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0T, W2 W2 6.9% (IR RSB TFaT W) (097 e a3g (e
WEFIRFGIHT TAT (VY A9 SUAPIAT 9INPT 72 (NL-[fFFT afefg=n
ST NITNT TANGT TNT FIOG-SICATHA 2 TN WIS FH G
INDISICAG JHCARFTTO (IFTRCF ; CAIPEEX ) NN A0 Grorg CFg HNIHl ©F
IER

(-SRI 3 MBS I AT (FIR0FH) (OfF FA1 AARA 92
WA O fofs F@ T IR IRoAS IN-FE-(om 7 [fomger =g |
fFolre  IW Izl (WEF ARG g8 I agre wRrex [fed
W2 NGRS WS =T | FIROAF (AN (VG G AR NIRRT
HATFOR T RIS AITFT FNOR AT AFFTe WANS (AF
BHNFS TR | (NI CHIOT 32 BT CHIOT 1K fOfS a2 P SIS 119
A2 A FNBAE A B(F, O CAIPEEX & AN B ZCACR | FIRCAH (AIATNI
76 SN STy R ) S - (-39 NAFwe smrf&Fser g3 sfoiRkm
432 ¥) SICATCE- (WY FNAFTR IR 519+, 932 Srifos FoE 5o Y& 1=K

FA I I G AHI6 (IRNNF oG CofF FT (Kulkarni et all, 2012) |
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FIZTHNF (CAIPEEX) STTITNF ISR orfree i w1 09092
PRI 2009 ST ©F AR A3 AL BRI T o8 Faw |

AT HT:

(NEF NEAHIFOE  NAMNS, (TN IAAT FNET WFE 69, FIOG
FACGNOH NI (CCN) I TNg ] AIIHNS AAMNS (=9 F1h
TIY 200% ST AN, ATRIRT, NINHI0, ([IHF I3 ST (@ 9F [T
AT T AR | RO 7S (O (NIF NIRRT NS, ITAT TN
WHIE IO, PIOG FATGNCTH [NEGFAH (CCN) 47 TNY ]2 AT HAMNS
FHTFY FA AR | (TAN SINNEH, WEST G328 IS NS 8 WO Tenfia
(Y FA AR GH0 JFTGTGT (G2) 2N T AR BIRA IS [N
ST | G2 AT B oRred (RO W AT FNT WHFE I0A, FIOG
FACGNCTI fVSFAST (CCN) I8 (VY Gad [V (IFEsf@ s 41 43
FIOG HIGS ARTEAN FAE TG B0 BATF B+ ofFe F41

fﬁ'ﬂ"’fﬂﬁ'ﬂ

CAIPEEX-43 @I HET SINT (2010-2011 SINTHI ), IH6 Aorg (I o 2oy
(M) G2 G0 MIFN [N TR TTARME (@ GO M IR FE
APRMES FAIFT FA A(IRAI CAIPEEX 2011 (S g0 SfBLATGT AMCH
WAGTATGHAET FITHNRA (IGOC) AT 2R, MW APHTIG LS q7 WIS
At (lee side) ARGATNT AMCHOIENINEIT q93 NRCHIBIGBIA PR
fITIENT I A6 TNFS AT ©N (AF (NI B 6 FT 2R |

TOIY i

CAIPEEX-G9 T@IT 21ty 31 fofes 2014-99 (W NI &F (AR, g3 IPAR©
(airborne) YIS 92 ILTBFF 2014 SIATY VP (AR | TOT LT AT (ATH
AN Q1T 49 01 IRRIRS 2 H 1 IR | AN 2 [RR[vyreaca arser
P (AF B fOfgd FHATFT F41 0| Tory Fafe [ sro @
FUTHT0 ST 32 IRBATTST TN ATNHS FCACZ | 2015 AN, (FIANI (AF
AN 7 TfFT A AR G0 (GoIeE WB(Ed W ((FETF,
TRRAMCTHE G2 CEIHTI] NCHT) 2015 A G2 WA (WG 75 014 Gy Bl
AR | FIOG NIR(GPIFOF, SAT, FNEFE FIRN, TN G93 GHG-IF a2
FTFIR (N [T QR o RS o Mo #if e =3 T 2018-
2019-43 TS ATEATTNTATONR AT INN AIFIF ARFINR ARARFCS @Fgy|
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2018-19 SCETH 5RY AL FHTHFILTF WO T 77597 el IR |26
AFoF 32 IGTTF (W, (VW 32 IBA© TIPS AT O WA
FNITFY oM FAT| G2 AIFRE o SIS T 46 = (N A IA
TNYT WIZF ONS FAT A2 (VT NALFIPOPIE ARION (A(F I (B
32 (1Y & G UK (ISRNNF AN Vg FT|

