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Observation Research on Cloud Microphysics and Precipitation Affection of
Stratiform Cloud Seeding by Liquid Carbon Dioxide
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Abstract The detail information is deduced on the microphysical affection of stratiform cloud seeding, including in
situ aircraft measurements, radiosondes, radar data, and surface observations in the experiment of precipitation en-
hancement in Jilin Province during 11 - 12 July 2002, The results indicate that the maximum of cloud super cooled
liquid water content reaches 0. 1 - 0. 2 g/m®, but the concentration of ice crystal is very low for nature cloud. It
means that the cloud is eligible for precipitation enhancement seeding according to principle of weather modification.
The changes of cloud microphysical structure, such as the increasing of ice crystal concentration and diameter of rain
droplets, the decreasing of super cooled liquid water content, are caused by seeding liquid CO.. The increase in ra-
dar echo intensity in the incidence area comparing with the target area is also caused by cloud seeding, which is simi-
lar to the increase in concentration of rain droplets observed by in situ aircraft. For the precipitation intensity in the
incidence area of cloud seeding increases but it only slightly changes in the comparison area. The redistribution of
rainfall is caused by cloud seeding in the precipitation area.
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Fig. 3 Flight trajectory in the Jilin comprehensive experiment on 11 Jul 2002: (a) Total flight trajectory; (b) amplifying chart in the local

seeding area
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Table 1 Particles (cloud and snow) distribution in the contrast area and the seeding effect area

5 —F B The first period of time

5 I B The second period of time

A: 11:20-11.26

B: 11:28-11:32 A: 11:57-12:01 B: 12:.03-12:06

2D-C Sk JE Total number concentration 7514 /m?
M2k & Total water content 0.036 g/m?
<300 pm ¥ Number concentra- 6879 /m?
tion with diameter <300 pm
=300 pm ¥ Number concentra- 635 /m?
tion with diameter >>300 pm
<300 pm 7 7K & Water content 0.014 g/m?
with diameter <300 pm
=300 pm 7 7K § Water content 0.022 g/m?
with diameter™>300 pm

2D-P B Total number concentration 752 /m?
& K4 Total water content 0. 058 g/m?

14533 /m? 16487 /m? 49589 /m?
0. 085 g/m? 0.071 g/m? 0.216 g/m?
12846 /m? 15100 /m? 46631 /m?
1680 /m? 1370 /m3 2954 /m?
0.0322 g/m? 0. 038 g/m? 0.126 g/m?
0. 053 g/m? 0.032 g/m?® 0.021 g/m?
1162 /m? 418 /m? 951 /m?
0.093 g/m? 0.777 g/m? 2.390 g/m?

¥ Note: A: XfIX Contrast area; B: 320 [X. Effect area
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Fig. 4 Time series of precipitation particles (cloud and snow) measured by 2D-C probe in the experiment area on 11 Jul 2002: (a) The first

period of time; (b) the second period of time
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Table 2 Characteristics of cloud particles in the first period

of time in the experiment area

EN AR T GRS f) 2D-P — 4E KR4
A, BUREE B IR S XN 2D-C AR EA AR H]
2 1, 2 SRR — I Ba I X 0 e X IS
HOREAS , BURER A] g 11.25.24 F1 11.26.03, ¥k
Yy 27~32 4 /m’, JREAR 2000 pm, £ 7K 214
{H E4% 1600 pom, MR T EURFRAE ST, F5 N
NN ; 3 45 AEAN11.28.23, 11.:31.07

