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.t, .!lie .repert u•cri\ .. the clnd. data and•- ef '\be n•earell 

renlw ot Pro~ect k..S, Tulc Ornp 3.l., Tuk J'eroe m • .&. ratiaal 

elu•ifieaU.a et tnpio&l. olnd8 eharaeter.l.atio et tU Catral. Pacif19 

Ooea 1a att..pted.J fU'tJ'-tw ul.oved phetogn.pU et ooeudc cleuc18 an 

reproaoM. u a fndation fer a inpic&l. cln.4 &tl.u J ad. 1:M topic of 

naul.u preoipi tat.ion 1a treated. at •aae laathe !baa follns a flia­

cuaiu. et t.bl t.olmiqua aeeee•U'T to lfZrl' att.pt to foreout the 

aonant aDd trau!eraaticm et atmic cl.ndl ill loll' lat1 tladas, the ebief 

&taDtieD being paid. to nuta felJJnd.Dc 'tu tint au lunars after 'the 

aploaieu. .&. .. taoa. et ccmptinc nrtic&l. aoticma ill the free ataos­

,Ure 1a da•orl.~8' and 8PPlie4. !U repert concludes with a okapter 
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msctJSSIOI !!!! DmlUDDlTIOXS 

lkl DtlD 

lo . .tar u fatve napon te•til2& iD the Kanhal.l. Ialands area ill 

eeuezud, ~ al1' part. et W.. report that are of iatereat concern t.be 

MteenJ.ocieal cadi tl.ou pnrn.Uc tile aot.ion et atoaio ci,w, and tlw 

pomai~1l.1:Q" ot tereouting cloud aDd. preoipitation :lmudiate~ before 

ad. for ... Uae after at.ic cpl0111en.8. The topics 12p0n 11hich recca­

.. nd.•tiou can 'be ude therefore are those connected with the obsel"t'atiom, 

a&lpia a.cl terecuting of tile t1e1d et aotion. and tboae 11hich 'bear on, 

the utecUea ad. torecutin.g of a:t.emiTe sheets ot thick &lteetratu, 

4.1.1 Comparison !!! !,!!! J.rtificial ~ ~ llatural. Cloud 

Experience during Greenhouse nggesta that up to about aix 

hours after the ·~losion the atollic cloud aq be regarded u a large and. 

1911g-l1Ted cmmlu. !bis aeana that the chief deto:mat:he fie1da lie in 

the Tertical planes and that the most illportant part of those fields con­

sist in the successin Tertical profiles ot the horizontal component ot 

the wind which the cloud aeets during 1 ta tr&n1lation. .U with the ClDlulua 

these fields result in a •shear• ot the cloud. The tnnslation of the 

cloud is at the same t:illle sufficient]J appro:dmated b;r neglectil2g the 

wrtical motions of the llllbient and included air and camputiDg the dis- -
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plaa•ente of iDdi:ddual portiona ot tbe elnd., 1nel 'bJ' lnele 

After about 11.x hours, !Lnrrer, tU appraiaat18u are ao "l.nger 

Talid. Dittuaion ot 'the clwd. particle• U. lad.~ tu lrp1"8ad. ef ta 

au• ad the defmu.tin twist ad •hear a. to tu ·fi.U ef •trd.Ja UT8 

led to J.arce relatiTe dilpl.&clUllta ot ~ aloud. •l•at8 • .lt W.. nap 

the aeparate oloud. portiena aoft 1la dittereat part. of tM tetal tiel.4 et 

aotion; their future pNitiou therete1re llaTe te 'H empted - ~ •• ml 

the position et the .-hole clolld e.U.atH ~ a IJ1li;Maia et t.MM 

aeparate cal.culatiom. 

k.l.2 Pr9cip1tati .. .!!!! ear .. Un !! bdieaotin .. terial .. 

Batval. Clnda 

The pneral aencluio:a et Chapter 2, u tar u tM S..ecliate 

purpose 1a eacern.e• 18 tbat the JI08t fnqllClt raiU 1a 1iha SanUll 

Ialands tall troa caali 11ho•• ettectin elnA 'Ul:ielme11 ezc..U SOOO ft. 

· llOlt of the n:auli 7i•ld aall aount. et rain, ill n.nni luii:Dc ut 

more than a tn ai.m.te1. Aa aa•t. llhioa cnld. oolla•t an4 preoipitate 

:material. troll a radioactin oln.d in the ••end phaae (onr •is laolll"ll 

atter 'th• a:ploaion} tberetore thq ll'Owl.ci be imtteotin. !hq wl1li 

han to reach iJlto 11pper reP,ona ot n17 lli.gh particle cmceatratiou, 

•o tar not attained, in order to cout.itute huardou natural collect.on. 

