History of Meteorology 4 (2008) 57

Outline of Weather Proposal
October 1945

Vladimir K. Zworykin

Radio Corporation of America
Princeton, New Jersey, USA

V.K. Zworykin, Outline of Weather Proposal, October 1945. Princeton, NJ: RCA Laboratories,
1945, 12 p. + appendices, copy in the Harry Wexler Papers, Box 18, Manuscript Division,
Library of Congress.

Introduction’

In October 1945 Vladimir K. Zworykin, Associate Research Director at the Radio
Corporation of America (RCA) Laboratory in Princeton wrote his influential, but now all but
forgotten mimeographed “Outline of Weather Proposal.” He began by discussing the importance
to meteorology of accurate prediction, which he thought was entering a new era. Modern
communication systems were beginning to allow the systematic compilation of scattered and
remote observations, and new computing equipment was becoming available that could either
solve the equations of atmospheric motion or at least search quickly for statistical regularities
and past analogue weather conditions. He imagined “an automatic plotting board” that would
quickly digest and display all this information.

Zworykin suggested that “exact scientific weather knowledge” might allow for effective
weather control. If a perfectly accurate machine could be developed that could predict the
immediate future state of the atmosphere and identify the precise time and location of leverage
points or locations sensitive to rapid storm development, then intervention might be possible. A
paramilitary rapid deployment force might then be deployed to intervene in the weather as it
happens—literally to pour oil on troubled ocean waters or use physical barriers, giant flame
throwers or even atomic bombs to disrupt storms before they formed, deflect them from
populated areas, and otherwise control the weather. Zworykin suggested a study of the origins
and tracks of hurricanes, with a view to their prediction, prevention, and even diversion. Even
long-term climatic changes could be engineered by large-scale geographical modification
projects involving such areas as deserts, glaciers, and mountainous regions. In effect numerical
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experimentation using computer models would guide field experiments and interventions in both

weather and climate. According to Zworykin:
The eventual goal to be attained is the international organization of means to
study weather phenomena as global phenomena and to channel the world’s
weather, as far as possible, in such a way as to minimize the damage from
catastrophic disturbances, and otherwise to benefit the world to the greatest extent
by improved climatic conditions where possible.  Such an international
organization may contribute to world peace by integrating the world interest in a
common problem and turning scientific energy to peaceful pursuits. It is
conceivable that eventual far-reaching beneficial effects on the world economy
may contribute to the cause of peace (original emphasis).

John von Neumann formally endorsed Zworykin’s view in a letter enclosed with the
proposal dated 24 October 1945. Von Neumann wrote, “I agree with you completely. . . . This
would provide a basis for scientific approach[es] to influencing the weather.” Using computer-
generated predictions, von Neumann envisioned that weather and climate systems “could be
controlled, or at least directed, by the release of perfectly practical amounts of energy” or by
“altering the absorption and reflection properties of the ground or the sea or the atmosphere.” It
was a project that neatly fit von Neumann’s overall agenda and philosophy: “All stable processes
we shall predict. All unstable processes we shall control.” Zworykin’s proposal also contained a
long endorsement by the noted oceanographer Athelstan Spilhaus, then a U.S. Army major, who
ended his letter of 6 November 1945, with these words: “In weather control, meteorology has a
new goal worthy of its greatest efforts.”

Note

! James R. Fleming, “Fixing the Sky: The checkered history of weather and climate
control,” Columbia University Press, forthcoming.
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CUTLINE OF WEATEER PROPCSAL

T. Introduction

The {mportance of aseurate, 2etailed weather prediction, whether
~egional or worldwide, cannot be exaggerated. Ia the first place, exacs
srediction makes it possible +o plan sheac TC avoid the censeguences of
unfevorable cenditions, or take edvantage of favorsble wenther. A fore=
knewledge of intense heat or enld or floods snéd droughts would benefit
agriculture., Information sbout the ceming fog, sleet and storms would
aid %ramsportation, particularly alir transportation. Adeguste hurricane
warnings slone would justify elmest any effort in improving predictlon.
o the second place, weather predieticn tased on A scientific knowledge
of the factors influencing wenther would e & first step in any attempt
1n the control of wenther, s goal recopnized ss eventually possitle by
all foresighted men.