g2 AHR FH RN, FIOG MG 2MIRA91 q38 AfRFALINNS Yo~
FA AR ARG AG[S FYA AR FAK G JF6 JEATCNCENBI
(randomization) Ngfo IR AN R LEIELIRI] (physical experiment) Wﬂ%
IR AT G 2ATH (NS A IO 933 mq@mﬁwa‘@—wsm
CAIPEEX-59 T (2018 g 2019) AIHIT (NI TACHTN (FNOG (I3) FIADTIN
(FRIZG (FUL AR JAAMHNF G IO AR | Ol AR (W
MTSTGNT AT GG FIADO AN AFGT® T (AR | NPT DA
2R, IANFS, FTHRM G35 AR [RNNITE AT (FH @fe (AT IFARS
T F AR | AR (T T WA V(NS T A= T AR 33
HIHTT IITS TFBAT AT TCNINCR SIS TN (A(F FIS (WA
JACF TN G2 BT (HIO1 1S ST WFEI f[TOIT (T | SR FNF
ISTANE ATNCHNT TIAS T A= FA AR G2 AATFHIB (AF G0 NS
Aforanat AfGF e Fa1 AR, T [RFELS 26 G THeq
IR https://www.tropmet.res.in/~lip/Publication/Technical-Reports/CAIPEEX-
Report-July2023.pdf|

ISNT WNAT FATS AT (T, IR Io IaN_a FECT TR S
AFfoFoIg TACR?

IS 9576 ot AfF (A= fS=I6 T2 Tag (6 7 Hf7wd~ =91 717
AFR RO THOTT (V9 ACFH | GG sTo~org, [tz AR (N Ir[ze
JEIFACT T THIIE AT 2| (NS (I NRg S FAE G0 10 ZA-fofaF
AOR IIF FA T 3¢ IS &g TR G JH0 Ze-fofed JRNIE
(FBSTF JITF FAT (IO AN | AOF (VT ARGS9, I INAI 21T (WL G
O A 32 IBATET IR 0T ([T I G ACF G2 JENHNF S
STNO! IR WNF | O(F, AT IS ORI FIRACT (AR A1 O IqRIR®
HLTHNF S RBIRFCONI (NI NEBPRIFEE FE SGSTHIN FAT (0O AT
43¢ IS P 7T AR EF 20O 2 | IOV Noawfer (W9 oG 433
T INAL O} WYHFAT FACS AT | NGEAG AN S (IY FT (TS A
38 OIRANE FIOG G WLTAHI Gy BRI BT (0O A |
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FIOG 5fGs-9 SNAT JTATTICAT ((FONERTGN) A FHT (FN AgW
e

(N AFGFONI IRATS FAS STHA A2 (NH TN G Io FAT W, O
AFOF G2 T TR T IS WA F WS |

FIOG IS (NI WK 576 Gioet AT 276~ I 32 (M6 Rom w7z a1
T V| G23G0, AGTF A8 -GS (NI N AT AT NS [{eage
TR G, STHITS FTOG PG AIFISE JEATNE ©Od F41 =X Afod W,
IS IR TV BNYF (WY ¢ A T (SR s Ao N6~ 41
=, JH0 (FONRGE A& B fofS FR, 0F 7 (T (FHS [ N0l
(GUIRITFA™, SHT NAHTY) A6 FA 2T IO A INAT AOR(F DA
AFoF  ARIONNAORF SN QI FAT TFI AR FEp  BReesT
(a9 (TONRGG (AP [T Y|

(VI W *I[F TRAM I O FIRT XW IYN Gy I Ig® (T (NS
(FIONSIE I AT I IT FA I QI B0 Iz | SO NS 2198 *fes
APONTTF (N STOAFS AT FA| (NI KT F2LEAN AFE A (LD
S AN RO B G2 (NN @ / HABCAT M@ Ao F071 G
(CHH 51O (RIT - TG T A2 FUNES FLNS AT ST B ©f (VNP ATA[A
I gS FE ATS AT | WFAT IO (V0T AT FAW 32 A6 FRILT (0
(FIOISHE I-Mge FAE | A6 2T IRBATST TFNF TN FAI YT (B (L
CHIBT STZ (VN MY TN 41T AHFCS (M| ARONJ, AF o AfSH (7 =&, 43
SSNTOIF FIACT ORI WHIT AR 432 O3, FIOG MG AR
(TONROOHN (P*feT IR BT =

(I LA G I9RN VI (XRANFIHF/ g era~=)?

AN (TS AHE gw (72, Ao STfHal (T 474 938 JF6 (SN
IR 7 AT O ONF Ao IR | (NI & [{MACT AT O G A,
3¢ fFg (N9 W (I I9F O ANA| RS (V9 (@LF I9%) IS
INHT G BT | (T (FICAT AN A IATHNG G0 (N O el AT
(I | FIAT ARI, TSI TN (VT SRS OIHR 0T NSt OFF S1feq FIA0Y
YR & (turbulent) T, ¢ O (VT [NH B AN SHAIH B
S ©F, *M& I3 Gty Iy [RINST FE|

S T TG IR ANH T AU G SATAIN I FATO 2
WA fF 92 sifare faga sate snfar

SIS JH6 (N AfS IS I Gy 2-4 6 41 (GFIR) 7929 741 N 4
TN (IFBINBIR IR N FTF OIS G FN 02
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CNTYA WYy Wiofae G ITIZAD AOIASTAT DL D2

