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Abstract: This paper summarizes the international progress in weather modification technologies during

2013— 2016, reviews the comprehensive evaluation of weather modification experiments, application of

high performance remote sensing equipment, application of cloud and seeding models, research and devel-

opment of weather modification equipment and other related researches. In addition, combining the status

of weather modification technologies in China with recent international progress, the experiences and sug-

gestions for promoting the related weather modification technologies are discussed from different aspects.
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WWMPP) i 78 B MK ] JRy 156 [ 3 98 ik 4 25 5t
S BE I 28 I [ SR AU S 0 BT HEAT
AT T 10 i m W50, & B A ik 10% ~
15% . BEJS M 5 4R THR0 b, ol PR K 2% 1 5 HL 2K
Ik L PMS UL BERL 2 AL 56 BN TR R A
Al A TTINGE N . VR L T B R B AR AL R I
TRENLEAL T S . R A R AT S R 40 AL S
B CH AR B A 4 b, 22 opas ] 2 ho o sl (B D
TR A WA 1 1l DX R D R A B
PR 26 10 DXL T4 ol e 6 AT 1 A 4 D0 45 5] W 2
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MR AL R B E O 25 g - bt A AR
PR AU A I e T 8 S MR A S TR R B N . &
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mm) ,5~6 4 {4 = [ 55 05 AT 3k B GE i R RE A S
WAL G N LI E RO AT ik 10 % ~15% (Breed et al,
2014) . AW AR 1 B 58 TE 3 2 W 2 1 0 2 i 52
ZERUA S H 2 2 BT 3 28 H s ) 02 3 A 58 (Witze,
2014) . EIE AR 2 )5 KK i I 22 2 JE 0 220
it FH A B 0 AURE FEAT IR E . Al Al 4 R
JSCAS B RIS i 1 X AT BB 7 A ) 5 Wi L 2 S [
TR, H R Bl AL 56 AR L B A KT (Wind Riv-
er) I gk L T i
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2012—2013 4£75 3 [ 0 Mk W M e 3 OF Jie 1 it
AR BCR 9 The Agl Seeding Cloud Impact
Investigation (ASCII) campaign |, 5 X & 5 F R
B I 2 AL 156 [8) B 7 P A Ll ks X & = E =
Wi =5 T o b T HA 5 ol o 7R A A 1 CIRT 2) 0 T
AP ES T PWE 1.2 em K K BN & &
(Micro Rain Radar,MRR) ,—#f 3 em # A7 X
W B £2 3 ) 85 15 (Doppler-on Wheels, DOW) & =
JETHEE WL 5 5 s RALFE 2 3 mmW iz Be bl 45 B 4k
28 % (Wyoming Cloud Radar, WCR) . )t = &
K BEAORLF BRI . b TR B b 2 T2 K
HeZ L AE T B bR X5 R 0 3 1 X3 AT X L.
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I MRRs) %] L AL 25 711198 22 B [T e i 2 25 2R
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[ 3% i S5 LA AL 5 2> 1.5 dBz. fiEfb = DOW ik
13 LE AR i A A0 25, P35 A iy 25 (L BRAE 1 km
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Pokharel et al,2017),
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Fig. 1 Site map of the WWMPP randomized experiment including topography in Wyoming (a)

(Breed et al,2014) and the ground-based seeding generators (b)

(All facilities are denoted with color-coded symbols, including SNOTEL sites, sounding site,

two radiometer sites, ground-based seeding generators and high-resolution

precipitation gauge sites)
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Fig. 2 ASCII experimental design map over two mountains
in southern Wyoming (Pokharel and Geerts,2016)
(Solid black lines show the flight tracks and square

symbols show the ground-based Agl generators)
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et al,2016) .,
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et al,2016),
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fIE B FF 2L 5% ) DX S8l 0 A MEAR O PP AS . A KON 2
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(Defelice et al.2014) . HMARBL. A NN TEH —
DX 32 448 i e K 2k /b R XU B R K G g
KA KD  BCE A S KUy Bk Gl ik
Wz K R ZE B VR R NN O = R SR IR R & ok
VO B 95 AR b P57 9 1] 8 (robbing Peter to pay
Paul) . SK 1M X Fh 418 5 55 R8T A7 40 KA Y k5
TESZ . AF XX A 8] 8, Dennis (1980) 18 53 43 #7 £ Tl
BE ML S F5  H bR DG R QO RR D » R XUy 2 B
WA () . Defelice et al(2014) B IRZE S
B 1 56 [0 4 38 0 ) i JE S R A ) S ) 5 S A
TLRZ MR R0l 55 B 5 I g (R 4 24 20 25 L 2
WEED . HA A ds 1 BEL AR BEALL IS R T
T3 52 H b DX i T R K DL S A T Ak R I A
il DX PEAG 77 125, 19 B 1Y 25 5 45 R 2 1 = 0 BEOK 1Y
B AN R W TG 18 TR A ZE AR R M T O RN
(5% ~ 152 [ 38 T, Bt %k — 26 5% 9 & 56 W] BB 2
O AEAS (] b Ah Y TR AW AT RE 23 & AR 2 E o Tk

