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Abstract The frontal precipitation cloud system is an important seeding object for artificial precipitation and “see-
ding - feeding” cloud is the typical structure of precipitating cloud in it. Therefore, it is attended in studies of theory
and technique of artificial precipitation. Although action mechanism of the “seeding - feeding” in the cloud system
has been advanced for a long time, detail of the microphysical processes has still not been understood entirely. The

‘

microphysical structure and microphysical processes of precipitation formation in “seeding - feeding” cloud of cold
frontal precipitation stratus cloud system occurring on 5 April 2002 in Henan Province are studied by a 1-D stratus
cloud numerical model with detail microphysical processes, and artificial precipitation conditions are analyzed based
on links in rainfall formation and the cloud structure. The results indicate that there is remarkable stratified struc-
ture in the “seeding — feeding” cloud. The ice crystal layer is located in the upper level, and below it there is the
snow layer and mixed ice — water layer consisting of graupel and supercooled water, the liquid water layer is in the

warm region of the cloud. It can be shown from the rain water content increase in falling down that raindrops are

growing by collection of cloud water in the warm region. The ice — water cloud, as a seeding cloud, make a contribu-
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tion of 25. 5% to rainfall, the mixed ice - water layer 31. 3% and the liquid water layer 43. 1%, i. e. s contribution of
the feeding cloud to rainfall is about 74. 4%. Besides, 70% of rainfall is from graupel, i. e. , the cold - cloud proces-
ses play an important role in rainfall and growth of ice particles in the mixed ice — water layer is very important for
precipitation formation. Main link of precipitation formation in the stratus cloud with “seeding - feeding” cloud
structure are as follows: ice crystals is converted into snow by sublimation, and snow is converted into graupel by
sublimation, collection of supercooled water and ice crystal. The graupels are grown into big particles, which can
melt into rain water as falling to the warm zone, by collecting supercooled water and snow. This process plays an
important role in precipitation formation. The sublimation and collecting supercooled water are main growing
processes for ice particles and important processes to producing rain water. The rainfall on ground is formed by
three ways: first, the rainwater is produced by warm rain processes and increased by collecting cloud water, which
has a contribution of 30%-40% for total rainwater; second. the rainwater is from melting of ice particles falling to
the warm region and the most of rainwater is formed by ice particle melting. The rainwater amount from the melting
is about 50%- 60% of total rainwater amount; third, the melted ice particles grow continuously by collecting cloud
water in the warm region. This process converts the cloud water into rainwater and has a contribution of about 10%
for total rainwater amount. In stratus cloud with “seeding — feeding” mechanism, if water content of cloud water is
very low in the feeding cloud, there is no high rainfall intensity; similarly, if there is a lack of the seeding action of
ice particles from top part of the cloud, the feeding cloud situated in mid-low level also does not produce large rain-
fall amount. The “seeding - feeding” cloud system is an important structure for artificial precipitation. Same as su-
percooled cloud water, water vapor is also an important condition for artificial precipitation because it and cold water
almost have the same contribution to rainwater. Besides, cloud water content in the supercooled region of the feed-
ing cloud is also an important condition for artificial precipitation, but it can be seen from a study of precipitation
mechanism that increment of melting ice particles by collecting cloud water is about 10% of total rainwater amount.
Therefore, cloud water content and thickness of warm region in the feeding cloud is regarded as factors for artificial
precipitation.
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Fig. 1 The PPI radar echo from cold frontal cloud system at 0730 BT (Beijing Time) 5 Apr 2002 at Zhengzhou station (elevation is 1°)
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Fig. 2 The RHI radar echo from cold frontal cloud system at 0706 BT 5 Apr 2002 at Zhengzhou station (azimuth is 214°)
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Table 1 The heights of cloud top and cloud base and temperature on 4 -5 Apr 2002 at zhengzhou station
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Fig. 3 Change of hourly rainfall with time at Zhengzhou station on 5 Apr 2002
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Fig. 4  Distribution of radar reflectivity with height for the
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Fig. 7 Distribution of mass producing rate with height for various particles and related microphysical processes for the cloud (simulated with
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snow and growth rate Rcpisby collecting ice crystal, and growth rate Rcyes by accretion; (c)conversion rate Rensgfrom snow to graupel, col-
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R2 05 EhOXRIEIIZ (A =)300 min FHEMkRREFERZE
Table 2 Total mass of various water substances and total mass
produced by their contribution processes for the cloud simula-
ted with sounding data at 0500 BT 5 Apr (cloud A) at 300 min
hi - 2EA) JES Ty