WFSRA@ ATV I INN (VI IATSIN FATS AN PN (NP FN ITNSTE
THNTH Gl I O19 FACS AN I¢ G0N SIS (VT FNT I Y (F6 (O
T TN (FIONSETT T3y ST 932 IFRBF CHIGT 519K Gy ASFa |

I O IO SAFATTF TRFS FAT Ir? IS WNAT (T G SAA

Rfox ICET =W IS SN AT D (TS AT G2 (VT NG G ORI
TANYSTO! NI FT (ICO AL |

AT FNSE SHERCIAT 1O 93 ©MWT IAACHFHAAG 93z FifS.a%
{FAFAN TN FI GRS FAT (IS AN (FNSfT FrONI (NI oIS 100%
G BN GFNILAN SToGFOIT RN (NI CFI6T (O FACS ) | (VCIF (P01
(ol TS AT FNSEFT IO NLIR G 42 RMNORFT 9Fgae| 92
FAMNEBE I FNT WHFR 432 IS 197 / WA T NET FA|
BN SCICIRG, MGIN (FRIRG, qI8 FIEATIN (FIRI200T GEs NI
(BB IRCATHIHNAD) MY JF06 NFOF AFLY MR IS FNRF o
APFOF FNF QAT B8 ATHOT AITHIR (BT JAZCATFHIHNAG ) ITeT NN FAT =
[ TXCG2 (NI (FIOT (O FAR| FNT WHAI AF0 ST SN I
FRY IG ATFIII FNSE ST GHNT JH0 IG D JeTBIE FIACYT TROG2 (NI
(FIGT (O FIR | ATYHF 39 (TN IC WFIF 43¢ FRAACHAAOI FICT 46
GG o BifS1.aw o TN @R (N8I WS FNE WHFE 48 NSV (&R
ST

Agl (PTeTOIE ATATTGIRE) (HAGSE PORTMOON HSTGHF SIS T7z®
Y (TN FNRE 795 NOFEHN FUN A Iy S| ASCEINS S Agl
(MG =0 A WS RATHINF Z(O I A TRAATHINE MG AfSHAE
R FIG FACO M, AT WO TB (NI SIBATO FIG FI (438 ITF
fRGFAS IS FIG FAS ANR) | 42 G FNSE TIZR T AT
I ITF MR AT GBI VO o AT WL IR 5153 TSR I IS
JET T FAT ZW (TN O A AR 432 IR A QE NRCFI P GBI
HAf AT *[ [Tl LT (o =) |

T TN TN (WY *INIG FATE GT (IAT 16T (RADAR) (FIR(6?

JF-IG IOIIT QAN AT G (FUSNACHN J7¢ FN F7 A FIACT (VT AG
I APCY - IO IIZE G A T 27| GRS (e [Ie
432 IRBATST AT VoS A TN TS FI FACO T5HN ST OoS | A2
IS IS IMAF 15 TN NET =T G2 A6 G FIW BIGN STNCAI N
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TGS T BH® 33 (NIBATH OIHT SR 0T ([T FACO (S, TN AF 00
101G (I ST (S BT AN

cafsretafAa f5ifGs & o8 g, o o3 W, ©IRta WINEr (&
NN 4f6 TII7 FF AN

IS ITNT L, (T {6 T Ko T I3 IGT (W1 5 (VT (AN 7=
(AT (TR A (cloud top) RN BF-47 [NTE ACF (47 WA (LI A -9
OIANET > 0°C) I3 QYN OF GeAd (PI6I AMH | ST (WAl AIINFe
RATNIS (TN (VOIS BATII OI N1l FRNCEF N6 A0F (@I7N&T < 0°C) d_8 AT
ITF 92 OFe Grel To2 AMF | HFTF A6 OIHNrary SARe O JAK FG
(super-cooled) e JCeT | M A0 FION TN AN FAG OICETT AT AT SI
46 FOTFOOIE FAF TP Gl S|

NRAGS 2N IR (T, VLT TEFILHE ARG (N BRI A (FTFE (QFF)
JMGTT (O | ST wors, RUTTe IRERT W1, IRATST GFT (T FEAF6
FIRYT BTG GINF AN FH| TS, [AFHFTO WO AT (VT (T (W)
G 32 S WA [[RON BT (NI AR | TH (W0H, (ASTGF G IS
A 41 2T V| ATF-IH G IH- 28] TN NOIF FeIZNA (VY 7565 Fdl
A PR IO N TF IS ITNST RGN 27| (VIR =St =7 973 Tpre
BUJ ITGT W I« LA A% IGAGA P ATEIeTe S| SRS, (s
OV RFF e (development stage) *=fies STATIRAY ©Je AR G 7 T
V| 1T (N, AMISTGINF G ITCFA o I FACS (M T, TR JOTSF
AR (GBS ITF (NOHINT FM) BN WS Moel ©Fel Gl Gl X7
O{, G39F NO® AT HHOIRE fNE AT BF FAF TN I WPIH ([T
TS 12 FRNMET B WOFN FAK SCY SN SI-7 56T ¥ 43¢ IR CHI6T (o7
BE (T BYATG OAES AINSTH BAYS AfAZOr® T60) | T A Y7 9% =7,
(TS oS TX I FYNE FYNE TR (virga B0 IRATS TN (NI N6
(ATF NG [F@ AT AT (RN W2 I g© 20 W), TofF FA0S AT IRD
3T AT AT (T | I AFIEI IACH OB (FI QI BN NG
MR 432 51 BT PO COfF FAI T WMOCS (NRII | ST G, RNHd B
AT PRI AP N ST OINAY QI QAP G| QFF AP G
G VN THANEY, 2TeTsivE o 929 F41 2T

