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This could conceivably. cau~8 a crol' failure and bring our hypo­
thetical enemy to his economic knees. First, we would have to be able 
to do it and we now cannot. Second, we would have to get them to 
hold still for it-this might not be possible. Third, 'forld opinion, 
if the effort were discovered, and, it almost certainly would be,. would 
force th6 aggressor to desist,pllrhaps too late for' that season, but the 
impact of world opinion might be such as to make such action unprof-
ltable. ' 
, On. the other hand it m~ht just be possible to beneficiate the 
climate-this is the sort of thmg I would like to be able to do-of the 
place to the point where the potential enemy could have such an ade­
quateeconomic base that he would have too much to lose by en­
gaging in War. 

Let us assume that a large country was, because of overpopulation, 
poor soils and protracted drought, in such a posit jon that it was a 
wasteland populated by starving hordes. With what is now known in . 
agriculture, land management, water management, and weather modi­
fication, it might well be possible to help that country obtain a viable 
economic status and supply its own needs. In the end this might well 
result in improved world relations. ' 

Whether to do this or not is a matter for that country involved to 
decide. On the other hand we might wish to help them. With tl:lllir 
consent and cooperation one might.call upon U.S. military forces to 
undertake a large share of the weather modification work because 
they would have the capability and equipment to do so. 

The trained and disciplined personnel could d@ it more capably 
than an ad hoc collection of resources. Thus, the military could be used 
constructively in foreign affairs, doing the very things that the 
proposed treaty would not let them prepare for. 

In a well run country the armed forces are a tool of the makers of 
foreign policy; we should keep this tool sharp and available. 

DETECTION OF SMALL-SCALE VIOLATIONS AND ENFORCING TREATY 

I should now like to address another aspect of such a treaty. Would 
small-scale violations be detectable? Would the treaty be enforce­
able? The answer to both questions is in doubt. at the present time. 

Unless adequate intelligence were available so that we could learn 
of the preparations and plans for such IJ,n adventure itis unlikely that a 
violation could·be detected until it Was too late. There is now no way 
to tell if a storm has been seeded. • , 
, It is true that the seeding agent might possibly be diltected and 
identified. With what technology now exists, it is extremely difficult 
to do so because the air all over the world is so polluted by heavy 
'metals that the au~entation of heavy metal content of rain caused 
by cloud seeding could not be told from that a.lready present. The 
science of weather prediction is not yet so exact that small changes 
produced by weather modificationc~>uld be detected. Were 'such 
changes on IJ,subcontinental scale they 'il'ouldprobably attract at" 
tention.. 

Were they to attract attention we should be faced ,with the problem. 
of cf!lling th~ ~alefactors on it. Woul4 ~ be settled easilyhy, diplo-
me.t,tc negotlatlon or would we. be' obligate\! to make them. qmt? ' 
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In order to prewnt violAl.tion of such a treaty we would have to 
spend a fortune finding means of ·detecting such activity and proving 
that the treaty was not being· obeyed. . 

An example comes to mind in the field of seismology where in order 
to detect vIOlations of a treaty involving testing of nuclear weapons 
millions of dollars were spent developing a seismic detection system. 

The technology developed to detect atomic explosions is in part ap­
plicable to earthquake work but the science of sesimology dedicated to 
study of earthquakes received 'much less attention, and still does to a 
very large extent, in spite of the fact that a large earthquake anywhere 
in ,the country would be a civic and economic disaster of outrageous 
.proportions. 

WORK OF WITNESS' ORGANIZATION 

. In closing, I would like to thank' you for the chance to make my 
ideas known and to acquaint you with the work of my organization. 
I feel that the things we have done have been good and have been a 
worthwhile expenditure of the Government's money and our time. 

That we are in a Navy laboratory has facilitated the work we have 
done and I really feel that it probably would not have. been done as 
soon had not the Naval Ordnance Test Station decided to go ahead in 
a neW field that at the time was dearly of more general and humani-
tarian interest than military utility. . 

