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Planned weather modification
— Effects of artificially injected aerosols on clouds and precipitation —

Masataka Murakami

Immediately after World War II, the rainmaking (one of planned weather modification) technology of
introducing the artificially generated aerosols (or ice particles) into clouds, bypassing the rate-limiting process
which the mechanism in which natural clouds generate rain and snow has, and enhancing rain, appeared
brilliantly, and is used at 40 nations in the world now. In this paper, while describing the principle, history and
present state, and problems of rainmaking, the leading-edge trend of the planned weather modification research

is introduced.
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T7uaYVO—EIEE B &% (Cloud Condensa-
tion Nuclei: CCN) & % W idKis#% (Ice-forming Nu-
clei: IN) & UTfERL, BRT ((UNeAR (Fh)
EOkRL OKEY) ZAERT 2. WREHEIC L 0 ZRH
DL & % IR CARE S EEIRMREICET 2
&, T7uYNVEKE L TKERLESR U ER TR
3% . CCN $rohn & i BRI, EREIZ
INEL 2D, ZOAHD=ZALIZEY, =7 aYIVIFED
REEE (27 vy v oE—EHEEDE ; Twomey 1974)
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R 5 Albrecht 1989) DZEF#EL TKRMEY A T A
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K& A X7 b RFOWREELERH S L, BA TS
WThbid L5127 ->T&7% (Rosenfeld et al. 2008;
Rosenfeld 2000). Z®d L 512, CCN+IN & L <
I7a Y VHREOHYERESE 2 RE L, EOBEFHE
EDFH - B - FRASIEREELFL, K 22V F—1E
BICOREREELRIZTLHZ ORG (F - Bk P#H
75 100 FHEOKUFREE FHIC E TERELEE 2 H7- L
TWBZEBRRELIMONE XSk olz. AAREDT
7a Y VBERLURWTE - BK, W TIEHZ DRK
HOSBEEENCEERRIZT IR, =7V ENL
72 IEERIRRUEE LR T LN,

—7, CCN®RIN LT z7aYyVviERWTE
M EE « BEARICEF %25 2 2 BERRSRNE A TR
MEebIh s, ALENUFEEEEE S 2 < oMhx
D, T7uYVORERIRME (7 a Yy vk 23R
MR RWENR) L@ EREE Y. &L,
CO, 12 L 2HhEkER (L ZIHIL LS 46420y
=7V v (BERWKERZ) Biin e z2B 0w
3. BRNSRSRNE L HEERNSRREZ 04 D@D
E R ESZ L9 EBERWICZ T 0V EER
AT S, HD5VIFALERE T a5 s 3415
TOSHBICE - BKRKICEFAR L2 20DENT, KEM
WIRFEICEHSRZIW O F->TE Y, ERKRKREEE &
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REERH (WMO) TREFRAEMSE v 7 7 A0 DK,
RUWEWTET, B - FEERIN KRB —f# I
WoTn5b.

HADEICA VLR (AgD) PR IA 74 A EDY
BEEFOWTEOASHEELZLI L2y —T 4 >~
7 (BEE) LY, ¥y—FT 4 Y ZICE D BEHRDENS
WeEEHEO¥ L% [ATREN] - TATHES] - [k
K| mr ey, [ATHEN] & TATHES] s8R
BHICIEFALT 0T, i ESEE <, FREI T T
WekoTR->TL 2568% [ ATREN] MO, @iy
FTREDEFEFEPHEDOETHE-TL 256% [N 1K
E| LIFATWVWS . bo EIAFRICE - & - BKE AN
WEZ IR [[RWE] 7203 [RRFHAH] LEA
TWw5.

[ATLRER] LI FEI, Suesieiio X 5 2
FHARLO 72 Wb D, WA FEEWVIHIREZR>TW3
FHbwsrhrdb ik, RECE, HRYES ENZ
WrELekdie, NLEMIE, TOBEOmIORD,
Bfe U CIERIEMTRDO LW HE b B L. arftic
o Th, BIZMA»o TRKIEEELAALIZY, TEKEFT
L5 R L CERZRIBML TN EES Y 2 AD RS
iz, LU, 52 XA RHNER, KEOY = 427V
IV N) w2 HDT IS a7l () —~VEZE
) £ ZDO—IRIC & > TREAIRILIC B D < ALRERIDT
e E® 54 (Vonnegut 1947; Langmuir 1961), ¥R¥E
WEST5.

