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Abstract

Hans iXJth

Weather modification is an important meteorological technique for people to scientifically hold the ob-
jective law, to properly develop, utilize and change nature. For frequent natural disaster and emergency,
Shandong Province has actively organized times of artificial precipitation and hail suppression in many
years against of drought and hail, which has made significant contribution to mitigate disaster and
guarantee fertility and good harvest in agriculture. Weather modification has played a key role in forest
fires, i.e. “4.18 forest fire in Changqing District”, “4.29 forest fire in Mengshan Mountain”. To guarantee
the smooth process of important events, suppression of precipitation had been successfully conducted
especially at the opening ceremony of the 11th National Games of China. This paper outlines principle of
weather modification, the usage of catalyst and vehicle, also analyses the development course of weather
modification in Shandong province, scale of operation, as well as the important role that weather mod-

ification has played in disaster prevention and mitigation.
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ATHMRSEANMIBHERZNAE, SHEIFR. A, JEERK—HEZIZAEFER. UREN—
BRAREMREBMHL KKEE, ZER, ARATEMKELES, RRASUTRENGEEL, AERFR
BREME T BETR, SRIERVEFFEORET EEMEM; EIB20114F “4-18” KFERFRFM KM
“4-29” RILBMKKEFLZERMAKT, ATHBRIKRESTF, RKIETRBIEM; £RERASE. L&,
FHRAES T —REBTFEAIH, BUTRTMNSATHEGR)MIEL, RIETHESRRMET. CHFA
TRIMR AR R E R KA B T AT TR, HHANE T LRAN TR S TR R BHRE.
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1. 51§

AR s A AR B I . BT R, MR RR, DL BB PRSI, TR IE A
AR RERENE, BT ARREBIENE G LR, IWRFETE TR R FG L 200 {478 HIELFFHUE,
Herp 50% LA EON TR AMRE K E - BEE L3 AL 2 IR A, R K P i R 48 X EAE AN TS ] [2]
WAKRFPEHEZ, HEILFE BELBREARETE, ABPKRIEIAEFEMON 322 770K, A2aEY
BRFIIN 2 — BB EFELA 40 ACSLTTRRIAIKER I, KBRSk AKASHESS . 7K 9 B = KoK i
I R K B BRI F JE IO R M. BBl MRS T BUE BT A T oK B, A K &,
XEMKTHERZ . RIFAS SR8k, RAEEE .

BB SRR, RRRERKNE. REME ATTHUESE R BAR R, T2, IEEREERIR
P2 R HUREIH L. MILZRIEJUERETEHARE, 2009 FRAE T ARFES, 28 %2 FHAILE 3400
JiHi; 2010 4EAKE 2011 3, AR T A ARICKRENENKEAFE=FES . [N, dh /MR
MR AGE G EIVKE RS, RGN IR, HERSA . SRR, H AL A P R B PEAK 3]
X5 IKEAFRTE, TG HOT RN M R U, AT R KRR S g G Ak b < 5 o 3 ok N R A P A
TS R, TR TR . BRI AR ISR X [4]. K ZERBNARSS 1, AR E N TR
RATARAEALRE ST BHEKCF RIS s 2R F e m, TR KK . PRIRE DAL S R i 2] T AURAT
MIER, 322 7 S ZTBOR A RN R AR 2 5 5E -

FUAT, AR AN R R ASAE SR Bl SR T T B T Jee ) AR B N T AN L. A EE
ST NI . N B8 R SR AN R A 7 LR AR A T F N T2 R AR L Al AR AR
R S5 5 THI PR P 2

2. AT®mXSEAR

N TR R(CA R RIFR “ N5 7 )2 18 9 st G TG o 356 N RZE P RAS IS I Bt %, #6384 (1 5%
PR R RN Y EE FEE N T AT 0, SCBUE WS . BioKE s B M REsh. H AT 2Ll
NTHRAMANTEENE, RAIGMETHIR Bk RFNRE M 2 efidm NREFRE. SEIFK
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MAAIRBHE . SRR S R EERF B —[5].
2.1 AIHEmEFEE