Eventually others would have done the same things and perhaps 
done them better. We have, however, been a force in shaping the direc­
tion in which weather modification in this country has gone and I 
believe that it was a good direction. . . 

It has been a pleasure for us to work with the other Federal agencies 
in the developmllnt of their oWil programs, to use the things they 
turned out and to see them use ours. I believe you will agree with me 
that the humanitarian uses of the things we have done in a naval 
laboratory have been worthwhile. I would rather than take a negative 
attitude toward human activity of any sort to try to find a way to tak.e 
IIdvantage of it and I concur in your wisdom in that you have expressed 
a desire to use .things for peaceful purposes and I :would like to see a 
treaty, if such were written, where we could makeoptimum use of .the 
resources of the country to carry out these worthwhile ends. . 

SUGGESTED CHANGES IN PROPOSED TREATY. 

Let me say that if we must ha"e a treaty let usWrlteanother one 
eschewing all forms of violenee as·a means of settling disputes. If we 
can't do that,and if·we must have ,the proposed treaty, let us so write it 
that-

1. Tactical use of geophysical weapons be permitted for the benefit 
and protection of our fighting forces. . 

2. Strategic UBS be li1nited, when and if· it becomes a reality,to 
peaceful application by mutual agreemeuto! the countries concerned 
and the. concurrence of such neighbors as may ·also be affected . 
. 3. That military forces be used in such constructive efforts if it is to 

advantage to do so. 
Thank you. 
Senator PELL. Thank You very much. 



DIFFERENCE BETWEEN TACTICAL AND STRATEGIC USES OF GEOPHYSICAL 
WEAPONS 

What is the difference in your' mind between the tactical use of 
geophysical weapons and strategic use? . . . ' 

Mr. ST. AMAND. Strategic' use would be use that tended to upset 
the economy of another country for a long period of titne;or to Cause 
extensive damage to the crops of that country. Tactical use would be a 
situation where under battlefield conditions or in training exercises you 
could beneficiate the.weather:so y<iU ' c6uld operate hetlier; you, could 
malIe ita little bit WOl'Se so that the othel' sidecouldn.'t operate as well. 

Senator PELL. Speaking to you as a scientist, what would be the 
watershed between the two? . '.. ,', . 

Mr. ST. AMAND. It is ahard distinctiojl to make. . ,« 
. S~nator PELL. Is it possible to ma/re'it, do you think?. ' 
.~r:~T.AMAND'.I would saytliat. you c(,lUl,dn?t draw. a clea,rcut 

dlstmctIOn. You might have to make the dlstmctIOn on the 'baslsof 
the size of the military operation and the consequences of lailore. ~nd 
availability of oth~r method~ ~hat you coul,d use. . ;; .. 

In general, tactICal to a military person IS that the tactICal miSSIOn 
is something you use in day-to-day work with small groups Iijl4 
strategic things involve the use of larf~er areas. . . 

Senator PELL. Would it be a questIOn of relativity and interpreta-
tion, would it be very hard to be specific?' , 

Mr. ST. AMAND. That will be indeed a challenge to the writers of the 
treaty. 

WITNESS' VIEWS ON wEATHER MODIFICATION 

Senator PELL. About a.dozenl· ears ago you testified before the 
Sena.te .Commerce Committee an at that point.I gathered you are 
quite consistent in your views. You said and I quote-:"A good deal 
of the work of the Naval Ordnance Test Station is aimed at giving 
the U.S. Navy .and other Armed Forces, if they should care to use it, 
the capability of modifying the environment to their own advantage, 
or to the disadvantage of the enemy. We would regard the weather 
as. a weapon IJ,lid weather is as good a one as any." .'.,': . 

This is basically ;rour view? 
Mr. ST. AMAND. This was basically my view and still is. The things 

we have done for the world at large have been spinoffs from oUr work 
and we were happienviththose than we. were with any ()theraspect ofit. ..,.' . 