AfETix, FIRAKHREOLEN %5 LR O E %
BT 2D A 2 IS 5. RICALRERNOFR
SERFERRE & LS R RIS, AT RENBFZEOB
REBNT 2. &R, E - BAROANTHAH O R
Y5,

2. [IRWEZEDDHEM

BkDHZ OZAL, FREFIREEML L, ZTEC
YOI ECOMEE R 5. HABEBHNICH 2 F 2
Lo TEMNSRBEDOLBEERFHZ THD. KREDE
DE D &N R R S ¥, HEAAE - BRFEENICR X
BRERZRIZT (1), —F, IHEHBCHEIED 25
X, HEZKERERD, BRSOV ET AT ED
Mashsg . B, BE#AD X S 2 AOERE Tl
R AREOREIZH Y, BEDE L E2HN5] S
WTEZ L, TQCIBKRES LS. HEATIE, Th
ETBELE 10 FIC 1 EOEG TRHEE L EKNFEL
LT&7. 194 FE02ERN2EAKEZIEL WL A
bEwZreBEbhs (M2). BiIEO/NSH Db E
W5E, HEDE I THEFED & 5 @K FEEL T
% . W 20 R OBAKOFAERE R BRI RS &
AODEHRL T 2 EHECVUEMS THEFEL Twb 2

X1 AAESZROFHITMOES (HAKSSmedbiEEa
TR DA RHR L)

Fig.1: Photo taken in Toukamachi city in the heavy
snowfall winter of 1981.

X2 : 1994 FHDOWEKEFDRARSY 2 D aGe FIRIIS A8
EE R M)

Fig. 2 : Photo of Yagisawa Dam during the drought period
in the summer of 1994.
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WY EREAT 2EMAOHHFEREE > T 5 EH 2
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AREFREHE & WS HTIE, RITFHROKBESE LT
EAREFRORFAER b AL ks cBbhs. Ly
L, ZRICHRFEND 5. HFH LK R ICRNT,
AR EAEZEFRZE S hIXR SR w». FREH D
B VEARBR 2 N THNCHAT L T, KREFRDLE MG
=Mz lid, HROZOELZ TEELRT —~ ko
TWw3s,

3. AILEMZRIELTLDEN

i % b e KRETIA o e RIEERILICE S AT
BERN I, BIAE E CIcHFRAREEE (WMO) ik sh
TWABEPTTHH A0 »pEIC B WT, H4E 100 4L Eo
Fuy 7 PZEBY RRETWS (K3). Hiz 30 »
ERDPALRNICEWELERLTWS . KEIZRS
Th, WS - FEHOM % e 010 4o A TRER -
E7OY 27 PP FEESNTWS . TERY A ETIR
ER7oYzz b LT ATRERERICEHA TE 2.
L, EE7uy 2 b OREZHEFENETEIC X
2HDT, Ry —T 4 > 7 HAOBRFEL R ORI
DV TORMFERRIAST 52 F FE I LTV 5.
WMO TIE ALK - BERITOEBELEL DD
BERRR B ISR D FE R % R T3 (Rf_E 2003) .

HARENTS, 1947 FIcJuNES, JUNKY:, f£H
KEOWH T L OZERELS NI A4 74 A=/ T 5 A
TRWNERBSIZUD TfTbhiz. 0%, 1951 £ 5
1965 FEEHE T, BHEH R ENAR Y —L iz ) 4H
DRERLRFEF DS, Agl R I7A4 714 A%H
Wiz NTREREBRBE#TCfTbhiz. LirL, KIFE
2o KIFEBANDBATE VI BHEBOELICEAH
W KIZ R 572, 1965 ELARE 1%, AR, MR, &
JIER, W2 & TR & 2 iEkoE & 72, Hi B3
BEEO Agl FIMEE, M2iEn» S K74 7 4 A%
B PHOKEE % AW T ATRNERZE/L T 2203,

K3 [BEUEZEBL CWEEL. ATHEWNE (F), &
BEl OR), ALIENE & EEIH () .