The underlying general shysical principles governing weather -
mehavior are now mostly well understoed, as a result of the advnncement
cf physical and meteoralogicnl sclence through the yoars. The =ajor
ebstaclas 4n the way of sitaining ®© petter understanding and betler pre=
Alction of the weather in the past have been d4friculties iz collecting
data and, dbecamuse of its comp loxiTy, gefienlsien in computing from thece
data. Dste solleeting difficulties have now beex much reduced. Integres
ennlins of wenther statlons can 0w { or 4n the near future) furnish data
ar. the moTement of sir masszes, the A4 gtribution of temperature, SresSUTY,.
lapse rate, water wapor, etc. Rediosondes und rockets will be atle to
srovide sseurnte informaticn on the relevant meteorologicel variables.

The dats are suitable for mathemntical treatment but in general

rapresent too formidable = sroblem to be handlec BY sonventicnal methocds.
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Hew electrical and electronic computing devices have been developed with-

in the last few years. The demands created by the war have greatly

imulated this dovelopment. These new dovices offer a possible mesns |
of handling and enalyzing the vost emount of meteorological deta.

In view of these factors, and because of the present higa degreoe

of scientific coordination due to the war effort, it apoears that now is

an opportune time to re-examine the entire problem of weather Pred*c*iﬂn.

.

—

PREDICTIO!

-
-

I. Discusslon

In recent years atmosgheric measurements zade above the surfnce
levels have provided much useful date and have orovided observations
representative of the genoral cireuleticn. Fresent day communication
nermits the coordination of scattered and remote observntion stations Iinto
integrated networks. Thus the application of up-to-date scientific
techniques makes it possible to srovide the necessary moteorologleal data
for orediction on a scale hitherte urlmown. Experience with electronic
computers and differentiel analyzers, wefore and during the war, indlicates

that with technigues now available (or prospective) practically aoy

suthematical preblem can be solved, with as high a cegree of precision

as is necossary. Rapid computebllity sukos meny experimental manxipuletions
possible in o short time. With she nid of card file selection systems v
sast situstions may be exsmined and expoerimental judgments facilitatec.

The sombinstion of rapid computability and rapid statistical reference con-
atitutes a wvery powerful tool for marfecting the srediction methods, as
woll as for their application.

The prediction of the motien of well=defined air messes may be
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gpproached by dynamical and empiricel oquationsz dealing with location, '

sizo and speed pressure systems, tempersture gradients, humidity, ete.,

and with the effects of these factors on the interactiion between nearhy

pir masses. DModern electrical computing technigues make it possible to

design oquipment for computing speciel problems not otherwise cmennble to

numericel treatment. Thus speclal computing eguipmeat can be built %o

solwe special dynamical equations, perform dynamicel extrapolation, and
facilitute use of statistical technigues by reedy reference to past data
on similar situctions. Present clectronic computing technigues will per-
mit the prediction of mass movements {or perhaps several deys in adwence
with results obtuined within a few minutes, once prediction techniques

are established. Thus the application of computational tools will make
possible to carry out prediction schemes bssed on the optimum mixture

of dynemical and stetistical principles. The eventual aim here would be

i L
——— e

to develop an sutomatic plot ting board to provide a model of the movement

s m— i

and modificetion of pressure systems, on sz nccelerated time base.

1II. Recommendations

It 1a, of course, impossible at this point to design anything
spprouching & finsl prediction scheme, but one might consider, as & general
possibility, keeping in mind its eventual application to the problem of
woather control, a system comprising the following synchronized elements:

A. L major computing installation tracing smss movements in the
Atmosphere ot an intermediste level, where wind moticas are more emsily
deseribable by theoretiosl meuns.

B. A computing systom based on a map of surface conditlcns for evalu-

nting surface effocts on the intermedinte lewel. The system would duplieate
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insolntion end other surface phenomene over ocean, land, mountains, ete.
Outputs would be fed to the basic computer mentioned abovwe.

Ce third computing system for ¢recating the upper stmosphere also
hooked into the basic intermediate level computer. All three bozic comou-
ters would be tled together by & synchronous computation of the wertieanl
movements, thus providing s simultancous three-dimensicaal representation v
of the atmospheric flow.

Da The unit named in (A) would be supplemented by & rapid reference
filing system which would permit efficiont use of past dste.

