5530 & 4 6 M)
2019 4 11 A

VAN S S
JOURNAL OF APPLIED METEOROLOGICAL SCIENCE

Vol. 30, No. 6
November 2019

BN T PN — T TR = A B A . R R 54 . 2019.30(6) :665-676.

DOI. 10.11898/1001-7313.20190603

— XL iR = E LB EEL R

BAR

"o I G0?

VP EASRRERT IR R E K E ST, LRt 100081
PHEAR RS YIRS E AT S % . JE AT 100081
PULTARETANLEWK A KRiE 116001

i

:o
=

Sh TR A A R R R ) B T A A AR R T U R = X U A A S T 3 T
— YRRV 2 I TR AL R 40 ) R AT 6K I s A AL AL B v o i A v IR TR A A K Xk LU BT 58 A [ i A 8 X X
T BT P RERC IR . 45 R R W] SRR i AL S BOG IS T /5 BTN » 32 230 5 R 5 2 T IO 0 e TR O AN
LTl RS R R . AE b TR U DX R AU A A 0 3 R AICR A 30 e AR 9 R 4 AL SR 4D 12, 5/1
I TSN R TR 17. 806 . A AR A A 14 AR [ A2 J B B AT AT AL 32 B A S R T S 1 R M AL O . R A
AL SR BRI S FE A o Py T 1P 3 R AL IR O S T 28 (A5 A [ 0% 28 1 i A 50 0 O R i A 50 & C B 2 5 BOAN T O i
PERCR . 2 30 pm (Y ER B AL B 12, 5/ L, B4 ML 100/1 (9% IXCAEAL . AT IS 19 6 ¥ 4 T AR

SR MV B RIS Al fiETLs BEA fiEfL

CI—

N L5200 B K AL TT 43 v = AL FIE = i1k
PR RN L i Al 0 2R Rt 5 B K R A e ) B
BT oA A W AR AR T T R = AL A TR
A0 70 B4 A T EE R AR B R R R KDL
BEX Ve = N EH i g FO AR L ) 2 JF e ¥ = i
AEE AR AR B2 B2 25 A Ak 1Y WF 5% A0 Ak 37 1 6 4
B

B A E O N L KA e i oE g &
ANT MRSV WEETH, ENINRET ZH
AR E N LB 3 W 55 7 T T R TR
5T . Koenig 251 Fl Levy 2550 23 51 F) Fl = 4
YR AR ST T K O B R R K B S e
Xue 277 WRF # 5L  Thompson J5 2 v 52 3
T AR B R L ARAEL T M T A s b R XS A 2R B
T REE  FE [ P L o] U7 S SR ] — 2 B 725 A 2

2019-07-15 Y &), 2019-10-30 1 %] Fi e K -

XA Z AT TN A HOK S B 5% . e gE gt
KT =2 XS B AL B AR RO 5, I R 1T B
ERHLERI 9T . X RF 45 KRBT 4 R AL AL
OB AR A A B e R T 2 N TR
Wi R A A AR B0 BF 21 . Guo S IR R TR
T 4 A 790 0 6T BE AR AR R B AF 5T . AT 4E Ok S v RO A
T2 N — 2 o AR UK O B A O i AT
B AL BUE IR, 55— R A B AR L 5
FWIEEFE WRE A R 1) Thompson J5 § i
T T B AR L 5 e 2 i AR O R B T R AR R A
PN OR R TN WS I (O i< IR (e S IR
ZEDO U AL R A AL B B 5 MMS , WRE Hp R 5
RS G T R T BT 5T - & B0k B 4 TR X
VIS AU TS S I O N A T (e
SR A5 e L 08 oK O R R SRR AR 5 R Y
LR R .

B X W 3 R T X 2 R KA R ) e W 1 R
Tl N TG R A AL . BT B K & BT 58 . Rosenfeld

TIWH : ERARB A B H (41675137) , B &K H AW IT K I (2018YFC1507901) , Hr [ R 4 B 2% B 5% [ 36 4% B} 0 ol 55 2% 35 H

(20197013,2018Z009,2018KJ007)