Fig. 3 . Nations where weather modification programs are
conducted. Precipitation augmentation (blue), hail suppres-
sion (red) and both of precipitation augmentation and hail
suppression (green).
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XL IDERTHZENTEL. —DREBEBLWLRD XA
ZALEHENE DT, BOKES0°CLD gD
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K OK) ZEDE,PSSE - BEVKEL, I LHIOSE
WET ISR TR ER S .

RLEHFIZZT7 0 Y Nig & ORI % & £ 7 nZER Lk
AT 075 520 o WKL T 2 YE G
) X, MECHERET 28HMEETEB L Z
400% EHEZ 50 ERH 5. LrL, EBIZIE, Bhrn
WEBKT 2 ETIE, 2250 LA LB RIC L 0K
BT 2 & & B ICHIHREL FA L, HRE 100%
7% E CCN ELTEI =7 a Vo g KEKH
B U CHEZRR um BRE O (Bh) 24T 5.
BRI OERED 40 gm X D /NS WEBEICIZER M OHE
F (mHREEEER) PO TS L, RIS 1
FoTWwo<X D EET S, 2L T, 20240 um
REONMOFORS SRS L, BEFLENS/NE R
Tohr 21EZE - IR L CABICKS AMMICEET 5. &
25D, lem® HB72 0 1000 H %82 2 & 5 RERED
ERP O KEEDE (RAQBEREORERZ T
E) ¢k, EA—EOBRHS/NE T E T 40 yum BED
MO THET 2 OWIFF KRR L2 Y, Faphd
1 FFAREEOEL S IIMBBED I w, —F, 1cm® Y
720 100 LA OARIEE O ER 2 & 5% 2 D ET
&, FERFENCRERD B E 2 Z BN T WS .

Eh O AAEENE X EIRE LcEHL, FEST
o7 a YV OREESAG « ALFHE « ERROKE X
W HIRET 20, —RANICIZ 1 BT T, 2% %2
52 EEMmTH S, AKBEIME 1 %L TCCN £ LT
HHEAT 2DIREZR0~7T0nm U EOZ 7YV Th
L. z7a ViR FERICE>ToA b v (0,01
~0.1gm), K& (0.1~1.0 gm), EK# (1.0~10.0
um), BEERE 10.0m L) WHET L ENT
E 20, BROKETEIREE « =4 7 Vo o LS
n, BERED 51X 20~30 um OKER A, EE KDL
51340 ym Z 8 2 2 WO F N ERR I AR SN 3.
7YV E U CIIBBER T, HREN T, A
7ayiv, ERT, HB0IEFNS ONERRER T %
EMNCCN ELTH &EFEzonNTWwDS.
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Fig. 4 . Percentage of clouds that contain ice particles as a
function of cloud top temperature.

H, T72bb 0°CLLTTHEHS Uk (BR) &,
FIWEH LT OFRELUTKROMRT Okl 2REL T
W5, BRADEZFANDL L, M4 R TEo12, EHE
BEN—5°CL 5WETIE, BEOHIIKNT Ok %
NDERE L BRT) BFREL R, FICEEMEL &
DN TER IR F RS UEGoML , EERE
B=20CHLic % &, EOBL KK TE2EL LI TR
5. L2, ZNEEOFRETOKKTTEDONS Z
LEREWT 20T TIERY. —35°CRRTE Tk, @S
DERMBFAET 52 DR B0». & THIKEIZE
T 2D —40°CHIRTH 5 . KT 2 KRS X
KizxT sz D EWT®, NS RKEN AT
I3 LRI, #OKREZHOKEIC FIEEERS L T A
BREL, EhvEens. HEKENCLDEWE
B CROETRE- T 5.