An installation of this nature would permit the prediction of
=858 oovements for perhaps several days in edveance with results obtained
within & few minutes. The rapid reference filing system would facilitate
) 8djustments of the oredicting schemes by permitting experimental manipula-

tions on pest date and comparing with actunl events.

CCRNTROL

L IV. Introduction

An examination of the mechanics of atmospheric circulation leads
Lo the conclusfon thet the formation of many phenomene involwes the gradual
storage of large guantitics of poténtial energy, followed or accompanied by
Conditions af raletive dynamical iastability and leading to rapid violezt
relonse of the accumulated onergy. Unastable physical processcs of this type
By, in goneral, be subjeet o alteration or control much more oasily than
#tttle processes involving comparuble amounts of energy- Thus the encrgy

invelved in controlling womther would be very much less than that in-

volved in the weather phenomenon itself.

Considerations of this nature indicate a possibility of doing some-
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thing ubout the weuther. However, metrorologlists have long recognized

thet o systemotic progrem for controlling woether must ewnit more complet:

knowledge of the interrelations among the many complex factors involved,

Numerous proposfls heve been made for nltoring weather both local (use of
explosive charges to precipltste rain) nnd world-wide (altering the course
€ the Gulf Strram and warious other oceran currents) but they have not

been founded on anything like adequats knowlcdge of cause and effect. Only

with ecxact scientific weather kmowlecdpgr will effective weather comtrol be

possible.

Intensified rosearch on wocther predliction would provide tho neces-
sary scientific beckground for the ewvnluntion of weather contrel measurcs
ard also provide tools for rapid and convonient laborutory study. Thus,

the high speed prediction technigue would ultimately be adaptablc for deteor-

mining what control meusures should be taken, and at what point 3In space
Vies corfical Srauid, 'rL g..g;m_ﬂ .
fnd time, in order to obteain a deosired coffcet with the least expenditure

£ energy.

There ore e variety of possibilitics for modifying local heat

bulances. Any treoatment which chenges chsorption and radiaTion charactor=

1_11'-1':3 either at the rarth's surfoncc or at various heoights in the estmospnere
Will have some effect; for exammle, by raising surfece air, oventuslly to
tcndensatlon point. In addition, locnl hoating by rcleasiag heat of combus-
tion such ns by widcspredd usc of flamcthrowers, or by release of atemic

| POWer may be worth consideration.. Treetment of a number of suitably selected
FPOts may have considersble cumulative offccts. Roflection snd sbsorption
Shaructoristics may be modified by the use of oil ower water, carbon or

Sluminum over land. Artifiotasl fog on both land and water surfaccs can

Blso bo uged. Precipitation of persistent cloud mass may be encoursged By

Cr
:
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shock, or by ponetrution of cloud with perticles of ice, dust, or other
material. Oceon currents may be modificd or diverted by means of heat

¢ pourcus ond sinks, physicnl berriers, or surface treatment.

Long term climatic changes mey be mede by mesns of large-sesle
. vogotntion programs, alteration of drsort areas, glaciers, mountaine, et aul;
in fect, any large scale geograophicnl modification is likely to have exton-
sive climatic consequences, through its effect on the loeal heat budget,
surface friction, and moisture distribution.
All of the above control possibilities are inherently difficult
to apply throughout a large experimentel program bedizuse of the size of
arces ond the amounts of cnergy involved. This means thet a repidly comput-
ing model of the typc mentioned above would be indispensable in selecting
" the arems, type, and degreo of trentment to be used in the werification of

experimental work. In short, it pormits the repid study, in the laboratory, #ff

| of & multitude of situations in & comperatively short time, ®thus enabling

. the rescarch personncl to weed out costly experiments which might take

considereble time.

o In view of the present stage of scientific devolopment and coorcina-

e

tion it seoms appropriate to suggest o coordinated program of research on

weather prediction and control.

o Y. Recommendations

q A= A 11:111.5 rOange , lurErr sgnle Progrom for wecther and climatic Fl‘fﬂi:-
®ion and centrol should be established, eventually on a global basis. For
¥ initial study and triels n sarticular regien should be selected. The Floride

il “fd Gulf srem mopenrs to be n good cnndidete for cerly work.
i 2

An eclabornte network of complete meterological observaticn statioms
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- ghould be set up, not only in the region bring used for initisl study, but

also in the arnas from which disturbences entering this reglon originate.