% MEAE : louxf@cma. gov. cn



666 VA

%30 &

SRS T R T A ) A I 1 4 IR B L A
HEAL TR XU 25 25 0% R /N 43 A (DSD) 1 52 i F 4 AL
TR o] 52 0 K5 7K 2ok B 9 D7 T AT 43 BT . R IR R
AT M PE 2k = o A sh e fb. LI 3%
B R AR AP IR BROR G A% W B AR v, AR
R W KA R T A BB S 2 1 ) B 5 4
20 2 60 AR AR JA0 A% i S G 08 AR R i Ak 4 3
2o PR T ORIEORL L R TR AR T S B JE TR E T
T W TS 1 SO 3000 VR Y A 8 R 79 IF 5 R A 3 i
IR g6 IR R B ZE R U 2 UL B Y &
B, BRI = A K HAR R 100 pm R =
T o PRI S 32 0 6000 2 1) 2 2 A B SR R R R 6
F(EHAKT 30 pm) FK & CRE T K AT LB 5
~50 k) fHEAL B TR, 20 48 80 4EMR K
L 463 2 2 A AL ) B (R I 9 . — 4 1 X AR R
BRI R W ER L5 29 30 min i BLY
W — MR ALK ZE 100 pm H AR A
B ARV E X R E R B S
UM 2 T 7 1% RN Aok i R b 3 4 Ak 7 S5 (L F 5
TS T 50k AL B8 2 B /K 19 95 XL R 3 B2 XL 37 % 1
WS, B/ N LI R R TIRG Bk
IR .

R A, REE T BZRAG 2 Z0 CHILAT
B8 R A A BT dE A B 30/ L i N UK v BE L AR
JKREE T E BN FEEEK SR, S2RaME, X
T 1 E AR B K R0 A 8 AR B 1 T
JyE L R R s B RN g e AR AR 4
A A48 RN P 4 1 X U 2 A T RS UL 40 B B X R &
KB AR KRR & B b X = B A N T3
TR 38 A K S R A L A A i K R M X
12 SE ORI GETT 43 B 2 BT, 244 R BE B3 30 1) 38 7
Ry 2065 B Lh B IR = FBUZ IR A& =
AR T

N TAH = W FRAVE ML R 22 0 T 980 9% 33 5 ¢ 3 F
R B8 R T 2l O B 1) T A S R G
B RO IR R AR ED IR AL
B8R A PP A 3 24 A0 TR X R R I XY A 1k 75 AN
P 7] 2 DA RAS 38 22 1 e A FS o 048 A I AL 2 ]
FECTCRCEIN N o AL 2 R R R T T A
TN MR BLESE . Orville Z5 St RS AT
AR AL 36 B s R A K i TR AR S 8 LR B

{14 55 Rk 2 b T O ok ot Rl A RETE IR
RORE K F T A R AT T4 RO(E B U A A
SRR U S BES A (COND ¥R B2 B 5 W) 1%
Ao R e 26 11 A T ik R B A3 A T I SR LA
PR MM M4 JF XF 2018 4F Bz 2 JF 4
AN DT TF R 1 LSO 5 e B Al R A R
X R K i S B B S RN RUAE T A e X i
0 K BEAT T AR AR AL B AL, R R I T X =
ek 7K B W g

Li LAl L, LA AR ORI R 2 02 L — 1% = iz
AL R R R B = AL IF 5 L — AL AT XS
R BT ARIE A A . A SRS R = R TT 3 0
= HEXT R AR I AT R B 2 AL L
ARV 2 (AL AV B TR A AL, X LU AT S8 AR IR AL
A A TS A7 A48 1 5 5 X %o 3 2 e 7K F) AT BE S

1 B A AT %

AR SCHT ) = 4k X O 2 i e 1 W A A
{14 5 30 2 ok 47 B 2 4R 6 U i) gl g 2 R a3
a2 s W o O AN I R TN
Al TOFIEL 6 FOK B 27 Bh o Py B 5k B A0 E 45
R HEIT A S A B A TR RS S
2P i SO B AR AR S B0 46 A5 K U Y LG T Q.
VK &R V2 R A LB B N, P 2 RO
KB4 . KR4 DeMott (it 52 56 25 FL0%0 , il £k 45 i
P 2R TE = AR I 2 488 2 b 3 T 1 T T R A
i B L 25 1T WAk R A Ak ) 0 ISR R ) R 8% 2%
PER W EBEAE (Fuy) VBEZEUREE (Fu) MR 4SS (Foo)
N B VRS (Fu) 4 Pz R AL 38 i T UL AR <0
JBEREF (N o) FEL 5 7 25 7K A AL R F (N ) 2
AT R IE R T LIRS ORI A% Ak A
XFRIR Q) 7K (Qo) UK & FVBOR JE (Q . ND )
PERM . B LA BIh AR 2 i AL 3R A A 0L BE 7 L g
FHF 0 5% AL B A A £ 700 % e 7K ol R ) 5

FEAL o ER R A A S AE = X I = X, 3
TIER A 0 R Q, RN BORE N, PR
S8 FR S A = K S A BVE R AL R
5 2 T UK K TR VKR RO R O AR IR R
o BEAE G A AR TEAR IR X VR 45 1 8 Fh
T B AR AT B o A R . AR R BRORL A
e RN )