BB B ERKEFE A A = X2, WEEK
ERYBEMIERICKE S HETE 2. WEKERCIE
KA SEEKK T2 AR T 2 EFELER L, T
Wi % & F 20 DI KD S KGR AT 2 BB BRI R
BFEZ 5N5. HiEE, KEKD O TMYEE £ 0wk
% A2 T 2 BB BHREIEIZ AL & [RIRR I &V am i &
FRHNZ TRBS LI & 72 5 . BRI, MHEE
1000%, Sim—65"CRRENLE EHES NS, HBHIZ
KB ETRET 258, 100 gum T—35°C, 10 gm
T—37.5C, 1um T—40.7°CL, fJ—45°CETICEA
AL ST 5. BAOKRSH TIIEAELEE
RS2 BHNC, BEBRSIEIERSE D, EHI1Z—40°CLA
TCTHMT 2. ft- T, WERIHEZPRIZIL TR S
. —7, BWEEREEIERE, BROKRSHTHHEL
EDEIPRERED L 9 % —40°CLL T CHgRHIR & 7% E
AREFEOBEONI TR IVEFS (K 11996 ; & &
2005). UL, —RIICIZEOERENINIZE TS
mw,%M@iﬁamﬁu,ﬁ%gff%t&aaém
TOEE TREBERSNS . ZhWBETEEIER TH
3. REHFICERNTE % L X 3KKLD S ARICR 2
1 DOER L7y, IKEEDERITIZ W D DIER

FEERERI o
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Fig. 5  Activation mechanisms of ice-forming nuclei
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FTHEERERY, KEEERTL2FHI 2T 55
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FT, ETAKEMEOYERKEKLRD SARFENER S N
3 EEEEE LTS, RIS OYE DR
ELUEEAREEEGSES.

(3) A% o AR ZE U CHs & ¥ 2 IR R
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(4) W%@Fﬁ'ﬁ?%%#mﬁﬁﬁﬁfwﬁﬁtb
T, H5HWVIFEFEE E U THEMEE L Wkl 7035
iof*EWkWDLin,%@%me@Tkio
TKMEHEGE ST 2EX 29 20T
IN & LTSRN EEZR L RS, RAF O

IN ZFEICRGKHF I _EHS 5 7z L3R T Ok 559

ThHs. NI7TIVT7O—FELIN ELTETH 2,

INEHEMDOIEC OWTHELEFE I 2WHE 2T 5. &

ZAH, ETRRE D R E W E TR OBORE MK
S, BANRTEIZL W ENSMLST VDS,

CCN & IN O#ERTERELZET 2 DX, WHDOEE
EOENTH L. FHOMBERN 2B X 508,
CCN B2 103 cm ™= TH 2 DIicxf LT, IN Hu
FiZ10 3 EHem ™ &6 7 DEVED L. ST 5
£, MHRPE 212 7> TH CON B o2 EAET 558
INBFHDYTH2. 200, —FINIC0.2% %22 %
& 9 KA RIREE X RE AT I B W B S BRE S 1,
EE,PSHIImOBCRONIBEETHSL. ZDIEN
DEFEBE TR ABEMER/NS REER>TWE. —
75, IN 13 CCN & e Tl Ic 7z 0, ok
SRR S IRFZE IR IR S FAE L, JKaESAIATEE b /KA
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Table 1 . Activation temperatures of various types of materials as ice nuclei.

% 7 4 TR ] (] LT
) afly (A) | ciili (A) | X726 <iEE (O

bt/

oK 4.52 7.36 0

3 7{ksR (AgD 4.58 7.49 —4 AN

3 v{tsr (Pbl2) 4.54 6.86 —6 P o2l
EIXY|

77774 (vaterite) 4.12 8.56 —7

A4 Y+ 4 b (kaolinite) 5.16 7.38 —9

KK (volcanic ash) —13
B

T A MAT7 T (testosterone) 14.73 11.01 -2

a2V A7 11—V (choresterol) 14.0 37.8 -2

A7 )VT R (metaaldehyde) -5

N7 797 (bacterium) —2.6 WY DIz DL N F )T

T 30%DKMBEIFIE) bFHTIE RV, LiHn->T, A
TEK - ATKEECE 2y =T 4 v 72T 2E - B

KY AT ADEEZBREDHTBRKE VOB KR TDH
5.
4.2 ERHNKEKNEDGE

ANTREN ORI 2% 2 HiX, R/INEO AN TR
£ > THROEN R OBENREKEGEN 2 IR ABRICT] & H
TILWHD. BEEQEMAL TEL R E THES
¥, BHET 2EKRERIEMSE 2 ICIEERL T /¥ —
BB ET LI 0BFEN L LTI R, BELRLTD
NTw3 ATRNIE, ¥—7 4 Y72 & 2EOWNERGE
OEAEFIHT S bDTHS . %+ E - BAOERAHN
EDFHED, BOPONERTLWED A D =X L EHHRIC
L7zbDRFEZ6N TS,