T . AT 25 5 W10 B8R Bl g 3500 R e H A

b3 KK & i/ 7)) (North American Weather
Consultants, NAWC) 32 #6178 i) 48 A . 78 4 Cuya-
ma 1] b T J 4 = R AR O nT AT RS . A
W T 7E 12 kb DX T R ok A i AT RN ML A 60K L AR
KA iRl b 123 AMSiras ®. TS
TR B AR FEE X 43 B 5 XA B AR X
S S I R S R T P R T S R L B
PE 6 XA S 5B S B AR XA R
XA TR 1 56 2D A 2 4 [e] 0E O AR (HE o X R
A B AR XA S S — A
[ OC 7D » H bR A il X)) A 5 2 5 fil 7E 0. 84
~0.91, T4 XAk B, 7 28 2 % K0 sk AL
Tt 1) 3y oS A3 T 5 0 D) 5 I B R RE 52 47 IO e 1
B NAMC A 2R T 20 4 IA F& 0T 3 1)
iy S 27K W]l [l Oy AR T AR . TEAR 2 AN
R AR BB HOAT DA AS 12—3 H A REOK 3G m
9% ~21% (Griffith et al, 2015;2016) .

Delene(2016) 85 1 5% [ JLIX BHUL M 3 4F M IR
PERG AR o W20 1 47 O I B K g A A A
KAWL 2] ) = IS = BE 45 2% (cloud condensation
nuclei, CCND | 5 JiG I BE 25 1% # J3E DA K = 4 30
S AGETE o A 4l SR AR 45 5 R W TT R I 1 R A Y
AT . o Bl A 38 W 2 358 45 A 1 Tk B L = TR 1 R
Tk oA S 2 N ) L B R v R R A T A B A
F 5 LI AR X8 e 19 CCN kB (1260 em*) A LA
TE BRI A R B W 30k 0 ™ A B 22 R W L S T
Bt K03 5 38 2ah X 2 G T B R s B A A ORI L 4 3 L
IR BT I 25 25 G T B AR XS 31K » 2 2 5 » VRORA 7K i
WAE R K B v B S SR . PR R K AR 11 1
I IEAAAAR A T 1% W L 2, 38 95 S B = R
Ao o VS e B A T A 4 3 2R T L 3 3R W K B B
JNATRE S ECR A M R B I . LR A TEAG R,
By SR (PN BENE SN IR e X A 1]

38 3 X 2 A Bk 5 K ARG O BN 5%
i) R AR I 9 25 5 VAL . R AR Y B S UE U R W =
T A2 S A BT R 2 R K B TR] Y
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X BN BE A3 2 T B F R T AL W Bt a
KA BRI 13 2] TIR AR . BOLH K
FOR A IR A B A SIS ] LA O A =
X PR ER A 25 A WOH AR S T LRI 2 v A ) RUBE
FRRE T o JE AR 25 25 TROWLARS ik P i A 2o SRR 5 2 AL

2.1 MEAXEFENHERRNEKSE

PR 2 1 ROBL LI B 7 A A R 0
SRR TRMLIE SRR A — Sy AL I B
ROELEIFRE T 50 248, 20 g 60 A H I K=
WFFE 27 T 46 R 3 2848 W] ) "RAIL T J X i 2 IR
JZ2 AR, H i e A 2 PR DR A i A5 [ R R
BIL AT AR X 37t )2 Hh 2 B T #B (Wang et al, 2012),
AT X AT R 27 i PL B AR 5 AT A

