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Table 1 Natural and seeded cloud condensation nuclei spectra parameters
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1 670 0.09 0.2 350 0.15 0.2
2 0. 046 1.7 0.3 0. 245 0.5 0.4
3 8.05X10* 5 0.6

A ALL ] Ty BT 220 114 3R B 2 CIRT B 2 2% e JH
(58457)2016 4 9 H 4 H 14.:00 (R 23 B4 15 3, Hb
TR K2 A 1000 hPa, #4 TH#E 45 = B 7E 850 hPa
BT (29 1.5 km) , &2 5 FETE 600 hPa 247 (2
4.5 km) . JiAh AR AR A B 45 1 i X3 W] LR
HERBE XU AR PG 5 1) A 3 RIS ) o BRI o XU K
5 BT 05 AR 00 b PR 5 K7 A B
1.3 Rigit

AT AR A ek TR I R B AR AR O R AR
SCH H AR ZELAE GE o CO Tt T 3 A # 0L
55 o 43 59l 2 56 TR e [ 4% R LA B R R = 1
BB . S AE = R RN [ B Btk A T s
R (CL~C4) , 1 7 9 TR 280 S5 A 7 Rt 1) 5 8K )5
FETT—2H 3056 17 56 Al b 326 BBURE ORI A A 1 15 (]
HEAT AN [R) e JBE 7 4000 BB PR i 3 (C5 ~ C6) o B 2 U
T O B A R B 5 I I PR D A K T B A
TE VRIS RO S A I () R g B8 AT AN [ 0] 0 Y
BURME LB (CT~C)

AR SCRALL BT SR O B A0S 2% Yin 046

FH B REHOE S 80T 3G 3], 5 SEERAE Mk b i
YRR BETE B 15 452 0 (5 BRER B G 15D S 800
# 1., HTUAEMIRKI/NT 1 pm 180 0810
AH—EWER, BBGRHEIAE AR AR 1 pm
AR R B i 5 A B s/ F 1 pm 38
4y . MRAE R UGB L 2 kg MR MM AL R R4S
SRR B 21k 350 em C L 7E & B KF G
BRALIE AT RE R B U RURAE — A B2 R U K
S B2 S 900 m (3 A SR HIVEED . B
T 5T R 4 20 B HR A5 = FI R K TR K F 7
] FHE B 7 1) b B R AE BRI T 2 T
THEFTE T 1) AR YE L DY 300 m. PR 7R F
A7 4G40 3% i AT LA Oy B 0 25 18] 2 900 m X
300 mX 300 m [ AR, B REEH 350 cm * IR
MRPER . B 60 s BRI 1 W AR U B3 ) o /R
Y ] 25K (5 ) S8 I 38 MUAE A U 23 19 5 min (4
SERL, BPEHEHL 5 W, £ 2 45 T BUS R R Y ik
'S

TG 40 WA 2= TR B B AN () B () B i A7

R2 BRRBSBRERILL

Table 2 Parameters and results of sensitive experiments
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Fig.1 Comparison of observed and simulated radar echo intensity vertical profiles at Hangzhou station on 4 Sep 2016

(a)observation at 1555 BT, (b)observation at 1600 BT, (¢)observation at 1617 BT,

(d) simulation at the 34th minute, (e) simulation at the 39th minute

(the contour denotes 0°C), (f)simulation at the 56th minute
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Fig. 2 The maximum liquid-water mixing ratio at each height in the core area of the cloud

(the white point is the location of the maximum liquid-water mixing ratio in the cloud development stage) (a)

and the average ground rainfall rate(h)
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Fig. 3 The average ground rainfall rate(a) and the droplet mass spectra of grid where liquid-water

mixing ratio of natural cloud during development stage is maximum(position of white dot in Fig. 2a) (b)

in sensitive experiments of different seeding time
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Fig. 4 The average ground rainfall rate(a) and the maximum collision and
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in sensitive experiments of different seeding height
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Abstract

With the rapid development of social economy, the frequency of various large-scale and important e-
vents is also getting higher and higher. In order to host events more smoothly, the need of society for arti-
ficial precipitation suppression technologies during major events is also urgent. Hygroscopic seeding is an
important way to suppress precipitation artificially. Although previous research on artificial precipitation
suppression basically confirms that the hygroscopic nuclei of smaller than 1 pm can inhibit the convective
cloud precipitation, how to use it more effectively to achieve the best effect is still a difficult problem in
precipitation research. In order to provide some useful theoretical references for artificial precipitation sup-
pression operations, a two-dimensional slab-symmetric detailed spectral bin microphysical model of Tel
Aviv University in Israel is used to simulate the warm shallow convective cloud and precipitation in East
China at about 1600 BT on 4 September 2016. The height of the strong radar reflectivity center and the
range of high radar reflectivity are basically consistent with observations. The cloud seeding experiments
with hygroscopic nuclei smaller than 1 ym are conducted in order to examine sensitivities of seeding effects
to seeding time, seeding height and seeding amounts of particles, respectively. Results show that the early
seeding in the cloud development stage can lead to more significant effect on rainfall suppression. The ear-
lier the seeding time is, the stronger the inhibition of the growth of large particles. As the seeding time
goes backwards, the particle size segment with the most significant inhibition shifts to smaller particle
size; the effect of rainfall suppression is more obvious when seeding is carried out just below the area with
large supersaturation in the center of cloud. Since a large number of hygroscopic nuclei seeded here enter
the supersaturation zone, they are activated to be small cloud droplets, and the cloud water conversion and
collision process are suppressed. The reduction rate of ground accumulated precipitation reaches 23. 3%
when the seeding concentration is 350 cm ™ °. In addition, with the increase of seeding amounts of hygro-
scopic nuclei, the precipitation suppression effect is more significant, and the rain is even eliminated.
Therefore, seeding hygroscopic nuclei smaller than 1 pm properly in warm shallow convective clouds can a-

chieve expected results of reducing or eliminating rain.

Key words: warm shallow convective cloud; hygroscopic nuclei; seeding; rainfall suppression