BE WIS 3 2 BRI F > — T 14 ¥ 7 ICiE="D
DR B Y, BT 2 B FORE b ThZ i
5. 1) 10 uym £ D AE RREER T (BEKXK
BEAR LT, BRI 40 ym BLEDOKER (WD)
BERLNNYy 77T R 7a Y vip oLl 3R
D/NS BRI LNHEOEREZRD S, 2) 1~10
um ORIEMERT (ERE) 28A L, £k T 2 Ehih
BE’OA R RRERANCIRT 2 Z Lk > T, EOERFE
T offEptEeEE e fEEL, WEOEKRE2RED S, 3)
0.1~1.0 gm OWREHERLF (KIZ) Z#AAL, Ny 7
7oy R 7ay s OERARZIGIL, KIRE
TRIBZEOER AR L, ERFELTOEHEHERE L
L, WHOERZRED 22 LICXD, R I3
WCEET 2 RENEZENS LT 2bDTHS.
WiZetk 2 V72 EBIH E 0 5 O¥EK « PRkOEARIX 1)
DEVHEHBENRHFREEESZDIENTEL . LRBAD
B (AB0 hEOMZERRRER - BRI ARTBIR OB
POERED D WIE KL, BEAEBGELVELETDH
0, IFEEF CHERASBIFES Mo, UL, &
AT, Wl 2 ki 2 B s, bl X

S RENTIRTE 5 X510k, ZOSBOWREHIE
FATb b X 512785 T&7% (Mather et al. 1994;
Rosenfeld et al. 2010). —21i%, NaClZzF®H I 7o~
A REDE LD DEMZEE» ST 2171
N F =ik, b —DRFEEO & 5 cBLFI O FIc ik
wHEE (NaCl #7213 CaCl,) ZEAS Y, BB X

DEAL TS TCI 7 urbhbrvizy 7 7urdA
RRAL T 2 KT (FVTHE) BEEIRLTHLS.
Z OBICEE VRIS U CiE, EEIER P E O 3
WVE—BEFEATEHELD L. Hlz21E, #AN—F—T
SHMEBEO TELHE LY, NV a7y —DEVHTTF
BSICELZET HETHS (K6).

W2 ONIER LT, @eHIOZ I AN TSRS % %
BV HENEAIN, ZOHENRA—FEHVSN
Twa. ZhiCiE, 228% —40°CU e LT, B
BHEHRIRIRIC L 0 AES» o HEOKS 2 AL S ¥ 558
WikE, NTOKEMZEAR L OKSFRE 2 RESE 2
Enbs (M7).

NIV RN ZMEIL R 74 74 AT, FiE
ZAFEFICIE, TORMREIZ-100°CE T2 % Z
EBHIENTWSE, 1gDRNITAT7A A0S 102 & »

x
N =
W ,gf/;wz \\: _— fi
*0 | ¥
\ ¢ e / E{*(
SR =
A - &
/O HAZ DR 2%
HFAHEAYFAEDK 2
HRERD KSR
5.
m
E )
&
I
%

X6 BEPVEICKT 5y —F 4 > 78k, (K. 2009)
Fig. 6 - Cloud seeding method for warm clouds
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Fig.7 . Cloud seeding method for cold clouds
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DFRERES TH S I L &, KimERT BEDHHE
DOEETIED H & N 5 35Ot CHR 2 s H O iR 7%
DR THRIEBIEN S L WS HEET, Hi Lo #fmLZ%E
PR F —B e G HIZEOHEEICHFEH S 2 &
N 5H, BHEEZHNE Ue A TR B T lx iR
HIZaERAUA TS N T W, BT 2 DO FEExE
N OBIINT Y —T 4 Y WGHAT 256 L B
NN, MRET ZEONEICTE %721 EHHE T A H
Flicy—T 4 Y 78R E2PNEDIOE L L0 AT,
¥ — T 4 v T EBROFEZEMD 1 RICHNT 72 5 Wik R
V=T 4 X DET LaH ookl Fsd S i
MW2RICNZI D NI ATAAY =T 4 ¥ T DFIBEE
HTHLZIEDRHEEY I a2v—yaryThbRENTY
% . B LTI IR IR IR IR B & 0 iR Ic b T %
7z, I PRLZEROKEAIFIARZE D & Kb & R T
iz, —BIZKEDOY—T 4 ¥ IWE RN T

b 1g 70 108 HOKEELERTERVEENL W T
CCHEERET L.