.: 

CAN"WEATHER MODIFICATION'BE USEIr' AS WEAP()N NOW? 
r U' ' , . ',;,''11; 

.~~n~t()~PELL: ~!I~'Yea~~~r~ iWq.\Ii~~1'!t.iol\".iIi~o~ .. ,:y,i~, te~9l):e<l 
tM §F,I}g. e. Wh~!!~,ltJi\l)!\d.l;>e"II~~e4'I!IS,a"we~on?: • ".' .,':. "", 

Mr. ST,AMAND. oay that agam,p' eas~. .'.". ..;. "':' 
SenatorPELL. Has weather'modificatlQn already reached' the stage 

where it, could benged as a weapon? ' 
Mr. ST .. ,AM~ND. Only.inatac.tical scale.' 
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KINDS OF MODIFICATION NAVAL ORDNANCE TEST STATION CONCERNED 

WITH 

. Senator PELL. Is your naval ordnance test station concerned with 
any other.kinds of. environmental or geophysical modification besides 
,the. instances .you cited lnyoui' testimony of rainmaking, rain sup-
pression and fog disl'ers,!l and hail? '. 

Mr. ST.AMAND. N.othmg... . 
Senator PlDLL. That is it? 
Mr. ST. AMAND. That is it. We have people· working in air pollution 

and things of. that sort but there is no-modification or any other use 
involved. 

PRODUCING ACIDIC RAlNFALL 

Senator PELL. Have you been able to develop a method oUreating 
clouds with chemicals that could .produce an acidic rainfall capable 
of fQuling mechanical gear and .. e<!luipmentand radarS and things of 
that sort? .. • 

Mr. ST. AMAND. We haven't even thought of this. 
Senator PELL. This is the first time you have thought of it? 
Mr. ST. AMAND. I read cit in the newspapers .but we haven't· done 

anything at all like that.. .' . . 
Senator PE"L. You have done no research along those lines? . 
Mr. ST. AMAND. No; it would be grossly uneconomi'calanyway. 

SUIT AGAINST. U.S. GOVERNMENT FOR PATENT INFRINGEMlilNT 

SenatOl'PlDL". As you know,. the.U.S. Government4s being sued·fo.· 
a patent .infringement on its rights by a private contractor. Do you 
have.any ~ews with re~a~d. to the merits of. his suit? .. .' . 

Mr; ST. AMAND. ThIS'IS a.rnatterthat·Is under IttigatlOu and. It 
would b. e improper for me· to discuss it b.ut the Justice Department, 
would probably be able to. answer that question, for you, sir. . 

Senator PELL. I thank you very much indeed. It is very good of you 
to .be with us. ' 

Thank you •. The ~hole testim~ny wilLbein, the reeerd, as I, say •. 
Mr. ST. AMAND .. Thank you,· SIr.. .' 
[Mr. St. Amand's prepared statementfollows:].· 

PREFAB'ED-, STAT.EMENTi:eJ':' P'lEBBE"'ST~ ~l\(A,ND~, EARTH': AND,PBANET:Apo,SclJDNOE8" 
. DIVISION, NAVAL WEAPONS CENT-ER, ,eHIN:A< L.,\.U, CALlI'.. ' 

Mr; Chainn.an, distinguished Senators' and. guests:' My, name. is" Pierre.:-St;, . 
Amand\ .. llivl/ .. t 112: Blu.ridge" Chin",.Lake,.Callfomll'. 1;'$ID .. empl<>y:edat, the .' 
Naval WeapoDe"Center.,to, direct work 'in,envIronmental,sciences .. : ,My;' baokgwund" . 
is. that of .. g~.ologjst-geophysioist wit"'.~ broad< interest .. in:all: aspeola"of, .eMth 
science. I gra\luated from the UniversitY of 'Alaska .. n!! tM·Califomil' .Institute 
of Technology. I was: .. Fulbright Rose_II: Seholartoi'ranCean,i':!·:have: worked . 
with, the, International Cooperation' ':Agency~in .. -South" America', The"main thntst 
of .my" profesmon .. 1.work has. beel}.·orlei>,ted .. towB!'d;·tb.· ... fe. andptofttabie.use" 
of the environm'nt, for- 'hutnan.,benefit., ,Ypu;'-may, -fJ,h¢;i1r.of,il" :bha-t{Olls>iaterested··,· 
in"sucb, things_is ,employed· at "the ·,NAval· ,Weaponsi Oenter.j:Vhe-,,~swelkis~'tbl\td-tYn· 
has- been ·the,:poliey ,of the Navy'to,encou-ragerand"8uppOrt' soience'of,use"to, the 
countvy as .. whole' .. ··wellas··to the"N .. vy.ilself: Tbe.·opportunity to·.do,good,and:,,, 
useful: worlt·tbe,.., i. at le ... t. as"great.and: probab\y;greater.tha .... anywhere.e1se'. 
in the. Federal System. 