N THERRAREAF 22 BRI, = PR ok, ok, ISR, DA A
G ARSI, IR RO AR T A R . ¥ (BRI T 0°C) it T2l 5 Kk I+
Bt FR(UK SR L), BITE = PR G Bk i, 7EKVR S KR il =ML AZ 4R T, B PRI AR ER T
UKIATAKT U, AR KR DU K, B AR, K RUKOKEAL, SINEE K RR,  hAe R S R f e 1) 2 A
o AR b T B 7K 23 A [6] o

0 2 (= AT i T O°C) B /K BT AL AR AN ) T 2 B [7] - 1 32 R /K 22 18] AR RN B 040, G E
T E) AR AR A PR BRI T Fi o 1 2 P R TR 52 SN DR KR e R A, SO = W oA 3 01, 3
AR TE 2 (W) 0, AR R AR R, (S RE I R IREAT, T RA 1 R B K B KK 1 B g

22. AIBHERE

N T EERN X 2] (e A UK K = 2T N TR = A MK R ik R e NIk,
B A/ INCORLAE R R UK 2 TR T v 25T o B SR BRI i b BRI Xt /N B R (K 7 Bt
RHAMTNREEEALB] © “Plaises” , BEIMATER. KA R Me. MR, @i mIEek k)
B PO LUK, WIS InE 8, SHFaa P A RKs, Ml EqTr s, AR, 5
Lot B XN R KGR . @ “PREATFERT” (FAMWEIEXARATVE ), BT HURMEEIEIERX, $ERT™ L REK,
KREWHAEFRES SUKEAE KRR A K. B, ARSI KE G BHE K E A KLl A
G IEm W BRI RAR,  DLE BRI RS A AN BRI H o

23 BRAREUFARESHIA

N TR RS AT EHE F T4 2 M A [0 504 7RI IR AZ DA BE 2= A AW A% . e 8504 7] —
T UKRR A, HN @ KRB RO R K s TSR R ) R W S5 (RN T Uk 2 i
AR(AQ), FLEASHSUKRFENAN T, kSR, BAETK, MOLRikaE R, 1 it
HRAE-10C = RE= A4 10%~108 ANk gL, 7E-20°C =W g4 10" MUK [6] -

FATEZ0EE CHL. B, KFT. R R B E T HR TP R v = sR & 2 (N T8 B () A B AR
FIH CHE = RFRRL AR BB =, AR AL EAM, #ER0S 5], HERVaHE): (HAEN TN
(AL SR IR AR BT T B S 28 . R AR B, Ml A T ARAE s ik & A © 37 mm
Rk FEMBRIYEZG RN 1 5 Agl, BE N EEIE B Agl. @ A Agl JEFIRIKE: NKETNSEE Agl I
fE— 2 B LIRGE, PAEMUKEEBEA S . @ Agl MR, : 76 SkIR0E Agl TRV, 1403 Hh 2 vk
g, i EGE EAH R KT N S AR KNSR e A, K R S R ) AR R
e M R eI R VE BN s R S i PR VR S A B R R R R, 2@ & T WL LN IR = AL
B AN TR B ARG T NAE N, BBELGF. . AR H s, 2EH T X
M = N TG AN B ARk

3. IRAIRWXSHZREI
31 RRHE

R4 T 20 40 50 5 IR TT A A AU TT R N TR RS T AE. 1959 4, IR A AR RAEGT I B Rt
177 KWW IS . 1961 4F 1~7 H, BEATHTRAI /R L 04T 83 28K, 1972 4F, HuJF T Il AR s ANFEARAk
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FIFE, A “=17 @M N TR, 8% 1978 4, WELREE 7 MR X)JFRE T mE A TN
R R, B ALe IREE, 1972 GRA A S EM SRR L K iR oy Bide . SRR ST ah k4T N L
FRK; 1978 4, (WARCAH 36 MEGT. K)FRATHERK . B TAEN = ZEWIINRA L . BAREEH
AT IG5 I, 18 BB AR KRR s A, NEAEAFEA 2 RIS H % 1980 4R, RS 45
@R EAS G ) E AR R, LRI AIREE T 1981 F151E[2] [8]