On the other hand, it bifh concutrat1om ot radioaetin 

aaterial a:11ted 1a the aiddle ataospbere (•111", l»etwen 15,000 and 20,000 

ft) and at the ••• tiae an upper now •iailar to that after J:aq 'tut 

occurred, hazardous precipitation llight occur. In the tiret place tho 

q>per horizontal deformation tieldAs would concentrate the aaterial. along 
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aa m.. et av.teak, wbicll wo, azi&b'ei• au• 18 a regia. "'in 11hich alto­

atratu 1a ••t likel7 to o~eur in tbiek 'llidupread aheeta (aee rigs. 

2•32-3S) with rain, not o~ tna 'Ule alteatra-wa itself lra.t also froa 

WJ.l. eaul:1 and camloldllbi penetratiq it. !he latter woulcl be ettectin 

._t•i•aten, •ac. raia 1a auch henier frm the nauloniabus and c1DIUlua 

cenpat.u Prna:ilhc ia t.Aeae aitu.tiou. ' 

•.i:.3 roreout.i!c •at-aral Cl.ad Coyer 

It 'beoca• 1pp&reat frca ••ctiou la..1.2 that the torecuting 

et natval olou ewer and preoip1t&t.ion miaht. be 1-pert.ant :1Jl tuture te1t 

procnu. Ti. filt1C'11.tiea ot accurate torecuting h&n been autticien~ 

mphuised. 1a mi.apter 2. l'orti'l.ll&t~ tae tn>e• et cloud.I lik•lT to 'be ia­

port.ant azoe tlaoae with wbi.ch IJnOPtic anaqaia om deal 1 that 1a, widespread. 

•beet.a et altNtratu-al.toc11nl.u uaeciated Yltll 1uJor disturbances ill 

either ~ i.wr atuapbere ('tJ'pbHu and tropical •toms) or the upper 

(upper 1.eftl qel.eua and t.ro11gbll 1a the waterliea). !be attack.en the 

torecut pro'bl.a then ill throuch the au.17aia ot the field of aotion. 

k.1.11 J'orecutiy ,!!! Field. !! Motion 

lre tiul.]7 &rri:n at the concl.uion that the aottt illportant 

torecut. in azq- tutve 91>9ration auat be that et the changes in the ftelcl 

et •ti.on at. all leftla ill the tro'POQhere cner the llanhal.l Ialanda. :rroa 
. W.. toreeut. w'Dld. be d.eri:nd. the propose• et ·ti.be ncc•••1.n pHi tiona and. 

•hap•• of tm ata.ic cln4, tlut ooneatratio• et aaterial at ftl"iou leftl.a 

11itlwi those 1hapea, t.bl tramport upward or do1rmrard et prenauq dateote4 

DllClei ot COllCentr&ticm t.hrough atmospheric aoticma ad. iadepeadentq ot 
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tall-out, and finaJJ7 the precipitation of the :aaterial on to the •urtaoe 

lJ7 natural cloud.I. 

!he tollonng nomaend.atiou are ll&d.e on the buia ~t the •teore.:. 

logical re•ul.ts ot Project 4.S alone. Since penomiel on the pro3ect baw 

onl7 partial kna1rledp ot nriablea 1d:lich aut ••rioua~ qualil7 th8 

rec~datiom the latter are adnnced in a ft!7 tentatiye ammer 1Maed.. 

k.2.l Forecuting .ltcaio Cloa.d JloTment 

~ the tint phue of ta oloud JIO~ (w.p to •ix llo1IZ'll 

after the a:ploaion) the pre1mxt Bade% •et.hods, baaed. 'QPOll apot 1liDda at 

the point. of detonation, are u n.cce•aflll u aq be apeet.d. lfore ret1u4 

uthoda wolU.d probabl.7 not improTe t.be terecut.iq appreciab]¥. 

Da.riDg the ••con.cl pbue, llownr, tra~ecto!7 anal.1818 11.11111 

cmaplete ma.q.e1 et the field ot ution at all lnela 11p to io,ooo ffft 

abon the ldghel!lt point to ftich the cl.ov.d 1a a:pected to attain 1a uaen- ~ 

tial it tba cloud 1a to be follQftcl nth sq nee•••· It 1a reccmendK 

that diagno•tic ad. prop.oetic atre•l1ne 1111p1 tecet.ber with tu d.er1w4 

nrt.ioa1 JtOtion upm be uda tbe ltui• of sq tature ~·~ an&q8ia 

.1.1 ng at accvate trackinc ot the clo11d. d:1lr1q tbe aeocmd pll.ue. 

