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Numerical Simulation of Hail Formation Mechanism
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Abstract Using a 3D cloud model developed and improved by Institute of Atmospheric Physics, Chinese Acade-
my of Sciences, a hailstorm occurring in Maqu County, Gansu Province in east of the Tibetan Plateau, is simulated.
The model results show that the hail embryos are mainly graupel particles. Solid phase precipitation accounts for
46% of ground precipitation amount and graupel-fall is 65% of solid phase precipitation. Graupel particles grow by
accretion with rainwater and cloud water. Accumulation zone of supercooled water is present in this hailstorm, how-
ever, it is very weak and its maintain time is short. The supercooled raindrop in the accumulation zone is favorable
to hailstone growth, but it does not play a main role. The hailstones grow mainly through collection cloud water and
accretion with graupel, and secondly accretion with rainwater.
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Fig. 1 Temperature (T), dewpoint temperature (Ty) and wind profile (u: latitudinal, v: lognitudinal)
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Fig. 2 The time evolution of simulated radar RHI echo (dBZ, shaded area) and Temperature (°C, dashed line)

AR, K& IS 23 min, y 3.67
gem P, AWK EFAWN 1423 m s, )
BAESS 27 min, AWK & & KRk ETHR
TR AT 1A, AR, &3 dgh i TR
5 NV KRR B A AR I A 1 O

HE 1 FEH, WK & =B W,
F2F 23 min BHAE T RN 3.67 g - m™° (LAY

MoK EEMRER KNI 71 g m®), KRG AW
W IR, 55 18~20 min ). 52
Vo 7K 2 PO R T TR A e R AR Y
P8 Sulakvelidze 45 HY 1 B A B0 100, 5 B
I (] A AE 1 V8 WK SR B, R RS 1~2 km,
I H BT (07 B A T b A e R ML AR i I
7 IRBEEA T —12~—15C 2 [ , i 21~ 24 min,



40

S T (N A 124

Climatic and Environmental Research Vol. 12

Time=19 min y=18 km 181 Time=22 min y=18 km

181 Time=28 min y=18 km

z/km

z/km

x/km x/km

B3 B MQII7TI2 AN mAK (I, Hfi: g« m ), TH IR CHFEL, BAi: m- s MEE GEX. $
PL:C 5y Ai

Fig. 3 The a2 vertical sections of supercooled rainwater content (g * m—

3, shaded area) , vertical velocity (m * s~ !, solid line) and tem-

perature (‘C, dotted line) at y= 18 km
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Table 1 Maximum of supercooled rainwater, vertical velocity and its position

IR AT
HEmin R BB mmae omme RRERY okt R /kmEE/C
18 8. 11 19, 19 4.0 —8.77 0.15 19, 19 4.5 —12.19
19 8.98 18, 19 4.5 —11.95 0.44 19, 19 4.5 —12.15
20 9.99 19, 19 4.5 —12.11 1.16 19, 20 5.0 —14. 94
21 10. 79 18, 20 5.0 —14.73 2. 06 19, 20 5.0 —15.08
22 11. 59 18, 19 5.0 —14.73 2.85 19, 19 5.5 —18.17
23 12.23 19, 19 5.5 —18. 20 3. 67 20, 19 5.5 —18. 80
24 12.91 18, 19 5.5 —18.01 3.32 20, 20 5.5 —19.13
25 13. 31 18, 18 5.5 —17.53 2.34 17, 21 4.0 —8.21
26 14. 14 18, 19 6.0 —20. 44 1. 63 17, 17 4.5 —12.51
27 14. 23 17, 19 6.0 —20.53 1.01 21, 17 5.0 —17.63
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Fig. 4 The a-z vertical sections of total water content (g * m %) and flow field at y=18 km
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Fig. 7 As in Fig. 5 except for hailstone water content
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Fig. 8 The time evolution of total mass of various water sub-

stances
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Table 2 Rainfall amount at the ground and its percentage

B /kt HArH/%
A FRK 639. 3 54
E ARk 534. 4 16
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Table3 Composing of solid phase precipitation and its per-

centage
B /kt HArH/%
KE 98. 4 18
5 345. 4 65
T} 90. 6 17
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Table 4 Total mass of substance transform into ice crystal

Hif 1] /min (Qi/t) /TNi (NUvi/t) /TNNUvi (Pci/t) /TNPci CLci/t VDvi/t
18 16.94/1013-32 0.02/101332 0.00/10% 41 1.33 15. 59
24 595. 82/1016-29 19.10/1016-28 0.19/101-29 106. 86 469. 67
33 48 589. 02/1018-19 1428.89/1018 19 2.02/10%-31 287. 34 46 870. 77
40 168 948.00/1018-33 1914.92/1018-33 2.93/1015-47 689. 51 166 340. 50
55 479 960. 40/10%-11 65 062. 94/1020-11 5.08/10%-71 3 535. 89 411 357. 10
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Table 5 Total mass of substance transform into snow