Pl WCR MW = 5350 95 GHz R fk £ 3%
R IR A AR LR B S 3R 7 i 1Y) 24 X A JEE Y
AINT 3 dB. E IR Y R R AR A R AR R B R R 4R
R A2 A, 72 1 km 4b HAETE — 40~ — 25 dBz.
WCR 13X 22 I dOBC & ] DLAE KL ©AT Ll |5
IR AKSF-FAE J5 ) E [) BE R . S R R R
1 2238 6 3 1) ) TG PR AT O 3 = B OK B 454
PR A000 1] 9B S % T A4 [ 8 R ) 22 8 DN P T
TE QAT I T 7K - ThD R0 2 B TR A7 X223 4 255 W
W AR R A 2] = FHRE K 2 0y 2 0 4 g B R
(50 mX50 m) 454, H T 2K = iKW IG 1) #L
SHES SR EARD 6 I BUE L, B 2 K
KRR R F b ORIk g . fEdE
FEKPERI K = s WCR A & % 1 RE J1 28 U 3] = 1
B R HETR A =, WCR H a2t PR S
A B PR KORUBE DK TE S5 38 R ke T
A

W B = % & 5 (Wyoming cloud lidar,
WCL) J& —Fi 5 2 AL A fhi = O 7 38, 7T AR U
[ HCSF FR AR A L Y 3 5 43 A . WCL 78 38 J5 1]
R PERAGE 3. 75 m B AP, WA CATHLL
43 e R L RUE Ky 5~ 20 m, HH B QAL iy Al
PG 2 30 m., WCL HJ i 5 1<l LUK Il 55 /Y
T RAREAES o X KB WCL X kL R 4K
eI ik T WCR, B AERE K = IR &M =
H, WCL W5 5 145 i /b = i g s fH & . WCL
F9 WRE T W R K = WG4 R s, Ik,
WCL H =15 B4 7 T WCR LI K & 145
Ak, AT R AR R 1Y) B

G I By /K ¥R 58 5111 (G-band water vapor radi-
ometers, GVR) Hf ProSensing 2\ & JF % . GVR i
FE VG A B0 77 6 A0 3 T T 2 B 0 B rh O AR Dy
183.31%£1, 3, £7 Ml 14 GHz, ffi i #4 M%
SRV A T A 380 1) 5 U RN AT R R A IR A A
A] [& /K 35 & (precipitable water vapor, PWV) HI &
K 4% (liquid water path, LWP), M F 183 GHz
BB 30 18 7K VR RN A 7K 1 W W R . 5 R L 23 A
31 GHz S 5 53 71 A0 b » GVR X QAL 2 €% Hb X
(1) LWP A R85 42 . PWV R LWP 1)
S L 55 35 B 7 1) WCR Fil WCL AHZS & 9 R i 52
A = FFE N K 2 0 R AR E .

2.2 HLEHGE BRI & B R A

Geerts et al(2015) F] A HLZ BUW R = 55 15, IR
7 2006—2013 4F 16 WAL I X 2547 T
ST AT I A A B BT T R I R AR K AR
B A R R 72 . 45 SRR W] 2 X B =K
BRSNS IR A0t 19 3 0/ 2 Bk Y 32 %
H 300 5 2R 77 A 1 B K B AE BT 5 4R T
XU A R K VR AE T XU s X T48 =Rl T
MR 338 25 S TH 3 BN AT BRI 7 A 1Y
K 3 K A TR AL R ) U B B iV T T
Wt v 7 T X7 o AT BOX R 7E 1L TR 3 43

2012—2013 4E1E /M Mk W A 15 8 2 1L JBkoOT i
ASCIT 5 . A FAHL AR = 75 3K Bl Bk DL e i e 2
) B IR A AL AR TR T 2 AR R ARG
OIS BIRETE . AU E B WA 2 Rl A IR
W2 48 i 55 HJE 2= R R 7K A 4t Al 5 4030
(Pokharel et al,2014a) , 43 540 $5 #5 8 7€ AL LY
WCR,— X i 5 MRR fil— & DOW, #3903 B H
P XS A W @K JF 45 T KU Kk R O AT
N e TOOR 5 PO =V 7 s I 445 SR 3R T i
I 3T 3 TR £ 2 5 24 B g 5 5 4030 1) XU DXR SR X L
P W] H A DT b THT A B3 25 2803 A T AR i B2
S, T Y AT AR T 2012 4R 2 A
21 H kR A ] i R PR S 20R . 2 H 13 H
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(Xue et al,2013b), Xue et al(2014) F] F§ 500 Fi
100 m BY7KF 73 B A 04T WRE R AR Agl

Hu T AL L 500 mo BCEE R 0 B R A AR UL 4 R S 00
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