Vol.35 No.3
June ,2017

F F R %

Journal of Arid Meteorology

35 Hi3H
2017 4£ 6 H
TR, XUATE, 48 55, 45 VY B — R M a g R A AL AU [T ). T 5105,2017,35(3) :490 — 494, [ ZHENG Sasa, LIU Dongsheng, ZOU
Yong, et al. Numerical Simulation of a Hailstorm Process and Agl - seeding in Xichang of Sichuan Province[ J]. Journal of Arid Meteorology, 2017, 35

(3):490 -494 ], DOI:10. 11755/j. issn. 1006 —7639(2017) - 03 —0490

AE—REETENELEEZRL
I KA 4

(L 79N N TSR ASIMAZE, TN AR 61007252, i 5 43t % F9 S0 o 7 O )14 B S0 9 22
PN SR 61007253, PUIAE BN G R, U1 BiEiE AR 615000)

3 1,2
5.4 %

» AN

W E A =GEKE S 2013 454 1 29 H VG S — RIS BESEA T AL BB, AR 4 i Ak AR
AT B) R A g B A T i Ay O e — R VB e . SRR RS S AL s (a]
REAGT S AL B S AL Ty 3K, W] AR B i A B B AR 5 38 3 e £ 0810 R SR A A 481 £ K B2 TR S AL
XF LA A E R BVL RS R T A RIS YR AR K SR80 T vk B il I 2= 7K 1
W, FBEEERE

KBIA : N T PE; Agl; AL I ; BB

XEHE 1006 -7639(2017) —03 —0490 05 DOI:10. 11755/j. issn. 1006 —7639(2017) —03 — 0490
FESY S P458.1 +21.2 XEkFRIZED A

EI

KB KA R RA LT 218U,
SR I TR SR I E R . R
JE VA S e AR P B R gl iy ok
PR TR A I B G S R e A, KRR
VK 7 S = h A IR I AL, JE IR AR (Agl) ik
U RO UK JE B B i SR B B8 7 1 o

U IL4E5k , % UK 2 BB BT 58 S T — Lt
SRR, AN A A T AR AT A T AR ISR R T
=YK o AR B A B ST T 1997 4R
7 A 8 BB A BRI EIR X B — Pk E &
BT VK ETE B P BEAIL S, X 8L A0 T i BE A A
U 2 e X = vk R 2 R T
B FE SRR /3 AT T ok ik, 4 A T3 B
PR R TR AL PR, S O UK b 5 Al T %
(RO R S PSR 7 T s B /N IRUEE T ) = 2 vk
iz Agl AL, XF b AT 1996 4E 6 H 10 H f—
RBE R FREIEAT Agl AN [l Ak i B LA Ak 7 ot 44
At ] ) R B AR, e AL 7 52, oo
G B R SRR s F RS %) 2010 4E 6
J 18 H J5bh X — YR i B 2L Ao A 24 T AL B (A

Wi EHER:2016 - 12 -07; 3¢ [E H #7:2017 -02 -20

FOU, A5 2% B b 1 R T kR e 38 1 34
SIS, 7E 32 ¥ T K AP0 IR i AL, DT ROR B
T KUBE AT A 21, 1% figfb e, e ro B R
JEWIN, SRR B ShE D, B RN
BN ENEIG P K, WK B2 B e 1] ) 260 )
=4k B =, %2006 4E7 H 5 H LA A —
U AVKAEL (BT R X 32 0 o o e AR AT Ak Bk
TERLRL, N T A 00 2 B A A 3SR I A SR XA
I AIL AR R 2R, 7E TR X R 25 P ok B Rk
0.1 g+ m™7 {1 ~4 min JEFTHAL AEAT 253 vk 8
TR AR K B L (5.5 km) FJ7 1.0
~ 1.5 km AL BT BB BT

VU LM XS FokE R R 2 LXK, 4
PHAFAR A 3P R A B 22 Al 3 3 000 ¢, R FHAEEE 5 ~
6 JIAS, KT 1 Tk, SR, FESEPR N B8
o AEAE R AR I 1] 300 AL R e 4 T R
IVl 1, A% SR Hp R 2 e A< BRI 5 T % 2 1
=k E B X 2013 454 H 29 AP E—
R R R T BB AL, AR AS [ Y Agl i Ak 7
STFIE— ZHN BT 2R B, M H 1A 25 2 R 25 3
AT M (L ) AE A 1 S AL O 58, R 9 UK

EETIE: WAL RB2EE AT ST &R (R 2014 - JF & - 11) g 05 K3 Bl 2 2 N 1 38 TR 985 g 3 0 B 9

(GYHY201406032 ) L [F] %% )

YEBE® /T PP (1987 - ) L BLAFTE A, TR, EZ M A TR AT HHFSE. E - mail :524302035@ qq. com