G IR 2T (T (AT IR T, g IR 5w gored csigm = m a2

(Y IS FF [F@ AR L7 ©F 2877 IRI (Forsfe I-ge =07 I w1
WIGT® (& =

(Y IS I IS SfIL4T I 2
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G0 A4 I 2 (N9Sfe e I T G2 (T T @F 8T WS Ot
I A LT ANTHR BICSG 00 2R | RIS (V0T IS 3913 T IS
FNfET FNE BF (boundary layer) 0T IMI A2 ST [V X(I | oA,
TV FAR G I3 TN N FAT ATIGH | ANZAGE (NNL SARIN FICY
TR CHra AT INHI BT TN F OIeIF AFFS J32 TN 20O I 433
GOS8 ST o 2| T B (VY STIF (e [N I8 GN®
A, T RoCeF | AHIO STFIONI ATOEANT G (@ [Fg SToFel W5
FACS (@ I3 JIG ANFS ATEY ATGN | WRZSTRE NIFN A WS Ol
WREISTE A3 [ITV8 T ©fos, I NS G GlRIGHNF (S A
ATFTHE GARRS RN NRI9e GFtg SR 209 A |

wIAte TG I ((if3) AN AU ST CFtg WS SRy
PO AT (RS T II?

Y fFg o STFS NrIresT I0a0g 933 @) Fy Syufs =sy (A e
TR 0T RO X (T, IS RIS T ATWGN | @ CFeg ST e @
FONCHI WL OIAT ([RATT & STSATAT NN O 7T FACS (I |

OITO A AT (NS QNI G INHT CH T WS ATHAT CATO A

4f% 757 /AT (510 (T, G TN T, (372 ST I3 AT (VI F=NF BT JHT6
ATITT AT ]2 B-FofGF AR AFoe (N (IS WgoK [T7ga
fAT® “MF 1[G INHT ONLS (WY RN T4 G [OT 19 (W97 G
32 GRS 51foq PoN W) FAO JF0 IGe® (NN TIFE | JHH TN
2125 IBAMOT WY FARX T AF6 B ARTHF (FESTMHFAS AT IR
CAIPEEX (=TI, IRI ARTWNF Tvg A 25x25 IAIFIAMNOR JAPIT PASON
JHT0 ARIN1F 2@ (A

CHITAT TT I WCR?

(Y AT I A1 2T () 312 I, () IS I, (51) FI/ATY TN, GR2 (9)
RIS TN N1 AR ARIS ATIN | J&feT IR TARZSARF ARISN
RGN JF6 AGFT NIV F 7|

TN FAPN T FAE G0 (VT AT I 1S 31321 41 9 2
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TP FAMT BIBATS G IATH G J2 4T A BSOS GieTd (Fior IR
fFR0! FI(FIRFO! AR A W 2| FE T FIHNT FIN [EZACR T
N9S NIFN AR

I oy I Wl AT I

(Y G I SILET® 100 x 100 I5f TN G079 G516 RN 0T 41 (I0© AI|
(VNI ©TF G INN B (ATF SCH T A% -G IO NGaWI B Te AT
200 fRTAMNTIR GBI fNF I WIBN S LT FAT (I0O A |

(T T 394 5 930 I ger=T (016 R oo 33 Fate “mar =
af8 a6 IT I RS TF AL~ T2

IO G AT AN R 43¢ (VIR I 39 AFOATE IRBATSF N33
FACS (AT (57| [T THIE 1T BF© TR G IARY AfFTHFGA 432 (9
32 OHI i ARITEVSE @RI W, Ao AReaw (9 IRArers
I 3T RFeT WATA YALG~ FACO M| N LS (R (T, IS A6 (N
IR IR I 1 J2S JFW RS I I4N8 G0 NMIFNT (FF G2 A6
NS N1 A6 AFOF IS I=§ RIS AOF FIAY 432 FGTF IV
AFOP IBATOT (ATF ST BT AW A, I W JH6 BISTWROGHA NGo
WY A T, WMO RTINS Sepiiie RIS Sdsjed S~ (32
NITFIT T=TH 2N AT 77© =7

(PN 4T YING AT (AT WG I9F FAT (IO AT WA (FIN
JHATHT fRNA6F 419 (FN NARS WY F?