I am appearing here at youf'lrlvlti\tlon, not as a ,Navy repi'esen,tative but as 
a private citizen a.nd as a'scientist who has worked-in the field of weather modifi­
cation. Althou~b I am proud to work with the Navy, and to:some extent c'Onsider 
myself a part of -it, some or all of my views may be ,at variance with those _ex­
pressed by Officials of the ,Navy and of the Department of Defense. I ·am pleased 
to liave the 'Opportunity to express' 'l)1y own views on this imp'Ortant " subject· 
and -to have them heard and considered. . 

l'he Navy has long had a tradition that good science of benefit to 'the nation 
and to humanity as a Whole helps 118. all. Among the very_first 'Oceanographic 
efforts may be counted the works of Mathew Fontaine, Maury. The massive 
compendium ,of navigational lore by Nathaniel Bowditch has been oredited 
with the saving of millions of Iives, and having made navigation les. hllZardous 
than it WlU! in the· days before"W'Wa.(i\lrlttijQ,AStTonornyas a whole has benefited 
from Navy interest'in positional astronomy. Many advances in, medicine ahd 
in 'other ,l;3citmces have been, supported' by the Navy' and this, information bas 
been·s\la~d with us all. It Is not surprising therefore that the Nav)', which has 
h'ald:t. 0, ,(Jo,pe 'with the exigencies- ~f {he el~nlentS\for its very'survival-a~ flea, -should 
find'- weather- modificatiori' a subject -worthy of support; It is true that the Navy 
and the, other"armed foroes· stand to benefit· from the, soienoe' 'tha~ 'they have 
develop~d, It is equally true that humanlW at large has benefited from such work, 

The story of our work at., the Nava.l~Weapons Center, formerly the' li.$val 
Ordnance Test Station, is an outgrowth 'of this policy. ,It was not-'a deliberate 
venture on the part of the Navy ,at the outset. but instead was -the outcome of 
a ooncatenation of circumstances and 'abilities to be found at no 'other Single 
place in the country, In 1957 Dr, William Finnegan and Dr, Lohr Burkardt· of 
the Chemistry Division of the Research Department, were involved in the devel~ 
opment of colored smokes that produced highly 'visible clouds to be used' As 
markers at high altitudes. One of the techniques to 'produce such a smoke consisted 
in using lead iodate to oxidize an organic- fuel so that lead iodide ,and free iodine 
were produoed. This soheme resulted in a brilliant, reddiBh~violet smoke. AnciJlary 
to this work they prepared a mixture that, upon oombustion, produced silver 
iodide. They 'had heard of the use of silver iodide in oloud seeding, and living 
in an aref!, where· rain was, a novelty, they were quite aware of the potential, useful~ 
ness of their teohnique. They told me about it and we set about learning about 
oloud seeding. 

As it \turned out this approach was more important than. we realized at first, 
beoause, theretofore, cloud seeders had been using a. substanoe similar to, and de~ 
rived from, silver iodide but which was not silver iodide. Silver iodide is used to 

, oause sqpercooled water to freeze. If a substance is to catalyze, the growth ot-ioe, 
it must not dissolve in water before the water has time to .freeze. Silver iodide is 
relatively insoillble, arid because it has a m~lecular structure similar to that of ice, 
it is a good material to 'cause, liquid water to freeze. In those days, clouds were 
seeded by use of an acetone bUrner that produced instead of silver iodide,· a com~ 
plex of silver iodide and one of several alkali iodides. It was not generally'rea.lizeq 
that the I,>roduct of this device was not' silver iodide but another compound quite 
different m its physical propertics. 