Total/kg « m 2

Particle types

UK T; Tvovi Tema  Tee Tunvd

Ice crystal 4.05 4.03 0.00 0.02 0.00

Et T Tenis Totes Teus Tvows  Teui

Snow 4,21 0.20 0.76 1.65 1.59 0.00

B Ty Tensg Toreg Teug Touse Tog Tybwg
Graupel 5.89 1.52 1.63 0.02 2.33 0.22 0.17
5} T: Tener  Teree  Tvise Twvigr TeLexe
Raindrop 9.94 0.00 2.93 0.02 5.68 1.31

&3 08 EHXIERIZ (B =)300 min FREFMUKRREEREE

Table 3 Total mass of various water substances and total mass
producing by their contribution processes for the cloud simula-
ted with sounding data at 0800 BT 5 Apr (cloud B) at 300 min

AT a8

Particle types Total/kg * m™2
VK T; Ty Tema  Tod  Thnve
Ice crystal 3.88 3.87 0.00 0.01 0.00
%5 T Tonis Totes Teus Tvows  Teui
Snow 3.99 0.17 0.76 1.58 1.48 0.00
& T, Teng Terg Teng Tene Tong  Tvpg
Graupel 6.18 1.43 2.37 0.01 2.14 0.06 0.17
[55] T: Tener  Teree  Twmise Twvigr TeLexe
Raindrop 11.02 0.01 4.07 0.01 6.11 0.83

Wz MR 35 2 8 0. 3 25 P AL 3 7
06 %1 I, PR Z% Fh e 7 koA B T MK 0T
.

5 “E-HE AR EXTFEKE

DTk

BLHLAY 040505 2R = RIBREIEMN, oK
HIZA T2 4. 8 km, BIREEL 1.0 km, 0 CJ2
) 3.8 km, KGRI 2 IR FE U BLG # AE R B
i B EA IR K2 T LL B koK )2
FHNE 0 CRRIOKIREZ. 0 CIRBNZBIEREAK
2. B, 2 [ K B (I8 8) I v B Y A3 A il B
FER A b e BERE K et Bt o B2 AR 4 A, (A
FHRAA] , FEVKKIR A 2 TR 238 K &
B2 e B S R AR K T IR N . X R =

10.0

8.0
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& Height/km

0°C level

[
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B8 20024E4 H 5 H 05 IR BB 2 i 300 min 7K
RS

Fig. 8 Distribution of rainfall with height for the cloud simula-
ted with sounding data at 0500 BT 5 Apr 2002 at 300 min at

Zhengzhou station.

AR 2O R B () BT RRAS R] o i8S [RDRL T I it
T R R AR K R 1Y 8 B A A 4 B VKoK 2 B
FOKIRGEWRL T R E RS, BERIE PN
0.67 mm/h, [§%5 &2 2. 51 kg/m’, HHEISCHHr]
A1 5T R R AV 25 KGR R 1) B 1 A K
s, H OON M TN, X—2%A K EMK
W 5 KGR B s VA K B T R T B A
HHER SR . . MUKOKIR &2 B9 0E A K
R EEIER, R P, o4 1,29 mm/h, [§
W2 5. 59 kg/m”, WHELULREEIKOKIRA 21K
Bl a5 A N R KRR K B T
3.08 kg/m?, BI¥GINT 122. 7% 1E{L4 = B X,
R T AR, ERLIE MK, [FEIEE 2K
AL K . TEBE XTE Y 9. 94 kg/m® BFHFR /K
s, HEORL T Al Ak RN 2 KT BRI RN K Sl
6.99 kg/m*, MZJEFETE I 2T & MK, W5 P,
H2.26 mm/h, HFWKREEEZIKIEMNZER, 2l
HOTHT B AR FR SR IB/NE 1. 72 mm/h,

9 25 W = 3 BE b RO M T R OK B R OK 5
[ e R €7 N W (B DL L PPN I W )
R K I BTk 2 25. 5%, WKOKIRGE A 31. 3% Wik
J20 43. 1%, JRBIHBEZS 2 0 K ) STk 29 74, 4 %,
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P =0.67 mm-h"! KKE Ice water layer
s=0.