(e BEA
Instrument Semple H/m  T/'C_N/m 2 Pao/mm De/mm 553 g = ptBif e RAE W HTE ZFAFE4
DC 1 5151 —5.2 1093 0.20 0. 45 Table 3 Characteristics of cloud particles in second period of
Z 2158 —5.2 1326 0.20 0. 45 time in the experiment area
3 5156 —5.2 24539 0. 15 0. 45
4 5138 —5.2 27192 0.1 0. 40 I)‘(ZS iqéz]g le H/ T/C N.Jm=t Py D/
2D-P 1 5143 —5.2 27 0.85  1.20 petrument Sample T/m Sm o Temm Permm
5 5154 —59 39 L6 1. 60 2D-C 1 5221 —5.3 32940 0. 20 0. 35
3 5190 53 148 16 240 2 5222 —5.3 32354 0. 20 0.55
4 5157 5.9 336 1.6 240 3 5214 —5.3 107156 0. 20 0. 45
- : — 4 5222 —5.3 210067  0.15  0.45
T 1. 2 BEACHXT HUIXREAS s 3, 4 FEA NI XAEAS s N il kT
SEOKEE : Pan i Do SPSURKT f, FUKWE LRI A% T A S
Note: Samples 1 and 2 are in the contrast area, samples 3 and 4 are 2 pzlz 5.3 223 0. 40 3. 60
in the effect area. N;: number concentration, Pa,: peak diameter, 3 5210 —5.3 922 1.20 4.40
D.. . maximum diameter. 4 5218 —5.3 1798 2,00 4.80
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Fig. 5 Precipitation particle (cloud: 2D-Cj; ice crystal: 2D-P) images before and after seeding in the experiment area: (a) The first period

of time; (b) the second period of time. 1 and 2 represent samples in the contrast area. 3 and 4 represent samples in the effect area
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o

N T et — AL AE N TS . &0t 5~
10 min Ay EIAIRG . LUK AT DARGE A K 3] 2D-
C 1 2D-P R~ Frac I 2 i RUBE . AT T
TEMARPEARE T . iR EE N — 5°C b, XK i 1
AT KT AN D0 - ASTRIR /MKty ] RE 1 31

x4 —SCEAFNEHKBZEZT 6, 10 min FHRAER
(dw)

Table 4 The maximum diameters (d, ) of ice crystal with
different diameters after 6 minutes and 10 minutes growth at

—5 C temperature

WG EAZ do

Initial diameter dy/pm 360 s dm/pm 600 s dm/pm
1 134.2 173. 4
10 134.9 173.9
20 136. 9 177.7
40 149. 2 185. 2
50 186. 9 216. 7
100 351.6 368. 4

£S5 10 ym kRBEARRBETEZE 6, 10 min FRAER
Table 5 The maximum diameters of 10 pm ice crystal after 6

minutes and 10 minutes growth

VKA AN B Super satu-

T/ °C  ration with respect to ice 360 s dn/pm 600 s dp/pm

BRI RE . RIS R o, O
0.50 g/m®, AR VK G BE AR 20 30 TR R ]
KA DI I 7 DR P 05 2 B2 R L B AN 7 1) B AR S
N BRI R TREIA B A i R (ZRILER 4.
WIERAE N 10 pm PKERFEAS [RIRLEE T+ RIPKIRT S 10
FEEA A HLARFF AR . 225 6 min A 10 min J5
UK AR BRI RO R (BRI 5) .
M4 Al IA S, AE— 5 CRE, K Ak
TS RA R BT JCig I R 2 1 pm i 2
10 pm DL EMPKARRL T, Zid 6 min, {UALEEEEAE
R, AT LUK R 100 pm B F s B 25 R ¥R 52 ) Al
IR A KU R, RISy — 2°C mf,
10 pm PK&h 6 min J5REMSIE K2 97 pm, 10 min 7]
ik 125 pm, # —5CH, H4E 10 pm UKL
6 min #APAJHEKF] 135 pm A 47, 10 min D3 K 3]
174 pm 7o 47 5 XS8R E R BT RUE . TR
VEESIE 0 0 BN BB s 28 A/ NI A= E i ] 1)
T 7 A4 FIFR 5 BRI XS B — L 3 R R R
FEAE B BADIRDE TR Y, TS PlRBCA R KA
ZE] s (HAREUL IR 1 25 AF T s N LUK R 7EAR
JELIS 1] A AT AT RE IR BIRE KT R . 735b, 18
NI L PR . =5 AR UK IR S d
SRR 7EREE AR R . 1 B 2 i
PLIE KBS, AR N T oK AL TR R A R AR K
P TR A5 N5 AR UK e S0 — BEiS [A]
JG » AR KA/ N LUK A3 Al . 3X S645 2R
BT, N5 IR R PR 7R M X R BER2D-C
AL 2]
4.2 FMEXAHF (KRZBHHKER)ESENEZHL
N T R X SR A KA B, FRATT
TEMTER EF 19 F R EE4% 3 AR e B, BRI K =
THAPKER T ATIRDL . 3 6 25 Y 2R X 5695~
3500 m AN ] i BEBEOK IR iR (2D-C K 2 ki Fl oK
Af ) P 2R AR A o AE ARk JZ 1 J7 500 m (5695 m,
R 6 PEKEERR (2D-C KEMFHIKER)HESEREN
Table 6 Vertical profile of precipitation embryo (cloud and