The exhaust products were water soluble and did not funotion as silver iodide 
w:as ~xpected to do. This meant that peopl-e who' were seeding _olouds with ,the 
older system did not do what they thought they, wel'e doing. Indeed, in many 
elaborate experiments, based on the premise that olouds were being seeded with 
silver iodide, the clouds Were not being seeded at all, or, were being seeded, in a 
manner diff_erent from that postulated. This :single fact-led to most of the confusion 
that has -developed ·as to the effectiveness, of cloud seeding-" in, tha.t o~herwisE" 
rigorously conducted ,experiments were pl'oducing' indeterminate results. Most of 
the disagreement that is still to be found jn Bcaaemic ·-circles -is based upon .this' 
difference, The matter is now pretty well cleared up and tbe·way-is'.open' to,'con~ 
duct 'a new,set of effollU!"that could clearly demonstrate' the effeotiveness ,of''cl'oud 
seeding under different"meteorologioal oonditions. Indeed, this iS'DOW' being,done 
by several· agencies but at.-a,'level of support that is inadequate to the problem,. 

We sdOn- beoame aware of,this problem, and with the understanding that. silver 
iodide oould be produced in relatively 'pure form, in the right. -particle'.sizes. 'and in. 
the correot amounts, and,that it'could:be'emplaced in clouds at,the right time,-we 
went ahead and dev-eloped:-a cloud ,seeding system based oU,lthe use',of pyro1ieoh .. 
nics. We.then. tested-a.sligbt~y,:d1lferent,8olution toche used·inmcetone'burners that 
did indeed produce'sllver iodide. (This concept had.heen elucidated In 1949 by 
Dr. B,emard Vonne~utl ,the.inventor _of'the aoetone'-bumen, but had been ignored.) 



We were able to do 'this because the,necessAry' talent for the research and develop. 
ment,., indeed, a unique COtnQination of chemists, .physicists, 6I}gineers, pyrotechnic 
specirujsts, meteorologists and aviators, the necessary equipment and an en· 
lightened management were all to beJound in one place. A good deal of this work 
was supported bv~the' Bureau or., Ree18~mation and much of'it was done in con· , 
neetion wlth .the' Department of Commeroe for Project Stormfl1ry. 

The task of optimizIng the system wasJengthy •. It was neceSsary to revif)w, and 
in part correct, ·the theory of catalysis as applied ,to the freezing of water. 'We had 
to dete~ine the correot particle size of the nucleant. W~ had to determine the right 
amounts. The solubility of silver iodid~ 'and other nuclea.nts ha.d to be considered 
a.nd their rates of solution ta.ken- into,'account. ·lSJew nucleating qlaterials that 
workeq ~t. highor telllRerat,ures were.,developed.:rhe ml'-terials and devices weI" 
teated in olouQi!:.9ver our ranges ~nd over-,the .Bout-hem: "Sierra'N~va.da..- Sampl~s of 
our se,ading devices were sent to University groups and to, other government 
agen.oies, so tl;lat tests might be conducted b~r ot4~ra under realistic conditions. 
, ,For two y~ru:s, we carried .out ,experiments,in the Southern -Sierra fOJ:: th~ Bu,reau 
of Re,ola.mation·. Later ,w~ cooperated -with them_ in an eff-ort oonducted by Fresno 
State ColJ~ge, tOinCr<l08e. tho snow I'Mk and theraln(allin the ,Centra\Bierra 
Nevada. Fqr Ii!6ven,ye_ars .we_ have be,ep"co~duQting, thro~gh a convactor, North 
Am.erican Weather CQIij!u1tants, and with' help f~om the Bureau of .Reclamation, 
,a ,r~h)fa11 augmentation experiment in the Santa Barbara area. 