P=129 mm-h"! JKBEE

BKZE

Liquid water layer

P=2.26 mm-h’!

P =172 mm-h’!
[]

d,,=2.51,25.5%
ZIK BT Top of cloud water layer

dy,=3.08,31.3%
Mixed ice-liquid water layer

—@ —————————— 0CE 07C level

d,=4.24,43.1%

_ _BJ&E Cloud base

§,=2.51 kg-m™

4.8 km
§,=5.59 kg-m™

3.8 km

5,=9.83 kg-m™

=~ === 1.0km

§,=7.60 kg-m™

<>

J“ T Grand surface

B9 200244 A5 H 05 RN BB 2 1 300 min £ ZXFOKITIRE . P: FEAKGREE; S, FEKiR: dyp: FOKIEE

Fig. 9 Contribution rate of various cloud layers to rainfall for the cloud simulated with sounding data at 0500 BT 5 Apr 2002 at 300 min at

Zhengzhou station. P: precipitation intensity; S,: rainfall; d,: rainfall increment
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K I 2 A A Il A il = KB K, BRIk
B TIHRCR Foa 76 3020 ~40% (% 45 M %
75 BB X1 VAR T I BT 18, T LI 43 (1 W
TK 2 FH UIORE T 1 BT R - X T 7K B B Y ik
Fuo ¥ 500 ~60 205 = J&: AL vk HRL T 76 2 [ B X
W BRI R, BTIRR Fo 72 1007545 .

L 300 min A = HYEHE (GR 2) 6], VKR il
TR 2 K= AR K 70 %, T ZE R
WK, AR A DTk, Al S 992,
A UL (AT LR % K B B e

UKER AN BRI P 3 2 I 2 X B3 T8 %
K s AEXE K B T B B A A . R R
Ui SRR R KGR R Tk RS, vk
T 3o 10 25 1 A A R e 5 AU 2 Ak R ZKORE T 1Y B
Fi e 4550 LA 1 32 U 30— 21 1 oK i 3 AL i R
KR B F T AR VK S AR K, K
d 3 AR T5% L (R 4 Fuy) s 349 28 5 78

XIS 0 R A BB AR 1 A REEER
A A n] e R KA SRR =K
WK B H A 2020 (Fop) » (AR X 20 22 55
TR R T A A 2RI T LARE 2 = itk X
AL BN K I e . FERCIN B, Tl A 3hfe il
RN & R BB A Fee 2
6020, WARARIIK R (Fa) (5 30084 FEE1L
HHEME S Fo29 90%, BIZY 90 %6 A5 Ak i
o AT RYBERE . Bl A R X R IR B
Xt B K BT R A AR

gi bk, ERE AT IS s
JRUY T IR AT LIRS - Bk BT B A R 2 id
R4 AZMBRHYMELEFEENEIE(%)
Table 4 Percentage of mass produced by microphysical

processes for cloud A and cloud B

Faa Foe  Fug Fug Fan

A = Cloud A 77.0 18.1 27.6 65.4 29.5

B = Cloud B 76.6 19.0 38.3 57.8 37.0

Fuar Fas Fi Fy Fyg

A = Cloud A 57.1 13.2 45.7 91.6 96. 4

B = Cloud B 55.4 7.5 45.1  89.2 98.9

1 Note: Fagq = (Tvpws T Tcis)/Ts; Fae = Tcles/ Tss Fagt = TeLee/
Ty; Fagp=(Tensg T Tersg)/Tas Farn = Tere/Trs Fae = Tvinge/ Trs
Fas=Tcreg/Tes Fie= (Tenis T Tenis)/ Tis Fog = (Tongg + Terse)/
Ts; Fyvrg=Twvig/ Te.
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