FIOG FSifB2 (T (FHS BINTS FAT (TS AF, B, AT IATCIIN (VT G g AFS
TR | WY [NHE Fg W2 JT] IANCI9T (VY AFE 98 G2 4N ZNasfe
TS (A2 BfFe FAe @ 9F FEAMOEIT @ ToleR (W S
AfFEATNG (convection) STY GAFS ANHFTS Z(J TN (NHF oo IRI A (X
T O Geid Afof[fEg FF|

(T IS IAHF 21T AOT SATAND SIS 07

IATNSE AfC TN (T (FES WNESA FNRfTT WOl GUG AH 4<e
f51% (FTOf&TIR (CYTN) WLITH (VL-ITGF SATANG SHSEY FT (0O A | A6
ARITI#I9T® WIBF TN [T FA|

FI0G F51fG: fF (@S ATFF fTom (GTF WS M
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(Y9 G IAHT FE WA WA OF6 IVATST 477 2187 91 F§ O F
WREISTT AT I A (R8T =T 1|

A T19=E N1 T T I g, ST oafe [

OO OHOT (AT G I, (T~ IR BT I NN A S (TN (T OeATHH
G I G TS (Fe =D 1 27

AT STHET 4 ATHCY (T, AG IATWT T (VAT WYATR o108
IR oIre 3o A 91 S wAfon

1 G IATD TN OAYS (NI ATIGH = ST (V2 S INND (90 N |

AT IANNT A OFO (5T6 IIIHT 5TY VIS AN 993 A9 T 9N
IR 43 AFIMS© IO A | 97 T D! TCO AA?

W126eF o RIS ©F At YA 00 2(F, 6 J4E1 1S I

G O OIS |

ATF-TH CITT (T h Iy 39 fF AfF=) cew FHremrgfR waw sate
ArTa?

AR 7o AT RYTLT ST AH-NIAH T4 (A7 (TN SWTHBA,
AT TR G2 WFN TFAT) OF, (& ARIRANNNS AW (N2 J72 2
fITafC M O GI=IE Gy SR8 SN ATIG |

OIATOd (I (TN G (NI 107 IV AIHT GTATT (IO ATA?
WM G2 [ g0 WBfEF [RONTT AT T (N9 (IR 932 O1nd

Y

AN (BT TS T ©YT (I | AT I (T51 (N < GIFINT NS T
ol

(T G T9F SAMI fF SNItrd AfR{EeTg Gy f[areme

IS TN W AFHIS o] STF® I ey Y7 S| (e Aoy
IR G TR AF6 G silver iodide (Agl) INAF O I7TS =T | 42 (916
T, e Hhw® =T 1 32 @ AR N9 =0 ©f IB©0F 8 I G
FoFd| TINT FNT O AT [T, I 17 10 AT HeTord NI2CR6 (@ AN
Mt LD FEI IO T0) VRIS I3 [HOT G G ST ST Sy |
Te Bhge 2OTR T RN =6 oS o e 1.6 99 (@FEF
TRILPIATY (9 ), AT (NHPN) SR NRPIATN AT ¥ 8 oy
NFNTYFS (0.2 WEHIA) VR, WG TN (SeTd GiF) G ors [ |
(R A IANHI T Ag 9 2-50 B9 I (TS 2T (T VH (AT 20
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WA LS @Y F9 TF) | ANV Agl NYF ©EF 54% AMH I3 A6
A& WAy “NeT Y |

Y S [TSa AT I AT (2 (T FIOG MG ARICR ATF FoF |
e A6 ST T 2V (T, FIOG MG FAT Z(A OIF ARG ASNI T
A1 TGO

T Fo7 I (F106 F51f6s)- a7 FrdFIfFer fF (@ e wg?

RIS (STHANTFF) (NI WK RAIRGTS WG IR (T8 reivs 5ifGe) R
4 OISR VA9 | IO 6 W, (2019) WFN TFACKZ AN ST A1=G
(CH FRREGTS A0 I JB(6 (70 33 TSN WIZEF O (M| NGwnd
J0 FA (NEF 0 AFOF GloE AT ST THF| A= (T TF
(windward side) H9%%] IIOITAT SN 0T (712 i WGe Sfosae (moisture
convergence) oI 48 C@Tﬁ"’ﬁ% TrAE SRl A | AN 4ranfG BG
HLSTHNT T *WIEAT NET SI2NETT BARS (N S Gl F (JAREFS
T Tel) TSRS B WS ITF [NOIFAT AISNI NN I J0°TS I
FA1 G2 A FICETT INNF, TN WSS AFANCF ACHLN FAE G IS
B, AFALLINNG ¢ TS NCGfere GAMN S FBfFS Fa| 42 AIHIT (=1
FIF0 WONYNF TF AT FATR, O IACHA [NOIHTTHI (¥ FCIHI0 Amfod
VYT [ARMF [RTIT 948 LI 0T (TR | NIINT WS 2ore (ST (W7 (T
OH® WA o INEIT WFW A6 O IITE A (@ A
CAPTSTGIF PGe -9 (O TN WEICN AN TS A (T, Agl FATFNG
SIS (WH WG I T WHICN (VY (A(F - IRBATSH =42 fofFe T4
Y|