A 8] /min (Qs/t) /TNs (CNis/t) /TNCNis CLes/t CLis/t VDvs/t
18 0.1/101%65 0.0/101%65 0.1 0.0 13.2
24 4.0/1013-58 0.1/101358 3.7 0.0 0.2
33 25.6/101%-65 7.5/101-65 11. 4 1.2 5.5
40 117.6/1016-42 40. 2/1016-42 25.0 18.8 33.6
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Fig. 9 The time evolution of mass producing rate of ice crystal, snow flake. frozen droplet, graupel and hailstone and their sources
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Table 6 Total mass of substance transform into graupel

fi ] /min (Qg/t) /TNg (CNig/t) /TNCNig (CNsg/t) /TNCNsg (NUrg/t) /TNNUrg
18 0.02/101-35 0. 00/108 97 0. 00/1010-61 0.00/1010-84
24 93.09/101- 18 0.02/101-7 0. 65/101256 0.05/101-19
33 580. 79/1015-20 0.02/101-7 2.69/1013-61 1.07/101-94
40 849.97/1015-47 0.03/101-82 5.43/1014-07 5.05/101% 32
55 1 401. 42/101-60 0.21/1017 35.90/1014-68 6.62/101539
5[] /min (CLrig/t) /TNCLrig CLig/t CLcg/t CLrg/t VDvg/t
18 0. 00/10M-06 0.01 0.01 0. 00 0. 00
24 0.02/101-15 1.93 37.38 48. 58 4.46
33 0.11/10-8 6. 40 203. 35 271.93 95. 22
40 0.12/101+88 12. 35 337.05 309. 34 180. 60
55 0.15/101-02 91. 63 600. 04 331. 84 335.03
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R7T FHEREBPEKEEREE SR
Table 7 Total mass of substance transform into frozen droplet
A /min -+ (Qf/t) /TNf (CLrif/t) /TNCLrif NUrf/TNNUrf CLif/t CLef/t CLrf/t VDvi/t
18 0.00/10808 0.00/106-78 0. 00/108-06 0. 00 0. 00 0. 00 0. 00
24 13.13/1014-20 0.02/1013-34 0.64/101413 0.18 2.25 9. 47 0. 57
33 198. 26/1014-80 0. 60/101%-48 3.52/101%-52 1.28 37.88 122.07 32.90
40 250.51/101-89 0.66/101%50 3.91/1014-65 2.05 56. 09 135. 56 52. 24
55 277.72/1014-92 0.74/101%54 4.09/101468 4.23 65.42 142. 83 60. 42

e CLrif: PKEFIRKEEVRIE SR s NUr: 52 v M S5 U AL AR A8 BT s CLIf: VRIBIEVRUK & s Clef: VRIBIER 2K

YRR VDv: Rl EEAe S

CLrf: %

x 8 KEBRTIHZKEMERTIZ E S E
Table 8 Total mass of substance transform into hailstone
[t ] /min (Qh/t) /TNh (CNgh/t) /TNCNgh (CNfh/t) /TNCNfh CLih/t
18 0. 00/10% 0.00/5. 09 0. 00/0. 00 0. 00
24 1. 46/1010-09 1.12/10. 08 0.01/8.17 0. 00
33 54.75/1011-68 39.53/11. 63 4.65/10. 72 0. 00
40 83.46/1011-87 60.60/11. 82 7.37/10.93 0. 00
55 117.58/1012 03 89.91/11.99 8.01/10. 96 0. 01
[+ [6] /min CLch/t CLsh/t CLgh/t CLfh/t CLrh/t
18 0. 00 0. 00 0. 00 0. 00 0. 00
24 0. 14 0. 00 0. 01 0. 00 0.17
33 4.51 0. 00 3. 38 0. 69 1.99
40 7.62 0.01 4.75 0. 98 2.12
55 10. 83 0.03 5. 58 1. 03 2.18
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HDEZ S I NE AR =3I bhi [ S

(2) B BB PSR K& N, BB
B, YERpRAWARKT . 29 2~3 min, RPH
R V4 T 7K O B B ) A A Y EAN R 2
TEH.

(3) VKB MNG LA . BRI 2
SEE R 7K, HYCRBEAR T K K. i
WA PSR S KK 3 30 5400 4696, Tl
[ SRR Y 6590 . HA BT HAIRNG .