80 FEAEH, W AREF KD, HAKESRIEZ, AP EF MK RTR, T 1987 41 1989 441
AR E T EM N TR B B A KHLN TR VR AR S . 1987 4E 8 H, Hrrd. . ¥EYT . ImITHvI B E N
—HERE F N TG B B E AR X [H4E5 H 25 H, Brrg bl sk T 7 ek N T EN; 7 H 9 H,
TN T AT TP RS 3 AME ST 7 MR, BEJG R, ORI BB B AT B R R
1988 L AR A WU AT — -+ — I S 2 W E I E T KHLAN TR . 1989 42 3 H 1 H, LR B BUMNLTE
BAL AR NRBUF N TR 7p A% ” (2004 45 A AN “ I ARE NRBUF A LRSI AE” , LUTHE
FrCARBEANFES ) 3 H 23 H, “i8-127 KHLAGF TR PR WL TR, FUdEIT 7l
RORHLN I N e

3.2. Rl FUR

Bk 2016 £ 6 A, 114K 17 1. 109 N E (T X) It 126 MEM A IR T N TIEmBGE TIE, #f “=
B M 516 1. KETR TS B 340 BB w LRI 74 A, A NSRS BAR A R L 1 R . [FIR
R N2 “i8-77 KL 2 ZEERL AT “i8 127 KHL—34(2016 4E), #& AR IMLH R “is-12”
KL 1 BE, (EAE VS WL RAE L. AR S RNF N E B IR FER N 7 464 4, =i, KEE
BN 2539 440 A2 N T REmA RSBV R 5 4 [E /T 4

3.3. {RlkREFSHEH

1989 AEAK AT KALIG RN 1E ML, {3 F 25 %« 22267 KALIE I R T-0K R 2 S5 AR EA T 3 MU /E ks 1989-2000
S, TR G M LA S R <2557 KHLF RIS E L 1993 451 IR L R R AR, A
TCRRRUREAG T AR F B P I RO R), A A TR B TR SO N BIMEAR s 1997 S P B A X B E “ig
77 KA TR RIfEE: 2002 E51HERES CO, ik & 2005 fEMEH =AM A “iz-127 KHLEEHTH
PRI KT 51 HE RYF-1 BUPLAE 2 3R S B 2006 FAlH M A BB A AR “ig-127 kHL, JFEHKE
LS AR AR S EEARI ;2007 SE36%E RYSZ-1 RUNLAIE W JE s R S R0, A8 I KL IR I HEA1 Ha 2% g
FRREATEAGIE L 2009 45 FAHFER 2 ZEHF M EX 2B F “Ia-77 (HLIN%E RYSZ-1 AUPLEIE WG R R4
2014 4F, HHAFIMEF LT =T @AM AT “iz-127 W, B ZY-1 BB AR AR S : 2016 £ 4
B NIPECEIENT “i 127 KHL, [F R T RYSZ-1 RGN M A S RGN ZY-1 BIML BG4 4R AR 4t
TR CHIIE RN AE L o BRI I A 0 A G 3 B RO A AR B 1] 2 B

1987 A RS Fe b i N T3 MY B B2 VE b DAk, Bl RV “ =67 iy MR BR P o R KRR A R A 7]
TLPG 9394 [ EHCKHT R E, DERE “ =87 SMOEEE IR, 2001 FETFAGHE 8 VL 9394 | A
175 o SRR KT R T e

4. NILEMXSELRBRBRDLENER

PEaiil, 1987 4 3 J1 4 2016 4F 6 J1, L ZRHuTi A\ TIG R B B 3L A i M s 80.27 5k KT 5.11 1
Moo BRBeras% 5212 MY, Ritszaitifl 357.8 Ji~F i AR, MINFE/K 174.7 105277k, RIHKERi AR 60.74
JiETT AR, P E R 105.39 {470, 1989 4F 3 H A 2014 4£ 8 H, A LHLIUKHUIMWEN 493 22k, &
TH AT [A] 1125.86 /N, AENVZI AR 908.92 5177 22 B, HEINPEoK 188.085 A2 75K, TEARIEHLANTE 1 Fizs.
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Figure 1. Site distribution of weather modification in Shandong
1. WRATEWMR SRS 5%