AT E LTCE S oS, BAETHRDIA
CHOWOENTWEDIFAGI THB. Agl 27 & b VI
W L CRBESAL L T, B 30~100 nm DKL F & ¥
EExEbE, 1gd Agl 5 101°~10 D N TIKEA%E
BRAETBIENTE S, ZOMICKTHEE WS TIEK
D &5 CBbH L ETH OMAGDE DI Agl A
IWTRREE - SALZ ¥ 2 /iEb H 5. KGRI IImzERIc
D7D, RN ST LD, . a7y M
PHEOTITEF250bH 5. Agl DX 5 HEEIEEY
»57k% % IN Offifmihg ETFEH) 3, KOMEE L £
CHEPL TR ZEPMoNTWS, ITFIF Agl 7 &

b BB ORI TR EES L, Agl D7 & b+ v
BT BRFEEZE ESER20 TR, =70 Y )VEL
TFOKFHEEE L VKO TR DT IN gEx M\ L
EED, CCN LB d{dspz7ay L
B ICBE R -2 2 X5 I ARz s Tw 5.
BAETIE, MBEIC X D ER SN 5 Agl BT D12
1% Agl,Cl,_y * yNaCl L 25> TV B3 DB—RITH 5.
22T, x=0.7~0.8, y=0.5~4FEDMHE & x> T
3. NIKEK E LT Agl ®iE» iz 2 71688 (Pbl,)
PRITNTERELIEREEL Aoz 2L
HLPHEERFEHSN TR,

Ro4 74 A0EEF, — 2°CULT TIlRRE I SR
W 1g %720 108 HOKEEZFET 2D L T, Agl
BTHIN E LTS BOEDE~— 4°Chro T, BE
REEDFR DR ETH 2. HiZ Agl 13 E» s 7
YN BB RRBES T, AR 2ENICEATE
LEVWIFRENHS. COFREETy=vT7aX b
WM T & WD HTEBFERTREATL Y —T 4
YIME L L TC—H/BILS LT WS (fEH 1988 ;
K 2002) . #i B2 oD Agl HEO HETEEL2ET S
Z&iX, Agl # IN & L AN < —10°CAF O EH
BUCHERICE D AL 2 L TH B . KREMPHRRIC
YIRTET 208, #ibEp o0 Agl FELBEM & 7% D
FFEEIAD ILHEMRRGHEBCRE I NS . ZO5M% 5
Te 8 WBE I, Mg E /e Agl 7 & b VW
DFIEFEDLKTIFEICEL D Agl vy —T 4 7 bHwo
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BERHEERERE 7213y — X > D%, (Dennis 1980)
Table 2 © Number of experiments units and seasons required to detect a 409§ rainfall
increase under a randomized single-area design

No. of units

Experiment No. of units Seasons
per season
SCUD (Eastern U.S.) 178 19 9
Grossversuch IITA (Swiss hail experiment) 390 15 26
Arizona I 460 22 21
East central Illinois (summer showers) 770 38 20

“Based on data from Neyman and Scott (1967a).
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Fig.8 . Treatment of Agl particles in NHM implemented with a double moment cloud microphysics parameterization. Agl
particles activated through deposition nucleation (upper left), condensation freezing nucleation (middle left), contact freezing

(lower left), immersion freezing (upper right), non-activated Agl
water (lower right).
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Fig. 9 : 2DC images of ice particles in seeding curtain, 6, 11
and 26 min. after dry-ice pellet seeding.
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Fig. 10 : Ice particle concentrations in seeding curtains
(red) and their surroundings (blue) obtained from 2DC
images as a function of distance from the divide.
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Fig. 11 . Radar reflectivities in seeding curtains (red) and
their surroundings (blue) calculated from 2DC images as a
function of distance from the divide.
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Fig. 12 . Increases in cumulative surface precipitation due
to dry-ice seeding through a whole winter season.
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Fig. 13 : Effects of dry-ice seeding through a whole winter
season on the water storage of Yagisawa Dam.
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Fig. 14 . Changes in cloud droplet size distribution near
cloud base due to hygroscopic flare seeding.
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Fig. 15 : Comparisons of the first, second, and third quartiles of the seeded (blue) vs the control (red) group of storms. Note
that the seeded storms peak later and at higher rain masses than their unseeded counterparts.
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Fig. 16 : Changes in initial cloud droplet size distributions due to NaCl micro-powder seeding (left) and hygroscopic flare
seeding (right). Droplets size distributions formed on background aerosol (gray), background aerosols + low (red), moderate