SR FRAAHFIHF AT INAT (FIS NAGF (OIS AN (2, [eorge A= (W
T ARRER MY AR SfoRe NAFTE FRET RS R =1 4=
MOFHASID T (N NG IATHT S AF6F ARFISVNASIA (51T FIAF FN
(6 (O AN J32 AG INHI ARG NATG I Y IS | Ty, oy
IR AR A TSR e g1 IRATST TNy A2 | 2Ar™12 HIAFF
ST IF6 WYFY (OfF T 2T ATF ST *[yfeT ST 17 WLICH TSR FIACY
(Y BTG 20O A | G7 WK AR AGYS PR BN TG A4, AGTS A%
ISR (N Wy NAFH 4007 (79 91, A7 oIS CHLad ok, Wg, 7557
I A WG IAT AR | G2 MFRfA [ROITONRI TATF WG AIH
TN FA AR J92 OO FAFS ORI 972 (T ARTF 7=
R RICT
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O-fOfEF T INT FIG T2G@ 28T FIH PTG FIOG Hifde-4
fSTeTOR SITITOIRT (Agl) 2 ARTEM AT IZF FAT 0S| ATTR Be-fofeF
TR TMICIRG INRBE (N G I SAM [T RS AFod
O FIIFT T T4 AT IATHNI BAM ©f ¥ (AT NEFH F41 27, 94 Ao N7
IS FHT® (T (IO AMF 72 IRNGAT WIZEF BN O FE = B
RCT (TS I 43¢ 1B A W2BEAT TIZF G0 ST NS Z(O A | FICH
O GATT 2 (N YT S GATAN TS50 TN Y FT|

PTHISTNO (AATCI*INE) (NCI 107 I94F

N 56 538 @A (M AT FTOG PG ST FA1 =TT (FIO 46
e, 2019) | JROTS, RGN WRIST ARISNI TSR TGIRTR G ARSI
NSV LTS SNRIIANT SIS [T (T (ST TR | IS Iad O F16G
1% q7 SARWANS SR TF 948 F*oTol MR (OfF0.a0.8. [
SRS FF, 2018b: A2 ARIMI IS G 2 T-Fas 72 53 (2H-69)
HIFE RIS ARISAT FIAFINT T ARFTHFN 8 ) | TfFS.a%.8.
PG HIfGe ORI (TSRINF FLANG -7 BAT VAN P [{BIF© <0
(ATNT AN FE G732 A6 UFSTRFCIARM. -7 I$AN  ARIFNR
GIFFGANS 2010) JF0 [TV WCHferwn, 59, OIFo, IFTN (FOTE, A2,
TS ARE NN 72 MRFN TS SNITN FAEFN 5e0RI WMO o
ﬁfﬁ‘ﬁfﬂﬁ@?@ﬁ (2018), “toxicological, ecological, sociology, and legal issues, as
well as extra-area effects, need to be considered before any operational seeding
program’ | ( IfGr® JAFR A2F IVATSA T2 ASRS (FGT SR WAZR

)|

SIS ST (STAIANFF) (VT (ATF O GO AfGT SR ARSI WA BH)
32 AR (WY R TR Y 9% TR A9 I G oo =3I
STAMFF (AT (WMO 2018) (ATSTG~F BifGe NI o (sl SRy
AR | G2 NITNST AMNS VL-AHN NI TFATE (ATF W 78 JATSDS
STCIFN (AT (MU (T (ASTGF 1S AFONH (R W& IR
IS FACO AFNSAF GH0 AT MF AT FA© NI (F2e 96
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Parameter/“’@ﬁ% specification (at maximum gross weight)/ W
33 (s T 8Tw)

Minimum lowest operating 500-1000 ft AMSL

altitude

Minimum highest operating 25000 to 28000 ft AMSL with full load and full fuel

altitude (Note: The aircraft should be able to do the cloud top
seeding)

Sampling Speed 60-120 m/s

Ascent rate 400 - 500 ft /min

Endurance 4 -5 hours

Range 2000 km minimum

Special requirements Air inlets (isokinetic inlet and reverse flow inlet)

instrument racks

Instruments Certification for listed instrument inlets and related
modifications

Research power > 5kW at 28VDC
> 2kW at 220VAC 60Hz

> 1kW at 115VAC 60Hz

RN Srmif« 8 AREANR G JFMEF YNod ATION 2| Ao« [foq
PO (TUN DGCA, AAl, DRI, MHA, IO, AfSTHI WFH, WBfAF 473 FAIT
RINNITE O, FINIT W2 ATTNFIA 3D IR (ATH (NS =T

MACHIF (Glossary)

OITCATAST (Aerosol): Suspended particles in the atmosphere, composed of either
solid or liquid particles

iﬁrf@’:em (Aggregation): The process by which ice crystals stick together and
grow in size and mass
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IN-3N CHA CFPATF (Burn-in-place flare): Cloud seeding Flare that is fitted on the
wing of the aircraft and ignited with a short circuit.