The work hoa graduallyp .... d from experiments with single clouds to whole 
groups. of clQuds and· to components ·of storm systems. No untoward incidents 
have occurred' and none are e~ected·because of the care with which we have set 
u.p .. ,the experiments to precluQ,e excessive precipita.tion as a result of our efforts, 
We are .'now ,engaged in study of a' technique for_ slowing down portions of winter 
storms and .thus changing their, trajeotory so that the rain fll'ong the Pacific coast 
of California might be spread'out l\i bttle more equitably thus reduoing the perennial 
drou~ht in SO,uthern Califomia. and perhaps reducing the rain in the northern part 
of. the state where it is usually too .wet. , . 

Part of our work hns'_been'dedicated to the modifieation of olouds -too warm to 
be .modified by the freem,ng'prooeBs. For three years) we conducted experiments in 
the Brownsville, Texas area. This effort was intenaed to produoe more rain' from 
these marginal clouds and to suppress the grQwth of these olouds, should that 
prove desirable . 

. Fog olearance has reoeived the lion's share_ of our attention in recent years 
beca'QSe of the need to remove small patohes of fog and to clear aircraft lauding 
arellS. The use of hygroscopic seeding 'agents was systematioally tried and devel­
oped to the point where, under the conditions at Arcata

l 
California, it is possible 

to .-produce instrument minimums in a 1,000-foot thick og 80% of the Mooe and 
to produce an actual opening about ,60% of the time. The- teohnique is expensive 
and messy but does work well enough to be, used in emergency situations. 

Recently we have begup. an investigation of the use of eleotrically charged par­
ticles as fog clearing agents and, are haying promising results that indioate tha.t it 
might be possible to clear fog with a,greatly reduced logistic burden, 

Prevention of fog formation by coating oodles of water with evaporation BUP­
pressants 'was tried with 8uC)oess in the Panama Canal. Improved methods of. 
applying the· evaporation suppressants- have been developed }Jy our Chemistry 
Division. , __ , ' ,j 

, -We',have done limited_ work in' fog formation and intensification." ,This sy:stem 
uses an aeros,ol'consisting of common salt,made more,hydroscoplc_by the addition 

. of .small amounts of pot .. sium and lithium chlorides. With these it is p008ible to 
"create aU" o¥ercast condition and to ,make sm'all cumulus 'olouds under'the right 
meteerologi.eal.oonditions . .- In the ·amoun,ts _needed to' stablize or to _ oreate _fqg, the ' 
matel1ials arc> nO't toxic)' are less .corrmiiv.e, than sea spray and fa.r less harmful than 
cpnventionalscreening'smokes,' ,.,,~ ; _., c-.' " ' , " : -

Thi:dog prevention work in 'Panama is 'beingit66ted ·to see;'1f it ffl, possible t~),feli!3~e 
the obstruction to na.vigation that occurs.at,night dUring the,rainy 8~ason 1n the 
Gaillard Cut of the P'I"ama Canal. If the tests being.undertaken continue as wen 
as they have;, this -method' will prove useful in permitting uninterrupted flow of 
traffio through ~he gRnat, thus aiding world, commeroe, The techniques of applying 
'the evaporation suppressants will no doubt become widely ,used- commercially and 
will prove-"ot ',benefit in applications Iwhere ,ranohers -and, ,others 'have/ for, a , long 
time '-used eva.poration suppressants,to oonservewater in smllll reservoU'S,an~ lJ~dck 

. pon'~, Under-,extreme conditions' of temperature -and drought, 81lob, as are'Jound 
In the' arid ,southwest, thh; system, can prevent the evapor&tion of'fromo,ftve, to ten 
feet of wa.ter during-.a ,typical year. The 'materials' are not ecoiogioa.lly ha.rmful 'an d 
offer no hazard to persons o~ animals. . 