43 4

IBIHIAEE - P4 B — IR P i o R A A B A 40 491

TERL = (A L 78 vh S B 8 J T i PR T, 23 A B
B
1 SRSk

SHEVKE SR TR R B AR, 2 SR
g5 (48) WAL VR R IR A SR fL Rl bR &
LB MK 27K JKIR K K ORI K
8 Fivki B RIS EE . LL2013 44 ] 29 H
08:00 (Jbmthf, MR P4 B Rzs wh i i G XA 1E N
B AL . AR R 1 7 =08 3, okt
SRE R 3.5 C sl 4% 8 km, JE 6 km BT [A]
> 60 min, 35 X34 36 km x36 km x 18.5 km, 7K
SEAERE R 1.0 km, FEEAKHE A 0.5 km 0,7,k 535
Fom x BCZR) L,y B Cradt) 2 () k) Sl A% A
2 MHlE=

2013 =4 H 29 H 19:00, Ul VG & & T A
AVKE K E K RFSE T min, 1 5™ B4 TR
B TPH 5 14:00 B A2 5Ok, I LA 08:00 [
BRORMEN IR . B 1 R B B K R
28 min AT y =20 km 2R, 0T LA H
AL 7 R S 28 min B, 53k [ 7k B4 KA 9]
PR B R 63 dBZ, 5 [ 38 X 5 B SE AR GERE7E 3
~5 km,

12—
10+
——— 45
PR
g ——27T————=
Y |
__9;
4.
. 0 i
2{ g
e
0

K1 2013 4£4 J 29 HPYEVKE = 28 min I 7K
Il (22, B dBZ) AN EE (HEZR, 5437 . °C)
TE y =20 km Zb AR TE B 5 T
Fig.1 The x -z section of simulated radar echo
(solid line, Unit;dBZ) and temperature ( dashed line,
Unit;:C) at y =20 km at the 28th minute of hail cloud
development in Xichang of Sichuan on 29 April 2013
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Fig.2 The x -z section of simulated total water
content (solid line, Unit:g + m ™) and temperature
(dashed line, Unit;°C) at ¥ =16 km at the 12th minute
of hail development in Xichang of Sichuan on 29 April 2013
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Tab.1 The Agl content of shells and the nucleation rate of Agl
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Tab.2 The sensitivity test of seeding time of Agl on suppression hail
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min kt kt kt kt J-m=2.s7!
8 208. 64 140. 28 6.41 61.96 0.56
12 213.29 144.86 7.20 61.23 0.61
16 248.79 142.59 6.52 99.70 0.79
20 288.01 151.25 7.84 128.94 1.54
24 303.34 157.92 8.50 136.94 1.54
PR 307.31 159.42 8.61 139.30 1.54
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Tab.3  The sensitivity test of seeding amount of Agl on suppression hail
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g kt kt kt kt Jom™2 .57t
50 256.08 148.03 6.95 101.12 0.81
100 232.60 141.80 6.78 84.04 0.75
200 213.83 138.62 6.50 68.72 0.64
300 208. 64 140.28 6.41 61.92 0.53
400 205.63 140.77 6.57 58.30 0.53
Ftk 307.31 159.42 8.61 139.30 1.54
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Tab.4 The sensitivity test of seeding height on suppression hail

et/ 4/ Sv WERH 4L/ e A i e/ R/ ek 25 2l R i kA L/
km kt kt kt kt em7? 57!
4.0 210.15 135.93 6.03 68.20 0.59
4.5 208. 64 140.28 6.41 61.96 0.56
5.0 225.63 148.48 8.44 68.72 0.65
5.5 247.10 156.91 10.02 80.18 0.68
6.0 256.83 145.42 9.52 101.91 0.89

FR14 307.31 159.42 8.61 139.30 1.54
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Tab.5 The sensitivity test of seeding area on suppression hail
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S AL 257.61 148.74 7.01 101.88 0.81

BRI 216.85 141. 14 7.04 68. 68 0.63

K9 mifEAL 208. 64 140. 28 6.41 61.92 0.53
KA 307.31 159.42 8.6l 139.30 1.54
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Fig.3 Temporal evolutions of mass producing rate of hail of the natural hail cloud (a) and the seeding hail cloud (b)
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Tab.6 Physical meanings of the symbols in this paper
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Fig.4 Temporal evolutions of mass producing rate of

graupel between the seeding cloud minus the natural hail
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Numerical Simulation of a Hailstorm Process and

Agl - seeding in Xichang of Sichuan Province

ZHENG Sasa'?, LIU Dongsheng', ZOU Yong’, YU Fang'?

(1. Weather Modification Office of Sichuan Province, Chengdu 610072, China; 2. Heavy Rain and
Drought — Flood Disasters in Plateau and Basin Key Laboratory of Sichuan Province, Chengdu 610072, China;
3. Liangshan Yi Autonomous Prefecture Meteorological Bureau of Sichuan Province, Liangshan 615000, China)

Abstract ; Based on the three — dimensional hail cloud model, a hailstorm process occurring in Xichang of Sichuan Province on 29 April

2013 was simulated. Several hail suppression tests with varied seeding time, seeding height, seeding amount and seeding method of

Agl were carried out. The results show that the optimum hail suppression effect could be achieved by selecting the appropriate seeding

time, seeding amount, seeding position and area. Through the comparative analysis of hail formation mechanism of the seeding and nat-

ural cloud, it could be known that after seeding Agl the hail couldn’t grow because of “favorable competition” , and reduction of the

graupel embryo and hail hitting cloud water caused the reduction of hail.

Key words: hail suppression; Agl; seeding experiment; numerical simulation