O ROHESE TR RO A TR AR R )
SE Xk (References)
[1] Thomson A D, List R. High-resolution measurement of a



48

R

5 5%

5

oK

Climatic and Environmental Research

12 %
Vol. 12

Lz]

[3]

[4]

[

wl

]

[6]

[7]

L8]

[9]

[10]

hail region by vertically pointing Doppler radar. J. Atmos.
Sci. » 1999, 56. 2132~2151

Knight C A, Knight N C. Very large hailstones from Au-
rora, Nebraska. Bull. Amer. Meteor. Soc., 2005, 86:
1773~1781

Orville H D, Kopp F J. Numerical simulation of the life
history of a hailstorm. J. Atmos. Sci., 1977, 34: 1956~
1618

Foote G B. A study of hail growth utilizing observed storm
conditions. J. Climate Appl. Meteor. , 1984, 23. 84 ~
101

Farley R D. Numerical modeling of hailstorms and hail-
stone growth. Part II. The role of low-density riming
growth in hail production. J. Climate. Appl. Meteor. ,
1987, 26. 234~254

BALEE, IESE . FilEEEUKERNI . Lt AR MR
AL, 1991

Zhao Shixiong, Li Zhenggui. Study on Hail at Qinghai
Plateau (in Chinese)
Press, 1991

LI . KB ZAERUEAERE Y . T ER R
B SC . 1991

Kong Fanyou. Three-dimensional numerical simulation of

Beijing: China Meteorological

hailstorms. Ph. D. dissertation (in Chinese), Institute of
Atmospheric Physics, Chinese Academy of Sciences. 1991
BHEM . =ik s AR . KRR, 1998, 56
(6): 641~653

Hong Yanchao. A 3-D hail cloud numerical seeding model.
Acta Meteorologica Sinica (in Chinese), 1998, 56 (6):
641~653

JAY, BRFH, 14, & . KEsh BRX 5KENIE
IHEERAIBT S . AR, 2001, 25 (4): 536~550

Zhou Ling, Chen Baojun, Li Zihua, et al. A numerical
simulation of hailstorm accumulation zone and hail forma-
tion. Chinese Journal of Atmospheric Sciences (in Chi-
nese), 2001, 25 (4). 536~550

HIWIER, RS, MM, . AR IKE T IR EE R
BUERAE . S S EREHEFT, 2003, 8 (2): 196~208

[11]

[12]

[13]

[14]

[15]

[16]

Hu Zhaoxia. Li Hongyu, Xiao Hui, et al. Numerical simu-
lation of hailstorms and the characteristics of accumulation
zone of supercooled raindrops in Xunyi County. Climatic
and Environmental Research (in Chinese), 2003, 8 (2).
196~208

TFR, BSEIC. WS, . S YEUKE R SRR S 8L
RS 1 AR S S UKL P PR BRG] . SRR
2, 2001, 25 (5): 707~720

Guo Xueliang. Huang Meiyuan, Hong Yanchao, et al. A
study of three-dimensional hail-category hailstorm model.
Part 1. Model description and the mechanism of hail recir-
culation growth. Chinese Journal of Atmospheric Sciences
(in Chinese), 2001, 25 (5); 707~720

FRINES, sRol, ThIPERE, 4 . 50 AR AU Gk TR B
P . BHIEA S, 2004, 23 (6); 749~757

Kang Fengqin, Zhang Qiang, Ma Shengping, et al. Mech-
anism of hail formation on the northeast border of Qinghai-
Xizang plateau and its neighbourhood. Plateau Meteorolo-
gy (in Chinese), 2004, 23 (6). 749~757

XITERE, FEaE, SELAE . E VAL DX UK By U R AE
MY . mIESR 4%, 2004, 23 (6); 795~803

Liu Dexiang, Bai Huzhi, Dong Anxiang. Studies on climat-
ic characteristic and anomaly of hail in northwest China.
Plateau Meteorology (in Chinese), 2004, 23 (6);: 795~
803

T, M, AR, . B X 9 X =
TERYBAD AT . RS ERIRAIESE . 2002, 7 (4): 397~408
Wang Hong, Lei Hengchi, De Ligeri, et al. A numerical
simulation of characteristics of convective cloud at the upper
reaches of the Yellow River. Climatic and Environmental
Research (in Chinese). 2002, 7 (4): 397~408
Sulakvelidze G K. Rainstorms and Hail. Lsrael Program
for Scientific Translation. Jerusalem, 1969, 310pp
WRIC, EAAE. . ATPHESIS . Juat: Blasd i,
1980. 92~95

Huang Meiyuan, Wang Angsheng, et al. Introduction of
Hail Suppression (in Chinese) .
1980. 92~95

Beijing: Science Press,