On several ocoasions, the resources of the United States Military establishment 
have been' oalled 'upon to take action against'droughts in various parts of the 
WOl'ld. In 1967, a 'small,group of· private contractors direoted by the Naval 
Ordnance 'Test- Station was sent ·.to India, to help with a devastating drought in 
the Bih~ and-Uttar ,Pradesh Provinces. "Over a period of about- thTee·menths, in 
the middle of t}le dry. season about .100 clQuds 'were seeded wlth' ai~ dropp,ed 
pyrotechnic '. units. These clouds; most of- which w.ere not raining to ',begin-with, 
yielded 'from » to » .. inch of rain. The drought 'Was so far advanced, aoc! the clouds 
so few that tltis 'effort was not enough to, materially affeot the drought. It did 

, show) however., that properly_planned~an~ condueted at the right time.of the year, 
oloua seeding could benefioially aid that oountry in ita agrioultural efforts. 

In 1969, a drought relief-. effort in the Philippines was. conducted by the United 
States, using Air Foroe aircraft and,crews and, technical personnel from the Naval 
Weapons Center. This effort was remarkably suooessful, beoause. olouds, that 
were in general too small to rain 'by themselves, were caused to grow and rain 
abundantly, It- was estimated by theJ'-Pbilippine government that"at .least $60,w 
000,000 in additional foreign exchange was developed by -agricul,tural. ;:'use' of the 
rain resulting from the cloud seeding. In additton, another, $25'000,000 -was 
saved ,because it was not necessary to import com and rice .. The folllllwing' year 

, the Philippine Sugar Institute "led an, effort using a UnitedStatee oontractoratid 
Philippine pilots who had been ~rained,the previous seasoD-'by,our pers(;mnel-. This 
effort met with the,s'ame sort of success and-the capability to'seed,clouds:has b~en 
retained and' augmented., It was not necessary to use it in 1971 and 1'912, but some 
work was done in 1973, and -it appears that the Filipinos will continue to make 
wise use-of the capability as it is needed. -

In 1971, we were called up,on to help the. Island of Okinawa, then llDder U.S. 
military' control.. A protracted drought ,had reduced ,the water shortagfl-on ,the 
Island to -inadequate proportions"and- the 'populace :was subjeoted to seveFe water 
rationing. ,The, IslandS had about, a million r,eople ,trying to use the water falling 
on the approximately 600 square miles. of· and, available, most ,of Which drains 
directly into the sea;, The United States Navy madE!:, available the services 'of the 
anti...submarine-p,atrol'squadron at Nah&. and we"furnished technical direction for 
a period, of, a few weeks. Her,e, the ski1b3 developed by the ,'patrol< squadron' in. 
trAcking' ships' ood" submarines, made -it-,an', easiV" matter -to, select-_clouds at ,sea 
whose'_trajector,y, would' lead _them ,over land and t.o estimate· the. time- af landfall 
of ·the cloud~ The clOuds, so selected"were:.seedediat 'sea, caused -to grow: and, ,kept 
alive_ until they came~'within, 10: -minutes", of, landfall;, a,t"wbic.h" time-,·they""were-, 
seededo for 'maximum gr.owthi. and in: the course; of' blowing- aor.oss the Island" 
ben'eficial, amounts"'of rainfall' were produced-." The task was. doubly difficult 
because it was necessary·"to avoid' having: rain . .on' certain 'parts: of ,the~ island- at 
some times. In spite of the difficulties, and because of the- skill of the Patrol 
Squadron, it was possible-to-increase the-rainfalFto the'point'where:,water rationing 
could be 'suspend(ld:" The-. work ,stat:tenc,-in July, and- -was' .terminated, in ,December, 
when'eflough typhoons' passed, by, to wUlle'.the··island' .of·, an- adequate:w_ater"supply­
for the t)me',bein~, Ini addition" most.;of-.the,r.est .. of(the,Ruyuk-uan"Islands;,were--alsQ, 
artifioally irrigated.during.the. expedition., '. '. 