Figure 2. Airborne flame bomb and flame tube launching devices

2. MBI R SRR E

NP A RO 7 F6 . b TERIUR, IR T RSN, BUS T BF NS S AESAGE,
B[R T HRBINFE TR HEE, Z2 T RNRBEARR 28 . JCHAE 2009 £, 2011 SE45ZF LR B SUE T
MRS, S R IT RN SR BCE I AL, RMREOR, RORWIE, DM RO AR R
H TR vk

VR, IARBREAT I AT BB R Z VAR Ah, % il B SR B B K AR . Bl 2 7
AR IO R KA G S RS NS5 7 3K, BUn R AR 55 4k S8 KAl
0, ER PR TS, R, BE T PR, 2006 fELIR, TEG R R L XCSLHER RO KT
BEWIAEL, ORISR K IESEGR A TR ER s (RS NREIMES N T 2007 4 RilpRF 2. 2008 47 & )
PLIEAT 2009 £F5F -+ J 4 [z Bl 2 T () 30U D () ] S ST 55 45 BRI 80, PRI 1T PIE X2 I
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Table 1. Aircraft artificial precipitation operation over the years in Shandong province
= L WWRERE TN ALERELIER

Gl RATEE(ZRIR) TRATI [E] (/) TR km?) K (femg)
1989 28 55.02 30.00 12
1990 21 47.42 30.00 12
1991 21 47.73 45.00 17.6
1992 29 66.45 62.00 13
1993 10 21.67 31.20 8.3
1994 12 28.2 36.00 11.8
1995 19 43.88 25.90 10
1996 14 34.45 27.25 8.575
1997 26 56.62 68.70 15.9
1998 21 53.58 48.40 1111
1999 19 51.43 37.99 5.67
2000 25 62.42 441 4.13
2001 18 46.97 37.4 4.2
2002 22 55.33 49.9 8.6
2003 9 20.93 17.83 2.4
2004 7 15.38 19.6 3.3
2005 12 22.94 28.39 5.77
2006 13 33.53 29.39 3.77
2007 11 25.67 8.2 1.04
2008 15 39.10 26.63 4.42
2009 27 60 42.2 3.82
2010 16 38.17 26.33 3.33
2011 19 47.42 32.08 2.87
2012 7 17.15 10.15 0.26
2013 19 40.4 29.26 2.04
2014 19 43.91 29.21 5.34
2015 6 14.17 55 0.5
2016 (6 H) 15 35.92 9 1.79
it 493 1125.86 908.92 188.085

WHANBRIBEAT o #HXF 2011 4 “4-187 KIBRFRARMA K “4-297 ZHLARMAK, IR TRETT R E 315
MK BTG, eI HL, ST CHL. KT R I R K KAk o R R AR R RO K R
KAKIE], THE) T IR CHLEE R SE 0], AEARTE KR Ll S R X S WL I ffalk 2 280k, itk
17 5 /NI 20 38h, RS HATE 396 AL, MR 3.1 V3V A B [N, KIS LGRS . 4845 6 T 39
MRS KT A 4y 38 MREEMRL AL, & MLt A ALk, SRS KT 370 M. Ma3 124 %, #AKE
Ja2k 34 MR, HIMITEA S AN K KOR A T AR, N T3S R SUIR 5549 8K KB £ F 45 Bl e L VP A
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5. 45

ARILEBREIR T N TR0 KA R I A R R T2 3 DL AR N TR R A R 1 5 S HAE S
R IR A [ B EAE

WRRE—ADZRER, T IE. FRRKERERARE, @ 2HENLERY], NTHEWATLTE
IR A B 2 TR BRI, AR “— B [ “ORTH7 5 N THIE R IRR T Hef 201
BARTE. FARGEZEIEHRS], NIRRT — TR, & 2l KEAa Rk sk, AW R
WS, FEBAERAE ST AR RAEE IS s A TR KSR =T AR B0%T, BEE AT
SO R BRI AW L MG TAR R K AW, EAERTHIIRIBCREET . R AR @™ fRER R
R T TR AR KA AR

E&WH
IR SR 15 2014sdgxm09.
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