(blue), high (green) concentrations of seeding aerosols.
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Fig. 17  Cloud droplet size distributions with (left) and without (right) hygroscopic flare seeding effects observed by an

instrumented aircraft just above cloud base.
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Fig. 18 . Effects of NaCl micro-powder (left) and hygroscopic flare (right) seeding on cumulative surface precipitation.
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Fig. 19  Relation between changes in cumulative surface
precipitation and cloud droplet number concentration due
to hygroscopic seeding.

&> THBORER (NHOH) NERINTS, &
KBIRD Y 4 2 > 713 F £ > THMBM EREKEICIED X
DREE Y, BREBGRE 2D L TafrIc ERREE
K& LIt K E DI D %035 2 L 2E
BRLTWE LI THS.



o

§. £&&

S, HERKREMCHFEORNES - PRPEL DR
WRRVEHKT 2 2 BRI T L0, KON
THfNE, HAROIFEEREED & 5 1020 Lz
ETIIRA 0%EE DS N RAD 2 KT 2 BT ¢
b5, KEBRYA 7 VEDLUIRIFHHL CAEBZ DR
EEZT2, ATHRNCRESI 2 BRNKRUZE I
THWGRIE, T ETEEESME T O LEbhS . i
TN AR R MES LM T 2 2 L idfEW R L, %
D &L D RER NOEMKXEDOLEMENF & 5 2 L IXHE
W,

ANTHER « BEENMTH T2 EPHIR DS < 1318
s AT REEZZ TuT, [—HTbH% < DMK
v bWwSFE2 FTNREEEDTHB Y, FEEIT
FECED S EAMBAF Ak F FHEL L TES N
TWLOREEFETHS (K E2003). —FH, HEAZE&D
W7 7 O L7z E2 i T, Bk 2
=m0 b DT, 1EUEICh > TkET 2 2 ik
HmCTHD. LipL, 12EZ23~6 7 HDBAKTHHEIZ
BERT, WABERZERTE 20uh L DBWIRYIETH
5. ZOXIRRNWTF T, 4 L) —TEVRA Vb
B NTREN - BEEMIER SN0, LD RELE
MILIE L 72 5 T K 5. WH7KRR R A E IS BN D HfE
DTz, NTREN « [ & RN - RO
KFHFEEDOM L ZDOFANBETHS I EFVD F
THRW,

KEOEHETH IR L 510, BHY - EEHHKRSR
WEC BT 2981, Z ORGSR &3 2 Y
Hoiu@tknr e, REAROEZLERICH 2. BEXWY
[RREIFEEHILRRRE 2 HfFE T 2 T, #EX
T VDEERERET I ENHES . —F, FEEHYR
RUEIARZEEOEFHZEL T, ERNKREE
(=T 4 Y I5R) b RERFELE 2 ZHREMEDL
b5 . FEMPULKRUEZNEZIRO L7 10V HBH S
THIOT DS BICE - BAEZERAT 2 bDOT, — KNI
HAREEDaY M7 A M bFL ZOERENE S 2124
WZERS N, AANZTOY VN 77T N
7 a Yk QEJNNIRAR LT, =7 a Y VORERR
OYIEFE DI Z O EFHHNH# L. —7F, B
HERUETIE NNy 77Ty R 7a Yy )Lk i3k
2D B 2 ERL T (CCN REDOE W « IN BEDE W)
ZHEAL, ERMICE - BKEERAL TW50DT, =7
v Vv ORISR ICEE T 2 RO ICER TH
%. NLEEMIgE (BRARREEN) CB&EL T,
A (RIERIFEE 728) THEALZIITIES (2014),
AF (2014), A (2014), HFLIE2 (2014) OHIFER
BBEOLNTHWEZERRTHSNS L5112, BRIV
RWETE L IEE MR R WL 13 58 BRI H

2

3

e 309

D, G, BRI ORI FEHEAEZ B S 7201
b, MEBLREGNCHED L Z e kvond.