(e.g. The Cape Verde region, the Coeat of Africn ond points ia Central }}g:?ﬂ_ ﬁ;
ML

- . i -i"
America if the Floride Gulf aren is sclccted for initial tests). {i*f*:ﬂjhxg

C. Concurrent with cstablishment of weathor stations, the prediction
problem for this ares should be vigorously attecked in order to design
§ spocialized computing equipment approprirte for setting up the wmotions of
. air massos in model form favorable to rnpid computation snd automatie plot-
ting board ropreoscntation. Past werthor rocoerds con be used ns test Inputs te
;_ the predicting machine, which will bo modified snd edjusted until faithful

roproduction of nir mass movcements is cbtulned.

S ¢

D. Various mothods of clterntion of terrain and of effects of insola-

§ tion can be reproduced in the model mnd investigated, thus permitting study

| - of the possibilitics of deflecting eir movements with consequent changes in
the weuther. Physical and chemical research should be applied to the problem
of trecting surfeecs, effecting precipitation, and to thc gemeranl problem of
physical techniques in weather control.
E. At this point the results of physico-chemical regearch cen be
combined with plotting board results nnd verified under actuel conditions.
| Before globel studies on & wide internstional scele are well

organized, one cun stert with the study of local (comparstively) problems,

Such as the prediction, prevention, or diversion of hurricanecs. Study of
storm origins may involve more widesproad geograuphical arcas than study of
j"f'lﬂ"':*l:'ul.": effecting storm peths. Moreover, compuratively less is known sbout
storm origins then nbout their paths. For cxample, detniled investigstion
| hurricsne gonecesis probebly invelwvcs coordinetion of weanther stations nt

U8t on far og Africe.
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Initiel atteck on particular kinds of storm prths in restricted

nrecs moy encournge refinement of prediction techniques rnd serve as ground-
work for lnter global study. The development of ranid prediction techniques
would provide o powerful tool for deciding on wecther control measures by
providing for the immedlicte evaluntion of the effect of terrnin conditions
and consequontly permitiing exporimentnl]l mnaipuletions to study the effacts
of artificial surfrces or other ctmospheric changes.

The eventunl gonl te be sttrined is the interantioncl orgrmizationm
of mecns to study wecther phonomenn cs global ghenomens and to chnnnel the
{ worldts wenther, es fer es possible, in such = way as to minimige the
demege from cotastrophic disturbences, and otherwise to bezefit the world
to the grectost extent by improved climetic conditions where possible.

Such o interncticnnl arEpni:ntinn ney contribute to world peece

-
by integreting the world interest in & cormon problem and turning scientific

emergy to pecceful pursuits. It is conceivsble that cventuel fer-reaching

. LT

beneficicl effocts on the world economy mey contribute to the cause of pence.
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AFPENDIX

The dlscussion which lollows, rflntlng spooifically to the contrel
of tropical hurricancs, is not presented as s working plen for reguleting
weether. It 1s not bascd on the profound understanding of wonther phenomena
required fnr unctunl control of storms, and is not prescnted with a view
towerds its immedliete application. It i1s presented to render more concrete

end roalistic the genernl idea of weether control.

VI. Metcorologicel Conslderations

The sun provides the thermal energy necessary for all wenther
phenomens, including humidity, precipitetiom, wind, cte. Without insoletion
the utmospheric systom would Be brought to rest by friectional dissipation.

Locnl disposel of soler radistion is uffected by clouds, humicdity,
end other atmosphoric stetes; alse by the neture of thr carth's surfrce,
whethor osocan or land, mountein or plein, forest or desert. Por excmple,

& donse cloud raflecte about 788 of incident solar redistion; a desert gots
continually hotter during deylight, whereas demp soil remains at ncarly
constant tomperuture, with muech of the absorbed encrgy going inte latent
heat of cvaporsticn.

Through processes of heeting and cooling, evaporntion and condensa=
tion, and circulation of both atmosphere aad ocenns, insolation i

irregulsr regenerutive motions which reprosent unsuccessful attempts €0

Attein o staticnary situation.

froctively determinate Over neriods

Although the overell system 18 @

le or
°f, any, scyoral yeurs, its short pericd behavior is generally unstebse ©

ssivo
~ BeSrly unsteble. Particular weother phenomens mAY evolvo through succe

pheseg of instobility and wvarious degrees af stnbility.



jfleming
Text Box
Hom 69


Hom 70

1c.