Since it 1a nn 1mollD that nrtical. utiou wbieh 1D ~ 

uan aq 'H u lar&• u 4 ./sec em oeour ner 1arp iANU of ti1la JfanlaAll. 

IalaDds, t.be peaei'bilit7 oi J.ars• nrtic&l diapl1e ... ta ot partll of ~ 

ololld cluri:ag the ••CODd. phue ahou1.4 al.np be octn11idered. It 1a nccmenled 

that farther work on Yertidal aotien ~1• be uaoeiated with anr f\1ture 
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pnll'• ad tbat acceuat b• t.aken· of thi8 COJlpODeUt of 'tH aotion in 

tr~••to17 ~i•. .l4nntace •hollld be taka ot the tact that the cloud. 

:uteri.al 18 aa aiaoapbaric tracer, to cheok the ruul.ta et the nrtical 

110tioa ~ill ad. procaosia. Thill wud be et ine•tiuble Talu in 

Mteorologioal zuea'C. 

It p088U.le1 UaCD Oil cimmT trajeCtoZ'J' f•recuta ahould. be 

aad8 'before _,. utul t.ut. !Ilia .eoald be n17 •illpl.7 e!tect.ed b7 the 

·rei.ue .UMi tnoldmc ot a ... tant leftl. ~all.oen trca th• test 18lmd, 

aq, ft9l'J' ••ceM clq'. J'oreouti.Dg peraozmel woUl.cl b7 thi• aeau ban 

a lfqer 8eria8 ~ eUeD Oil their trajector.r maqmea llDd forecuta thm 

i... been posaibJ.e. On Oreenh011Se ad preTioms tests, it seem, the onl.7 

elleeld we puailta ooevred maring the wt intense part ot tba Operatia. 

k.2.2 Operational rorecutl.!& 

In add.itiOJl to the toreoasta of aoftUJlt md tran1tomat.ion 

~ the clolld, llhich ia the aaiD preocnpatien ot tbia report, there w\'lld 

'H on Cf3' rv.ta.re teat, the need tor uomal operational torecut.1.Dg, auch 

u wu carried. «''ll at Bni:ntok dnring Operation Greenhouse. But facilities 

adequate to conduct t.rajectorT tereoutilt.g wul.d also be adequate tor nor­

aal operational torecutini. It suffices, then, to treat the facilities 

t.hat 1RIUl.d. be required. to conduc~ tll• tJpe ot torecuting predoual.7 ov.t-

1.:1.ned. 

It 1a clear that the results and Mt.hods described 1u this 

reperl depend oa two tactore 1 an adequate reporting network and ntticient 

kDowledge ot tropical aeteoroloa to aake accurate anaqaea and propose• 
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troa the reports. .lccu.rate aal.1'1•• ad procno-u -1.t.iaat.11' depa4 a 

ad.naceB" in lmnl.edge obtainff. tbrnch nsea.roll. The·~ d.ata ••faze ~ 

ebtained trcm tbt Tropio1 tlaat are et a callber approuMng those nqu1n( ou1 

tor rM•arch arts those deriftCl frcm tba napen tutillC projeota i1l tbe ~ 

Xanhall I11.and8. 'lhe routine reports f1'0ll aa tzropical Paoit14 •1i11.isecl 8D4 

b7 tlaa ilr 'Weather Semca ill d.q to dq foNOUtinc are not adequate for Wl'l 

enn ample toreoutine fer air traaperl 9P9r&t1ou in 1n latitllda1. Jlom tee· 

oft.he aet.bods ot 1treem11u ~i• duoribed iJL th1a r.port, for exapa, repi 

can be mpplied. to cvrent aap8 of tba tropioal Paoitio - tbare ii ut 

enough data. The iaportanoe ot Operation C!reahoue, 'lihentore, t~ a 

meteorolegiat•1 poillt of Tin, ta.r vanao.U. it• 1-ediate objeat. 'fhoH 

respons1.ble tor 1ihe aeteorological plann1n1 of ta. Operatl.on wre antel1' 

an.re of this ud eJ.aborate precautions at tboae leTelB nre talmn te 

preser'l'B tba data 1lben it 1An.ld. be ooll.ected. an4 to 1ee that ita 9Ccm'&e7 

and the trequan07 ot obserT&tion attained to the bighest 1tadarda •. Bat, 

it JIU.It be noted, t.h1a ideal wu not 1wediatel.7 presen in tbe eeUc1oune1s 

or all persou in lTU 3.k.S. The lhrogationa ot ta orJ.cinal presr- whiu 
wre aotecl ia Cha.pt.er l ftre in aoae cases llade arb1traz'il7 and without 