%6 1 BN SR - — YR T 25 B 667
w i ar )0 D
ra 15)91‘ L et Dog.LF i X Fi D
t []_’_ QS4 1( 47]>:| 1+ QS4 1( ‘71)
K, TF, \RT K, TF, \RT

KO R AR R R E R L eSS
TG s O AR BE s O i R B, R R IR
i=2. 5, My o BB F # 9 B, MO M K AR
973 14k, 5y Sl & 18 I 58. 5,q, NIEAILLIE: D K
KT HAEGK NSRS REGE L F NI
ARGENRFFIR R B p WEEE 00 N
{1k 2 JEE

HY T B 25 o A ) 3 R AR PR i L B
A 5 YT Y B T e L R b SRR

rdl:o.lgAfo“><F1+5A><i><F10(2)
dr r oL
ENEILC)
_ Dog.L( L ]
A qu{1+LKlT (RF—1)] - ®

AR B KA R S Ty T —
MS

0.18A X

‘"“XFlﬂ]r%:SAxixFl aﬁﬁ%‘j"j
oL

UMW G KRS

B T A R R B ok b — A
ERBAE = PR K B AR T 3 ~4 £5, TR B
ER VAT 38 2 5 2 T 0 R O AR RS K I R S
) 8 V5 T T TR RN I L BRI I AR S0 R R VA T AR 45 )
2k S A

8 L 0 Ak R A Ak I i A B e R AT A
ARG TE R T Bk AR by X 3t 2 A Al A X, i A
3L 2% [ B I Ji i 7K M A b A fb 4R 4 R i BB T
AL rh T AL SR 4TS AT 1 1 A 3L Al A A R FE
RIS NI 5] oA ABGEKEY BGE RS Tme s 1L
AL B33 1.2 km (9 A% T 210 min,

2016 4£ 9 H 1 H 08:00(dt i, FRHZE 2 H
08:00, % m 2SR F s MUl & = R G5 W, Wi 1L
[ A e Sl NI o 1~ O 11 D6 e 2
= - AR AL A, L 2016 4R 9 H 1 H 08:00
s MR 22 VE 01 16 3 i A IR 8 R0 38 52 4 3 i sl A
35 4300 2E AT R0 1 Ak | T AR A Ak R R - AR AR
B AL . B A K 2 FE% 1.2 km X
1.2 km, T B4 HE2 0. 7 km, #% £ 50 80 X 80 X
30, UMK 2 s BEIAT K i 90 min,

9 A 1 H 5L E Ik P B oR W VL RS b XK
T 2R 2 0] i v iR 2 30 dBZ D b XN A L X
LB I B 3 VY 1) AR ) AS AR T T AR L R 2 AR

2y 2 b i A K S RUBEE 10~ 30 kem T BRI
J 8 12~14 km, BB 30 0bh = 4R A SR IR
JEEAb (o] e A5 K DL I 1 K S ROBE 228y 20 ks 5 BE 4
U 12 ks 38 (P2 T 5 km UK B 4BL 4 (8] 96 5t FF
FE 52 D A 52

& /km

20 30 4‘0
#H 88 /km

6 5 10 fS 20 25 30 3‘5 4b 45 50
Bl 1 2016 49 H 1 H B [al ik 3 & 5w =
(R RN 207 . °C)

Fig. 1 Vertical section of simulated echo on

e dB7Z

1 Sep 2016(black line denotes temperature, unit; °C)

Bl 2 SRS 15 BRI S 40 4380 A~ B 210 1
AR B T B . T AR 2L 5 15 0 shes
H2~8 km FECHBE K, BEFOATF 5 km
Wb RAEZ N 2 g - kg ' o VKEVRLF BRI AE 5
~9 km FE . FREMBMK. BRLY R 10 ° g kg 'Lt
B R AR5 . 55 40 2B Bd © W B IK , LA ok
SR T RO T 12 km BB R B KE A R
lgekg ' R FrEEP0HRAE I~10 km, [
KEENAAE 6 km U R KR EBL 2 g -
kg™t o MASERUL A4 TR K R 3 AR 4k BT DL B K R
DLz W A sh5 A (Acr) A2 i (B 3a) » HE(E 52 /N, 56
15 Jp Py B2 0.1 g« kg !« s B T AV
55, FEEEIF R 2 10 min; 75 ZK W KAl (Cer) £ %
S AR S AR A 20 ~ 30 4%, Fif 3 3 2R 1
Lgekg '« s ', LB KK H BRI & 5/,
30 min J5 &l Ak BT 7K (Mgr) 9 28 2 5 28 3% i 35