SE X

Albrecht, B. A., 1989: Aerosols, cloud microphysics, and
fractional cloudiness. Science, 245, 1227-1230.

Dennis, A. S., 1980: Weather modification by cloud seeding.
International Geophysics Series, 24, Academic Press,
267pp.

fAHEMEE, 1988 ! MARLE —#H L WA RGO 5%k —,
SR — b, 1645, HERKRY S, 213pp.

WAL (2014) BIBEE EEMYE T 7V Oks. KR
Bl 72.

Kuba, N. and M. Murakami, 2010: Effect of hygroscopic
seeding on warm rain clouds - numerical study using a
hybrid cloud microphysical model. Atmos. Chem. Phys.,
10, 3335-3351.

Kuba N. and M. Murakami, 2012: Effect of hygroscopic
seeding on warm rain clouds- -Numerical study using a
hybrid cloud microphysical model-. Proceedings of the
16th International Conference on Clouds and Precipita-
tion, Leipzig, Germany.

AFFGERFE (2014) NA 7V v FEMYEE 7 VORK. K
R, 72.

Langmuir, I.; 1961: Cloud Seeding by Means of Dry Ice,
Silver Iodide, and Sodium Chloride. Trvansactions of the
New York Academy of Sciences, Vol.l4, pp.40-44,
November 1951. Reprinted in The Collected Works of
Irving Langmuir, Vol.10, pp.189-196, 1961.

Mather, G. K., and D. Terblanche, 1994: Initial results from
cloud seeding experiments using hygroscopic flares.
Sixth WMO Scientific Conf. on Weather Modification,
Paestum, Italy, WMO, 687-690.

Mather, G. K., D. E Terblanche, F. E Steffens, and L. Flet-
cher, 1997: Results of the South African cloud-seeding
experiments using hygroscopic flares. J. Appl. Meteor.,
36, 1433-1447.

N EIERE, 1998, ZH 43 T|ERK, FIBEORRYE, W

=k,
F_EIERE, 2002, ATSRSKRHAE, ¥—V— FQROHM, H
HERE.

Murakami, M., N. Orikasa, M. Hoshimoto, K. Kusunoki,
H. Kosuge and H. Ikeda, 2003: Present state of Japanese
research on orographic snow cloud modification for
water resources augmentation. Preprint of the 8Sth
WMO Scientific Conference on Weather Modification.

K _EIERE, 2003 @ 55 8 [l WMO SRk & e B3 2 Bl i
HEsRE X5, 50, 715-720. K _EIEME, 2005 : %5 14
BHE BrEAKoWHY, [IEXNY Ty (B3
I

A EIERE, 2009 @ NTTRERN « 5 IC & 2 K E BRI D
EWNEhF, K e (4 —24%), No.d, 90-95.

FEIERE, 2011 @ REFEAIRBAEEEE: B ERE MR 5T
BN D 72 DO NTRER - B B 2 MErmtse]
RRRHMR Rt , 251.



310 KL

M EIERE, 2012, NLREEW, BEE, L% L 8E, Vol.eo,
No.6, 242-245.

Rosenfeld, D., 2000: Suppression of rain and snow by urban
and industrial air pollution, Science, 287, 1793-1796, doi:
10.1126/science.287.5459.1793.

Rosenfeld, D., et al., 2008: Flood or drought: How do
aerosols affect precipitation?, Science, 321, 1309-1313,
doi:10.1126/science.1160606.

Rosenfeld, D., D. Axisa, W. L. Woodley, R. Lahav, 2010: A
Quest for Effective Hygroscopic Cloud Seeding. J. Appl.

IR

Meteor. Climatol., 49, 1548-1562.

R, 10wt & EER (2014) JAfie =7 oY Vg
DER - KELEE. RIERY, 72.

Twomey, W., 1974: Pollution and the planetary albedo.
Atmos. Envivon., 8, 1251-1256.

Vonnegut, B., 1947: The Nucleation of Ice Formation by
Silver lodide., J. Applied Physics, 18, 593-595.

IWFet, A RIERE, HEHW, BAREL (2014) 5
A MRLFDOERL « KEFEEZ ]S FHHEMER v 7
AET VOIS, KERE, 72.