snow measured by 2 D-C probe)

—1 0.99 % 72.0 92.4
—2 1.99 % 97. 1 124.9
—5 5.12 % 134.9 173.9

—6 6.2 % 141. 9 182. 6

H /m T/C N /m™3 P/ pym dw/ pm
5695 —6.5 91825 150 350
4631 —0.5 8135 200 700
3517 11.5 1055 250 450
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—6.5°C)4b, MM BN B (N) 91825 4~/m’ K
ZIEFIVKE WM EE (P 150 pm, KT K
FAE 450 pm, WRLFIEATE . HA A 2 /K,
LR VK IR G 7E 5372 m (—5. 7°C) & B LS
R 2T R K R B Dy 13772 4 /m’, WE(H EAR K
150 pm, KA 500 pm, £E O°CFHiE (4631 m,
B —0.5°C) 2D-C UG AIAES, . b7k N 8153
AN/m*, WE(HE AR 200 pm, FRRF HZIS 700
pm, R R T O T . A AR vk
AR A VKRB TRVR B 5 Bk T80 4000, 5
HMNEAE — B8 K 2 T VKR 15 R R RE AR SR AE 0°C
(3517 m) T DU B, FEASHR R K . WA BT
W o FEAEY i b T RN 20 A e v BE ) oK i AT oK
PR A, HIF AT S 500 hPa (5 km) 4577
HEEBPATREZE, BN B8 & &
JE 5 BAR/INK S FEZS T 4 B A I E] A K
AR PR R B —E R TV, 76 T iE
PR PRGN, IR Rl I IR A DA SR B i AR
KK, REGUKER R AR AR 0°C Btz fil A e i
W 0°CZHHImA FH B, B R, UilIREK
W2 5 3K — il HE A AL L

ATV X Tk % K 5 vk fE . FSSP-100
PR TRINEN N 2= B0 F U, ANRE T BE = i 5 0K
— N RAR/NT 5 e BREF R YR - TR
FOKEMAIE R K. 274 H T FSSP-100 £k H
1~16 g 5 FE NI 2 59 % B DX A2 0 X845/
TR A B K P AR Ol . AT LUE 2R
JG AR KBS, HAL R BN 2
JERSA 2, X T B A AR TR B VK B 43
B RAT AL KT A F 45/ IN PR A R T 38
4.3 1Al jgFEIKE R R EMSE DK XEREN

K& 713 MR R 718 PP E A S T IXIRER &
SRS, 7RI ], B ARG 15 Zr 8P
— AN 0°8% 0. 5°f% PPT [ K [0 3k (&, X0 2 B
71 11 H 10 BF USSR AH T 0 E s 08 21 )
HEZR =B B . KBTS B R X, 78
Je SR A3MT A b F i (R0 30 5 1 AR AR DA 75 MR K42
£ 5 om H IR AR AR .