Violent transients moy come 5 results of land and wnter distribu~

tions, mounteins, cte., permlitting gredunl stornge of potentinl cnergy lend-
fng up to o condition where a rapld relecse moy be triggered. It mey be
possidble to trke edvantage of horlzontual or verticnl instebility o nlter
trunsionts with the expenditure of relntively small amounts of energy
compered to the energy repreosented in the transient itself. Without
diroctly neutrelizing the emergy release involved in otmospheric phenomenn,

3t mcy still be possible to exert considersble control over the time, the

rete, direction, and form that the relense tokes.

YIiI. Eurricanes

Tropical cyclores (hurriceancs, typhoons) cre exomples of energy
scornge over a long period with a slow procoss of formntion of n stom
center. The process tckes place over o large ocean area in the belt of
doldrums nonr the equator and involves the grrdusl storoge of energy by
eveperation during insolation nccomprnied by unsteble wenther over A lorge
frot. Frequency distributions of hurricenes by month show & strong relation
£o tho senscncl variction in intensity of insolation in the area of origin.

- 472
There is nc epparent o priori resson To rule out the possibility

of occnsional ttiggering before the potentinl heod recches hurricane pro-
portions or encournging nearly continuous dissipetlon of the cnergy durizg
the formotion period. Considerchble further investigotion of the gomesis
of ropicnl cyclones iz needed to determine this.

The other possibility which remsins lies im cttompting to deflect
11 *he prth of the storm, without necesserily sltering its charscter greatly.

- The procedure would involve the combinetion of semi-permencut mensures with

fotion trken soom nfter identification of the storm, bused on prompt predics
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tion of the undisturbed pnth.

such procedures would not necessnrily involws

the expenditure of prohibitive smounts of energy.

In splte of the tremendous onergy involwved in n hurricane, cxemine
tion of typical pnths indiente certoin chorncteristics that meke 14 recson-

fbic to ctinck the problem of prth deflection. In contrast te the dyarmical

stabllity nnd dntensity of the rogenerctive rotary motion, the limerr motian

of the storm center is slow rnd apporontly ensily influenced by provniling

wind conditions. Hurricrnes themselves heve comprnratively little effect on

the surrounding mess movements, thus freilitating hurricane prediction.

Cape Verde hurricenes usunlly start west in the trough of the doldrums belt

ted then turn north nlong the skirts of the prevelling high pressure oren.

It 1s likely thet the turning oo

[
Fi s

nt is e profitoble place to effect the

hurricune peth for optimum effect with respect to tha Altantic Coast.

October, 195 T. K. Zworykin
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October 2L, 16l5

Dear Doctor Zworykin:

I want to express to you my thenks for letting me see your

"Outline of Weather Proposal”, October 189L5. I found your discussion

most Interesting and inspiring, and I thirk 2t is practical and of the

greatest importance.

Tc De specific: I think that the mathematical problem of pre-

Qlcting weather is ore which can be “ackled, and should be tackled.

will require very extensive computing, but the equipmert to do this 1=
mow Secoming available or cen be developed. Clearly the problem can be

attacked on various levels of abstraction: anywhere between the purely

8oTving approach which compares present weather maps with past ones axd .
attexpts to establish the closest analogous past situation In order ¢
fXirapolate by st experience; and the entirely serodynamical cme

"ok would aim to compute the movements of alr masses starting from the
Present distribution of pressures, temperatures, wizd welocities, bhx=idity,

%22 the states o Tadiation, reflection, and abscrption. If it were not

for «

*he considersble uncertsinties of turbulent heat tranefer, sven the
lat

“°F purely-theoretical approack would be feasible with electromic
Somputing that Sight Do zade available within the nex:t few years. At any