(T Cier (Cloud droplet): Water drops having a size in the range of 2-50
micrometer and suspended in the air. An aggregation of cloud droplets forms the
cloud.

m PACONCHA*N ﬁ@'@?ﬂm (Cloud condensation nuclei (CCN)): Aerosol
particles that have an affinity for water vapour and can form cloud droplets under
supersaturated conditions

F1ou 5if6: FF (Cloud seeding Flare): Compressed cloud seeding material
which is burnt to produce smoke containing numerous CCN

(T OTH™*T (Cloud base): Height above the MSL where clouds start forming due
to condensation of water vapour in the atmosphere on the aerosol particles

(YA STeiFeT (Cloud depth): Difference between the cloud top and cloud base
heights

g?@'@fﬁf%: (Cloud seeding): The use of additional known and well-characterized
aerosols, other than those present in the atmosphere, that can form different-sized
cloud droplets with the intention to influence the process of raindrop formation

- aFfge (Collision-coalescence): Primary process, affected mainly by the
turbulent flow inside a cloud, through which warm rain formation occurs. The
seemingly chaotic movement of fine cloud droplets makes them collide and coalesce
to form bigger droplets. The large enough (having size >24 micrometres) cloud
droplets feel the force of gravity and fall through the cloud. During this fall, they collide
with other small droplets and become even larger in size finally leading to the
formation of raindrops

Wﬁ"{ﬁsf (Dendrites): Pristine ice particles in the cloud that grow on the ice
nucleating particles (CCN for ice formation) by depositing water vapour in the
atmosphere. These are formed in the region where the ambient temperature is
between -12 to -16°C

WIS A2 (Evaluation site): Region where cloud seeding evaluation is carried
out by checking the natural rainfall
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RTGILLAA CFHIF (Ejectable flare): Flares that are dropped from the aircraft's
fuselage into a growing cloud

NI RIsCIEES Earzh Ao Isw (Glaciogenic seeding): Introducing ice-forming

particles (CCN for ice formation) in the cold region of the clouds. This is usually carried
out at the top of the cloud having a sufficient liquid water content

C(IT9d 40T AfgTe 8™ (Glaciation of a cloud): The process of formation of
complete ice particles without any liquid water left over. This process forms ice clouds

ﬁﬁ]’-"?‘ﬂ (VY (Mixed-phase clouds): Clouds with the presence of both cloud water
and ice

ilitﬂm (Wﬁ?gh % AN (Hygroscopic seeding): Introducing cloud
seeding particles that could lead to the formation of water drops. These are usually

dispersed at the base of the cloud, but sometimes may as well be introduced inside
the cloud under certain conditions

H-M a'l%sn (H-M Process): Hallet-Mossop (H-M) process in clouds occurs in the
temperature range -3 to -10 °C where the spontaneous breakup of freezing liquid
drops and the resulting splintering leads to the production of many ice crystals. This is
a commonly observed process in the monsoon clouds

m@mﬁ?? BN (Ice nuclei particle (INP)): Ice-forming particles in the
atmosphere

AYLITNS ﬁgm’w (Numerical simulations): Mathematical equations describing
the atmospheric state, cloud development, and rain formation are solved with the help
of a computer. This numerical experiment may be used to study the impact of cloud
seeding over a region of interest

smrffaasre At (Physical experiment): The impact of cloud seeding is
checked physically with sophisticated instruments to register the growth of cloud
droplets and the formation of raindrops

C"ﬂﬂTﬁW@ZFW (Polarimetric radar): A dual-polarised C-band Doppler radar
that can measure the geometric (shape, size, etc.) and mechanical (displacement,
velocity, etc.) properties of the rain and ice particles in a cloud
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(ASNRTGN R GIR (Randomization experiment): The clouds are seeded in a

random manner following standard randomization procedures. Rainfall from the
seeded and unseeded clouds are compared for statistical tests

Qfg? CHIoT (Raindrop): Water drops with sizes from 1- 6 mm. These are formed by
the melting of ice or the collision coalescence of cloud drops

I ITF TSATAY (Secondary ice production): The formation of ice
particles in the cloud via indirect processes other than the ice nucleation process

NFSa@ ST (TNEFT) ©FT GieT (Supercooled water): The condensed water

in the sub-zero region of the cloud

BITs® SI26 (Target site): The region where cloud seeding is done for rain
enhancement

@Eﬁ' (9 (Vertical velocity): Vertical velocity at a location, typically within the cloud
or in the atmosphere, in general. A stream of air with upward(downward) vertical
velocity is called an updraft(downdraft).

O (VTIF TF (Warm cloud layer): The layer of cloud wherein the temperature is
above 0°C.

RS ﬂ@ (Further Reading):

1. Review on advances in Precipitation enhancements_ (Summary of the

assessment report by WMO on the convective cloud and winter orographic
cloud seeding) https://journals.ametsoc.org/view/journals/bams/100/8/bams-
d-18-0160.1.xml

2. Quest for Effective hygroscopic cloud seeding
https://journals.ametsoc.org/view/journals/apme/49/7/2010jamc2307.1.xml

3. Book on Cloud Seeding by J.R. Kulkarni_https://www.flipkart.com/cloud-
seeding/p/itm1f498f030c184

4. Rain Enhancement Technology: Making Sense of the “Cloud Seeding”
Program in India - https://doi.org/10.1177/02704676209637
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https://www.flipkart.com/cloud-seeding/p/itm1f498f030c184
https://doi.org/10.1177/0270467620963708
https://doi.org/10.1177/0270467620963708

10.