TRALAE D 5 M X SR AR A A A R, T
WFFE CHLAEML 5 52 ma DX ISR L . 5 B s LI 1) i /K
RT3 23 R %o U DXL ARk XA R X = AN X3, 220K
P ARG 1981~ 198 345 T 3K WL 43 A1 A Ky 5% 1) X

F7T MEXMFMEX N FNEKESHFFIE (FSSP-
100, 712 1~5 pm)

Table 7  Distribution characteristics of cloud particles and
water content in the contrast area and the effect area (Meas-

ured by FSSP-100 probe, diameters from 1 to 5 pm)

&K Water

content /
N{/m? gem ?
BB The XX 3.74X105  1.140X 10

first period of Contrast area

time S X 4,546X 105 7.83X1077

Effect area

ST BE The XX 1. 81X10°  3,04X1077
second period of  Contrast area
time A1 1.93X10%  2.39 X107°

Effect area

FEVEN DX R, T HEG R IS A 1057, Kol
100 km BB XN . X AFAM AT AL 2 40 km, X
FRo M X L BEATZE MR, B 94 km, JIE A
105°, 2R 100 km [ S5 I RS X, EEEAE PO P
DIZR . U8 #A FIRUHAELIX. CAnEl 6 frm) . [
6a MYEALAT (11:16) HUAFAIFEK I E, & 6b K
PENLJG 15 48 (11:3D) BUAS 1. R TR A
TR, AR AT (DY PR ) & B R
50 km JEEIVE R bR . DRR B 0] A6 5200 X
TR R/ INTET AR ) X3, OB K 0 s X 1 R 5 EE X
YRk X AE D9 B M4

AT CHLARBE RIS H X HE4T 2 1 Bl BRI
FRATTFAE Y T I 68 L DRI Ml DX 1) e 7K R T 5 5
BELL Iz 35 dBZ. 30 dBZ. 25 dBZ i Al i 1 F A £k
FVGHEVE ML XT B K = B e . SE it 25 5 L%
8, I WX L X P TEHE R ML a5, PR X B
DX ] 95 A A8 AR AR 2 AR BROK AR A T 52 i) X34
FIFEML S Z B K I AR B SRR . B FRAE AL
RIS Z AT X B DR i) DX 2 J2 0k 2 B K Tl g
XF LG X2, (K 13 ik 35 dBZ, ARML X AR
DX ET 3 55 2, dRes [l ok 25 dBZ, ARMK S 15 234,
XoF L DX B8 7K [T 527 28 49653 Wi B {7 B s AT 7R 7%
I3 O EIb Y A LN TR AR (e NN 1552
Wi X [l 39560 7, i [l X TR R T, Fe K [l
SR 25 dBZ Bk F] 30 dBZ, 25 dBZ #Y 1 FL M
4500 km® HEHNE] 7000 km® , 3 & [0 i R AE AR 16 Ji
SEVENIG 25 H oK bR T R BE S, VK S R A R
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%, FEACKL T34 KRR T Rk &, 7818 PPT B

14 S I [m]

4.4 BN FEM X KB T

FOLHG
fb. KZAME
KSR
AR e

KN AT 0. 8 mm FFEZE/EML BT 0. 5 mm,

PEALE 1/

AR

R 3 5 1 90 X AR K

TRV T R KRN X EE X K AR
AV EZIA A XL M 10:00~13:00, /N
1.2, 1.0 1Oy XUEBHARAE L X AR

AR MK IRE (AEW, B 2

AFRETR &4 0. 1 mm, 2B/ L X [T
5 SR DXHE FATAH 20 A 0. 4 mm 38

& 0. 8 mm FIM 0. 9 mm HEHNF] 1. 7 mm, 20X
PR R K SR B TN 52 M DX B8 7K 72 A ) s Bt LU AR
M X R B X K, 5 DB E L AP 5 AR X 2
35~60 km, MEHEL A 5100 m A4y, JEHR=s
BORVHI = B B AU 24 270°, XU 16 m/s, it
WATHG AEMLEZY 1 /N3] 1 /NS 20 43 RYAT 52
Wi X o Al DA S M DX 7K 1 722 46 7T BB e 52 2]
AR s . AR X RTS8, AEE XR XU
IR, MRZ AR E X5 KA AR,
IR T YERRAEMD 5 255 | R R T i Y E T A L

