dotted line is without electric processes)
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Table 3 The values and coordinates of

Ny for the different time

N vt BT AL 90 4% 17 Nomax fE (m ™)

AR Jobdl ARdE TRk
15 min  (18,15,15) (18,20,15) 2939.3  2953.3
20 min  (29,19,17) (23,18,20) 3877.4  3743.4
24 min  (34,17,18) (24,17,23) 3183.6  3157.2
27 min  (17,21,18) (17,18,18) 3331.3  3725.8
28 min  (16,21,18) (16,20,18) 3240.6  3270.6
30 min  (19,22,18) (18,20,18) 2885.7  2918.1
32 min  (33,14,24) (17,20,18) 2388.5  2400.6
44 min  (25,17,31) (24,18,31) 2285.0  2238.9
52 min  (25,19,31) (24,20,31) 1711.7  1680.9
56 min  (24,20,31) (24,21,31) 1349.6  1331.8

M s AL 14 FT7R N v K 242728401 3 AN 5 B 43 51 ik
B ¢=20.27.42 min 1 3 B ZI 364743 Hr .
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Fig. 15 Size distributions of graupel at the
coordinates (29,19,17) (with electric process,
dotted line) and at the coordinates (23.18.20)

(without electric process, solid line) at £ =20 min
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Fig. 16  Size distributions of graupel at the
coordinates (17,21,18) (with electric process,
dotted line) and at the coordinates (17,18,18)

(without electric process, solid line) at #= 27 min
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Table 4 The size (unit; mm) and number density (unit:m *) of graupel

for each hail category at the coordinates (25,17,13) at t =42 min

H#® 0.1 0.14 0.19 0.27 0.37

e E 12.2 30.1 74.2 166 313

WE  NE 12.3 30.1 73.7 165 307
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