F 0.1 g kg ! o s, IFFESE 40 S At 1 K 3]
1gekg '« s ', [a] BRI &0 38 (&l 3b) . &

P SR K e B e R 1Y R IR



668 T N S %30 &

R /km

T /km

R /km

B2 MR REMaP KRS EEST  (OQBE 15 280 oK@ wi.g- ke TR EEHI
e T () VTR (R L 0o (D REABLER 15 min AVK R (TR 8 fr.g - kg D JFZK (4R 300 g » kg D JRJE
B A7 °C) L (OBAEE 40 Sp B I Bk (ergk . Mdi.g - ke D VR (A @#S (I0 H U8 Qe JRECBRZ . A 6.0,

(DB 40 S8k i (B4 g - ke D K (R 8.« ke D B (A R IE CBLZ L 941 .0O)
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vector(white arrow) , vertical speed(the shaded) , temperature(black line, unit:"C) at the 15th minute, (b)ice(the blue line,unit:g » kg~ 1),
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0 30 60 90

. kg—1

: ‘ ‘ ‘ g
(b) 0.25

50F

i) \ ‘
=4

)

<
<

0.15

i /km
PH S /km
&

0.0s  40f 0.05

20 25 30 35
BB/ km P /km

Bl 5 BEAULER 32 Sl KR RV T 2 AR R IS R (OB S K (g g e ke D VK GEZ L g kgD
%(%gﬁ 9$’ﬁi g kg71 ) \ﬁfé?ﬁ(iﬁﬁ)ﬁEﬂE ) (b)*ﬁ*ﬂgj((ﬂ% vi’ﬁ‘l‘:g M kgil) \]__ﬁ7k(h1§g£ 7$&:g M kgil) N
B (LR g - kgD VER IR (B K00 A (o) FoBy 5 oAt /K g8 4 22 181 A 3k 4 B ok R B ) ] A5 £k
Fig. 5 Subsection of simulated water substances,salt resolved water and main microphysical processes at the 32nd minute
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(green linesunit:g * kg~ 1), salt resolved water(the shaded) , (b) the horizontal distribution of simulated cloud water
(red line,unit:g « kg~ 1) ,rainwater(blue line,unit:g » kg~ 1), graupel(green line, unit:g « kg~ !) ,salt resolved water

(the shaded) , (¢) time series of microphysical processes between salt resolved drops and other water substances
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Fig. 8 Seeding location and precipitation distribution

(a)seeding area(black box) and subsections of simulated

cloud water(red line,unit:g « kg=!),vertical speed(the shaded) , temperature(green line,unit;‘C),

(b) time series of precipitation within 2 min with different seeding rates
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Abstract

To change precipitation amount and distribution through artificial cloud seeding is one target of weath-
er modification, especially for some important events. Cloud numerical simulations are important ways in
research of weather modification activities. A 3-D convective model is used to do simulation for a convec-
tive rainfall case in Zhejiang on 1 September 2016. The 3-D convective model calculates 27 microphysical
processes, which includes condensation, deposition, evaporation, collection, ice nucleation, ice multiplica-
tion, melting and freezing, auto conversion of cloud to rain, ice to graupel and graupel to hail. Agl seeding
parameterization is based on cloud chamber results of ice forming processes by Agl which can be identified
as deposition, contact freezing, condensation freezing and immersion freezing nucleation. Salt seeding
scheme considers the micro-physical process between the salt particle and liquid and ice particles. Using
the salt powder and Agl seeding scheme, a series of seeding simulations are designed with salt powder see-
ding, Agl seeding, and both of them, on seeding height levels, seeding rates, starting seeding times and
the size of salt powder, to simulate seeding effects of warm cloud seeding, cold cloud seeding., and mixed
cloud seeding schemes.

Results show that salt powder seeding is mainly manifested by seeding effects at first rain-increasing
then rain-reducing. The seeding mechanism is characterized by salt-dissolved droplets growth through col-
liding with cloud droplets, collected by raindrops, both of which fall to ground to increase precipitation.
The rain enhancement effect is better when seeding in the ascending flow region with 12. 5/L of salt pow-
der amount of 30 pm particle size, the precipitation can be increased by 17. 8. Agl seeding is carried out.,
which basically shows an effect of increasing rainfall after rain reduction. The more silver iodide seeded,
the greater the amount of rain reduction will be. For different seeding effects of salt powder and Agl, see-
ding effects are influenced by their amount of these two seeding agents. With 12. 5/L of salt powder of 30
pm particle size, along with 100/L Agl agent, the precipitation can be increased by 19%. These results
can be used to guide the field seeding experiment of weather modification with hygroscopic seeding agent

and glycogenic seeding agent.

Key words: convective cloud model; salt powder seeding; Agl seeding; combined seeding