K6 fElAT () Bfflk)E (b) FisEIPERE (15, 30 dBZ) ZBfk. 1. YR ;2: SEMX;3: XFILIX. THIBERIE KIS 250 km
Fig. 6 Distributions of radar echo intensity (15, 30 dBZ) before (a) and after (b) seeding. 1: seeding area, 2: effect area, 3: contrast are-

a. Radar maximum range is 250 km

F8 (Ed I X FIRT LE X BEKEIRSH TN

Table 8 Radar echo change in the seeding effect area and the contrast area

T3 B 3 - Maximum

35 dBZ [H i fH Area of

30 dBZ [AlJ 1 FH Area of

echo intensity /dBZ 35 dBZ radar echo /km?

30 dBZ radar echo /km?

25 dBZ [Bly¢ i FH Area of
25 dBZ radar echo /km?

LI s ] X EE X R X X EE X R X X EE X X XL X FMIX
Time Contrast area  Effect area Contrast area  Effect area Contrast area  Effect area Contrast area  Effect area
11:16 35 25 5X12 — 50X 60 — 100X70 5X2

11:30 35 30 5X12 50X 60 30X 20 100X 70 50X90
11.:45 35 30 5X12 — 50X 60 40X 30 100 X70 100X 70
F£9 EMRIEH X I0RT L X AT
Table 9 Precipitation change in the seeding effect area and the contrast area
[# 7K £ Precipitation /mm
i ] Bt XX GBI PENE X (PR7E) S X () S X CRLFD
Time series Contrast area (Shuangliao)  Seeding area (Huaide) Effect area (Yitong) Effect area (Shuangyang)
10:00-11:00 1.2 0.8 — —
11:00-12.:00 1.0 0.5 0.4 0.9
12:00-13:00 1.0 0.1 0.8 1.7
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5 NG

A LR S I GO A AT LU H

(1) ZRE WD B R BT b XA fe R &5 7K ik
#0.1~0. 2 g/m’, (HIZIKEWERAR. — 85
T EIHILA R IIZRE X B = Rid A
BRI G| SRR T1» A 5 2 S 3 vk 2
AR R R K = R UOKFARR . SRR

2) Rl JE M IX = R UK FR R BE . FE T BLAS
BT FO DA ISR 30 0t R 52 8y 5 o 4 LC
JE NI R SR BT /N oK il 28
b URESTE 25 S B I ), A AT G B
Ko URERAKER ISR T & 2] 0°C JZ B 2T il AL B
> AR TR K . TR 7E—5°C R,
AR AL AL TR AR R ZAAF T . HAR<T10 pm
MUK ARZead 6 2 pP e AR KRB K 3] 103 pm 72
Ao XLEYREE SRR KT REE . Al LS g
TIREFF R e — 2 R

(3) S DX 7K 1o 96 56 o5k o 56 1] 96 X 4 1
YR, 5 PMS R~ 0 A7 52 0 DR 5 14
T ARG R — 2Ry TS B DX RS R K [ 3p 5 2 1
58 [ 95 DX T ARV BT 2 AN

() ARl DX R Bl 2D Al DX U5 R 4 3
s AR AR FZ I ) _E XT3 R 7K A8 A IR 8 UL
=N (A A5 TR eI 0 T T BUEZS
IR, B LC IR = A — &/
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