TR
“® this sapect of the prodlem, together with the important questicas of

“rbulence with whiek i+ is conneoted, should certainly be investigateds
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W vt Prom this however, there must be

intermed isnte procsediyres,

the sritiesl turbulent wechenisme of energy transfer partiy
1y and statistisally, which, used in conjunction with quite ad-
i eomputing equipment, will msike methematics]l weather prediction
:": le. In this conneection I would like to emphesize That I I think thet
i developrert of new computing equipment using & proper combinstion of
" 8] snd analogy methode will be of decislve importence,
I sgree with you completely thet once the methods of oredietion
gufficiently sdvanced the immedintely following step should be sre-
3 frow hypothetical situstions. In other words: explorirrs *ks
tes cf various controllsble changes fn the sbrorption snd ra-
ftion properties of the pround erd of 8 number of suiteble etmarpherie

which esn be brought sbout artificially. This would provide =

hh for sclentific spprosch to influencing the weather. 71 srree with

Pl thet our present fnsbilis ¥ to influence the westher (s not due to the

M hat the emergies involved in westher sre too Frest, since the most

M: msatecroloricsl phencsens originste in unstable or metastable

'ﬁhlrtim which could be controlled, or st lewst directed, by the relesse

# iy oraet
POriectly orecticsl smoupts of FRErEY- Aleo there sre yery nractissl

ml of sltering the o-

sorption srd reflection progpertiss of ths

the pround which

1 hope Yery muck thet thers will be

Some way of trenslating your

# o8 thie BUE jser inee.

: realicy.
b Sl be o

hed 1 would certainly te wvery plad if

8y help ot sny hare of the procasg.

Bircsrsly yours,

Jonr Ton e R
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= COMMENTS ON WEATHER PROPOSAL

by
« BDoilhaus

"
a

=

The Weanther Propostl haa been divided into two perts: nradiction =nd
soatrol. The immedinte contribution to be mnde to prediction by this pro-
nosal 15 4o mcke evalleble electrierl nnd electronic computing deviees which
ghn complete In s many minutes computations which would otherwlse occupy a
mumber of men—dnyes. In prognosis, where every hour utilized in anslysis nnd
somnutetlion, meker the time range sn hour shorter (rnd therefore lhgs wrluable’
the utility of sueh computing devices will not be guestioned by meteorologists.
fhots who heve seen the nhendonment of meny nromising technicues beceuse they

wore Loo time consuming to be procticel under the old "hand-labor™ method, will

“medintely npprecinte thot by the use of such electricel devices ell computs~

tlons may be made to contribute to the forecrst.
The a~nlication of eloct=ianl rnd elactronic commuters to matrorolof-

3
feel prediction mey be repurded na merely mnother sten (but potemtinlly @ preet

ome)} in g Process nlresdy sterted. Prior to the war, the fictor of nersons 1

!:u - 3 = = ® ¥ .I:
rorience nnd locul kmowledge wns m grent one in the make-up Of f SUCCEREE
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Chster. Him experience often resolved into ¢ remembramce of o situn
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Som - will
Smputers s ue lopienl s stes end coupled with type metchiar squi pment
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¥ powerful tool nm the methods mey be contias
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An ndegqunte electrionl somnuter utilized in this feahlon i &

ts hemd £8
98 the ninoe of Pull senle model experiments which apre otherwise 0 rd

hﬂnu in meateorclofy.

The second and much broader nert of the wanther proposrl deais with

T “WEF montrol snd this teo should be e _m_ o
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1 develonment from small bepinninge In ocontrvl
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hare iz herdly need to comment on the benefits of such control; in=
speaping =ninfall a few tentis of an {nch may spell the iir{arence between
femine and plenty; prevemtiag the lemperature from drorping a degree nt o
eritical point mny sove vest crops from {rost damn ge.

Ir the frot that such a nise b lance often exists in neture lies the
tll-important sontridutlons which will result from the evelopment of the
slsctrionl comruting devices for westher predictlon. Ageurnte forecastin
from s get of sircumsteances by the use of electriesl commuters will =not only

£l - .
s valusble in itself dut is nn essentirl step im wenther control. Ihe resuit

of |y sttémt 8t contro

- = 1 - - = 1
1 must be predicted in sdveuce and compared with the

prediction of wha®t would hove teke=n nlece without the control mensures 1o order
Bet only
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1y o rvold unexnected deleterious effects but also becsuse otherw i0e

=
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=are would e no way of rnowing whether the sontrol wan sucoessful.
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¥ vdequate study few who have seen the crude smudpring o
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ruccessful wenther control. Thile the gusntities of Tued

M -Ih - = \:_r I
¥ Srve tem enormovs, the sevingp in lines and meterinl proved e %0

Bl
and ¥eather sontrol method.