11.

12.

13.

WMO document of weather modification; Updated in the meeting of the Expert
Team on Weather Modification Research Phitsanulok, Thailand, 17-19 March
2015

WMO, 2018: Plans and guidance for weather modification activities. Executive
Council: Sixty-ninth session, WMO Rep. WMO-1196, 261-264.

WMO, 2018: Peer review report on Global Precipitation Enhancement Activities.
WWRP- No. 2018-1.
https://filecloud.wmo.int/share/s/ ujeyRLhRxGYsNO5nO6X Q

Prabhakaran et al.,, 2023 Indian cloud seeding scientific experiment, BAMS
https://doi.org/10.1175/BAMS-D-21-0291.1 ( provides a comprehensive
result of CAIPEEX Phase IV with randomization experiment results on the

hygroscopic seeding. A complete list of various hygroscopic seeding
experiments are found in the appendix

Pokharel, B., and Coauthors, 2021: A modelling examination of cloud seeding
conditions under the warmer climate in Utah, USA. Atmos. Res., 248, 105239,
https://doi.org/10.1016/j.atmosres.2020.105239. ( This paper provides
glaciogenic seeding in the USA)

Kulkarni, J. R, S. B. Morwal, and N. R. Deshpande, 2019: Rainfall enhancement
in Karnataka state cloud seeding program “Varshadhare” 2017. Atmos. Res.,
219, 65-76, https://doi.org/10.1016/j.atmosres.2018.12.020. (Opertional cloud
seeding evaluation from Karnataka)

Kulkarni, J. R, and Coauthors, 2012: The cloud aerosol interaction and
precipitation enhancement experiment (CAIPEEX): overview and preliminary
results. Curr. Sci. 102(3), pp. 413-425 ( Overview of CAIPEEX Phase | experiment)
Abshaev, A. M., A. Flossmann, S. T. Siems, T. Prabhakaran, Z. Yao, and S.
Tessendorf, 2022: Rain enhancement through cloud seeding. Unconventional
Water Resources, Springer International Publishing, 21-49
https://link.springer.com/10.1007/978-3-030-90146-2 2. ( A book chapter on
the cloud seeding)

T.P. DeFelice, D. Axisa, John J. Bird, C. Alexander Hirst, Eric W. Frew, R.P. Burger,
D. Baumgardner, Gerhard Botha, Henno Havenga, Dan Breed, S. Bornstein, C.

Choate, Ceu Gomez-Faulk, Michael Rhodes, Modern and prospective
technologies for weather modification activities: A first demonstration of
integrating autonomous uncrewed aircraft systems, Atmospheric Research,
Volume 290, 2023, 106788, ISSN 0169-8095,
https://doi.org/10.1016/j.atmosres.2023.106788. ( lllustrates the use of drones
for cloud seeding)
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14.

15.

16.

17.

18.

19.

20.

21.

Dixon, M., and G. Wiener, 1993: TITAN: Thunderstorm Identification, Tracking,
Analysis, and Nowcasting—A Radar-based Methodology. J. Atmos. Oceanic
Technol,, 10, 785-797, https://doi.org/10.1175/1520-
0426(1993)010<0785:TTITAA>2.0.CO;2. (Can use this freely available software
to analyse the radar data and develop information the storm tracks )

Geerts, B., Q. Miao, Y. Yang, R. Rasmussen, and D. Breed, 2010: An Airborne
Profiling Radar Study of the Impact of Glaciogenic Cloud Seeding on Snowfall
from Winter Orographic Clouds. J. Atmos. Sci, 67, 3286-3302,
https://doi.org/10.1175/2010JAS3496.1. ( A comprehensive study using radar
illustrating the cloud seeding impact)

Hosari, A, T., and Coauthors, 2021: The UAE Cloud Seeding Program: A
statistical and physical evaluation. Atmosphere (Basel), 12, 1013,
https://doi.org/10.3390/atmos12081013. (Illustrates the statistical evaluation of
operational cloud seeding in UAE with radar)

Murty, A. S. R, Coauthors, 2000: 11-year warm cloud seeding experiment in
Maharashtra State, India. ] Wea Mod, 32, 10-20 ( Results of Indian cloud seeding
experiment over 11 years)

Nagaraja, K. and Manikiam, B., 2020: Cloud seeding in Karnataka—initial results,
VayuMandal, 46(2) ( Operational cloud seeding by Karnatake)

UN-Water, 2020: UN-Water Analytical Brief on Unconventional Water
Resources. Geneva, Switzerland. ( lllustration of unconventional water resources
by United Nations and cloud seeding is one of the methods)

CAIPEEX policy report on cloud seeding ( A report prepared for policy makers
and common public on the results of the CAIPEEX IV scientific investigation
and the randomied cloud seeding.
https://www.tropmet.res.in/~lip/Publication/Technical-Reports/CAIPEEX-
Report-July2023.pdf

Schaefer, Vincent J. “The Early History of Weather Modification.” Bulletin of the
American Meteorological Society 49, no. 4 (1968): 337-42.
http://www.jstor.org/stable/26252023.
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