conaiderii¥( their ettects not o~ on the reaearoh prejects orcmisecl 
-

aa ~ts ot Tuk GrcnLp 3.1 but oa the nr.r actinti•• that .lTU 3.Ja..S wu 

conatit.uted. to perform. It is 1trong~ reccmaendad that it ta.tare tests 

occur, control be uercised f1"01I abon onr lower operational eohelou 

to see that the primar.r uteorological 111.Hiona an. not U.trm1g bf arbi­

tnry daciaion and that the 1-aense Talua tor ruearch of the •teorological 

data collected cluring the operation 18 kept in ll1Dd b7 all perao11D8l at ~ tlaas. 
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It 1a illpOaaible te II!,~~ so~?. c?f.. ~~e computations described 1R 

'\his report using Croa•roada or Sandstone data. For tbe type ot fore­

outilai daacribed, the Oreenhoue network: represents a JliDi:mla. This aou­

'Uaea railed -~ to the Cllllbersame comm.unicatiomi SJ'B'tea (aee Chapter l) 

md. P&rll1' 'Hoaue tba original plans tor the treque11C7 ot obsenations 

nre aot earried out b;r Task Gro'1p 3.4. It 1a recOJmend.ed that in future 

teata tb9 fall. tk'HDhouse network, as originall;r planned and including 

reports trca Tra.k and Ponape be regarded as a w1n1m requirement. 

U a higher order ot &ecur&cl" in the eat.ill.ates and capu­

tatiens and conaequentJ.7 a •sate" aard.n ter the forecasts 1a required, 

tun a network slightly more extensift, though not more dame than the 

Graaheue stations would be needed. The tollolli.ng Yould conatitute a 

clari.rabl• net: 

Bikar or Utrik 
Blli:ntok 
Yalm 
bajalein 
Majuro 
Bikati or Taraa 
ltauru 
Ewsaie 
Pal..IQ'ra 
Job.Dston 
Iwo Jiu. 
Honolulu 

Ponape 
Tl'Wc 
JWma 
lammea or Funatuti 
Canton I1land. 
KapingiJu.rangi 
Guam 
Jli<Dv' 
French Frigate Shoal.a 
llaidi 
Henderson Field or Kunda 
Rabaul 

Soae ot tJJ.eae stations al.read;y have facilities tor obtaining rawinaonde 

dat&J the otbera woul.d have to be equipped, so that 1linds to ma:l.mum 

heights could be obsened tour tius per dq. The stations in the southern 

lumisphere are necess&r1', it it is desired to follow the ccaplete pertur­

bations that pass tro11 east to west acroH the region; these perturbations 

soo1qs4 
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do not oeue abruptl:T at. 1ba _ •JU&~orj tfe1 .•nrlap tM equatorial ... tu-

lies 1n Doth Aailpherea (11, 28, 30, 32). 

ID az:rr- tutU1'9 ~at.ion the ... mmber ot wathar J'90"1Dla1 ... 

•anc• patrols would. be required.; Aa1rner, the ade1n1•trati:n pneeCIN• 1'T 

aeana of which the tliaht plam 1'0lll.d be ••t 11p wnld an to 1M aore 

tluible than tho•• that obtained. on Oreenho1.111•• It abnl.d be pNaible to 

T&r1' t.h8 trackB to be tl011Jl at least tnln bo1IN before takll-4U ad. w 
do~ lt7 -the wt direct channel bet.nen the nspoui'ble •'Merole~ta 

mcl tha C--mder ot the ReooDD&iaaaaoe Squdna. Cloud pbo~ H 

tli&hts, 'llbiah lie utirel:T ntllda a pre'ri.nal.7 8fimd. 9J>e":t.1.eal area, 

•hould be pemitted. tor research pa,rpMN. 

J1na1l71 the opportuni V 'that AD Qperatiaa et 1iM GnaJloaH 

Vpe proTidea tor reaearoh OD tr.pical olouda ad preoipitatioa aJao.U 1M 

1 

' . 

cruped. ID partioUar, m&cb 110re ue all.nl.4 • ..m 1a the t1•1Al ot radar i 

obsenatiou •f oleud and preoipi tatioa.. ill at&Ueaa a)Mnald H ecpippe4 

with radar and proTiaion uda tor obta1n1ng plMttosnpU er '1'a1Jlc• ef 

the scope at. rep.J.a:r intenal.11 ad u a l'01ltine nat.ber o'baenat.im. 
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