Reforestrotion programs nre sontinmually bedng undertries, © ok
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“Profound end lssting offect on wenther snd climnte bHut nne which hre
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been *omnletely annlysed in 4ts relntion to reinfall pad tempermtures
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irn concelivable thrnt reforestration mipght be undecirnble a4 gsome nlace Baer e

of 1ts bnd effect on another - if such 1s the cnge i+ is net Jmown, nnd w11

Gt 1'\ 1 i '-'|+- 1 i e 5
net be nown until syrtematic studies of westher sontrol are undertaisn.

How does the growth of & groat city influence its weasher? Do~s {ite

temperature increase because of the heoting of the buildings, or does 1ts

temperature decrense r v at -
rense becnuse of the usually attendant haze cap? Figures have

been given for Tokyo; mAny more such studies nre needed. Perhaps In certrin
cities it is desircble to produce smoke at cdertnin timer.
The argument thet to control weather requires pgrest expenditurs of

energr 1s asstisfactorily answered in the proposal. First, relatively smell

tmounte of energy, corrretly utilized, under conditions of latent Instabllity

may relense grently enerpgetic or extensive vhenomena.

It hes bHeen noted 4in South Africn thrt the thunderstorms ich Aare com-

mon over the more-or-less homogeneous surface cof the nlatean tend to form more

frequently over burned petches. In order to meke air mess thunderstorms con-
centrate ot one point rather than cnother, it is only necessory to introduce
en srtificiel inhomopeneity (of reflection or cbsorbtion) more marked than the
gusunl inhomopeneities.

Thether the storape of large nmounts of potentisl emergy over the hur-
ricane producing parts of the sea surfuce can ba avoided by introducing e check-

er=board of bleck end white (reflectively spesking) remnins to be seez but =zmst

he studied. This concept of the building up of the potentinl emerpy for a hur=
~1anne begause there is ingufficient inhomopeneity in the surfuce to supnly &
nrafer-ed point ¢t which sonvection may start is like the experiment of bell-

1np water in ¢ seasel the bottom of which is covered with mercory. IS 1o Qii?

’ ud

thnt auch o degree of superheot (instrbility) mry be nchievnd rnnd ebullitiom

nostponed such that when it finnlly tokes ploce 1Tt may hawe the violenpe of ax

explosicn.
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The phenomenon of vonor trails behind airernft 15 o pood errmnls of

"tri”l'ﬁ"iﬂi‘" = if the otmoesphere ir in the right condition these trrils grow

gonnidernbly. Most striking is the report of a Germen meteorclogist whe

ohssrved nnd photographed the tralls from only three airplones over ;ﬂl:bufa
ﬂ-.r

develop inte en overcest in the spnce of less timn rn hour,

In ¢ Adiscunsion of the energy for weother control oge cannot avold

ralference to the posnible utilizetinn of ntomie power, but adequate knowledge
of the nborbtion snd reflection of Aifferent types of surfaees will permit
wtilization of that cther great nource of power = the sun.

The secon! nort of the answer to the srpument that westher control re-
quiras prert oxpenditure of energy in for the predicting computer To answer
shether the reasults nnd henefits woarrent the exnenditure however larpe or smoll.

Finelly, one may look a little into the future af mateorolory. Avin-
tion which in the pnst yenrs hos plven the grertest stimulus to Tae growth
of proctienl meteorology is rapidly poing from the erptwhile stare of belnfp

depandent on westher for lts wery safety rnd succesaful reccomplishment to the

stage where airpleanes will be nble to toke off, fly ond land where they will
regordlean of wenther, Venther nredlotion for nirernft will then be relegated
%o the lesser imnortunce of determining not whether the flight ir pogsible
bud only what level of flight i1a mont eoonomicsl or most comfortrble. In WRI=

fore ruided missiles will not be nffected much by werther. Even the former

benafits little by wenther nrediction; 1t would not seem sulficient to tell
him, however ccourntely, thet he will atnrve in the coming s*&8s0On.

In wenther eontrol meteorology hes & new porl worthy of the grootest

effort,.

/a/ Athelsgtan F. Spilhous
Mejor = . 5. Army
Reseoroh & Development Bre=eh
ALT Linison Offdce (Tenther
1 | Comp Twnng Laberatories
| ' ‘!‘i’hs Belmar, New Jorsey
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