Ill: t9n; Air' Foree.' croWl< thl>t'had'lie.tl;t\:alned itl .. th ... Phllippinea ;w.ere:ealled: 
UPQIli for.',a'-shor,t. time te--reliErve,;a.- dr:oUght"in ,Texas;,cOnce.'1\gain" N.W.CJurnished" 
seeding~ ,Jllateriais;, and,: eq,uipmentb.and, :aiQ.~d.: iu,.;the. . training;, .of,.- ·the. }~itcrewsi but,. ' 
did not. par. tlCi.pate.direct~,in .the •. ffo. ri" M..... W.' r. ",short ti."'e" the Air,.;F""c. with" 
drew<-and"eommmciRI-'-op~ratol'8':were::ca1Ied-,Jwow-t0:"take';aver .. ,th~'WQ~.<;: .. . ' " 

Ill' 197·2,' the NavaL _Weapons':' Center'<:and; the- ,Hurricane'. Hunter,.:,S.quadron, 
VW:I:..4,'.were .. as-lted,·to';help'Wi,th'if\ildr,Qught~i.~,:th6':Azo,esl.;;Wiith,'on&'w~~her-,vecon .. 
naissanoe ,ai:rollaf,t,<:t~e1»l,jcal:;ad.¥iee,,£rQm",.N~-G'!:'Mld;~help,,;ff&'lfl\;lt;n:fh~P;:_-,W.e&t~&~: -., 
Service, it WB.s- possible to -wet down all of the islands·:in ,the; AZ,ores,-$6veral times,' .. ' 
After, two-"weeklil" the: ,-weather:·_ rec.onnaissMlne' .air.or.a.f,t .:was _,replae.e'ck_by·,alrcraf,t, 
fl:OlD·,the.local· . .patror...qll~·and,.the~",orki.·.ontin\led;tintll.,.the."<i):<lusht,situa., 
tion had, passedt Ohqe again,:, the skill of the ,Navy crews, in,_trapkihIJ,.oJo9-ds, made .. 
possible,:a.·,.Rl,locessful,-etrOr't,,,tha.t wottld;,'·hav:e.:,beeu.'extremel¥ ~dim,6ult, ,'itD'ot:'im~ 
possiblei:o,thcI:Wiae. _ , ' . -, ,":' --,' -' 

. . It wO\lId-have··b •• rq.ossible;an,LcstIlFfsposolble;' t<rapply· ·the.e4eohniqUes"in;. 
many parts of;the·wQrlllwhe.elifeitselfdep,mdson ad'<iitional rainfall, ·ItappMrs 
thai.thls'!>.aetioe ··has,beon .stopped:'an<Hh.·,good"proeedent·d,oPl'ed. 'l'he'"..,asoru,· .<. 
is:, no'k~cleaTr ·folt. ,·the:' ,efforts:, ',weR!: ,effeo.tw.e.\and:,no:,~'untoW;mrcld-frcl,den1:s:f:.'BUuh:',,8S.:·. ':: 

. excessive,rainfaU; occurred.-: . 
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The seediI;t.g techniques that w~ have in large part developed are now in use in 
almost every country in -the world. The- devices' that we developed for 'seeding _are 
widely copied and manufactured. We have made suoh information as we had(freely 
available to people herehand abroad, who chose to carryon development on their 
own. tn connection wit rainfall augmentation we have worked -with or advised 
the following-groups~of people and domestic agencies., . 

Department of the Interior, Bureau of Reclamation 
Department of Commerce; Stormfury Project, Great Lakes Project, Florida 

Cumulus ,Project: . . . 
Nat,ional Committee oD'Atmospheric Research; Hail Projects 
Department of Agriculture 
State of South· Dakota "" " 
U,S.F.Orest'Service 
State of Washington 
State of. California 

, South Dakota .School of Min~s- and Technology 
ColoradoStste University . 
University <if Montana 
UniversitY of Washington 
University of Wyoming 
Numerous private corporations 

We have h"d contact, with iridividuals interested in, this matter in the following 
countries: In,dia, Philippines~ Taiwan, Chile, Israel, Rhodesia, Mexico, Portugal, 
England, France, Italy, Argentina and Australia; , 

A substantial portion of tpe critical scientific theory was developed at NWC. 
Our ,contributions include clarification -of nucleation theory for the formation of 
ice in clouds, solution of Smoluchowski's equation in ~Emeral form. Methods for 
calculation of the time required for a solid of a given SIze to dissolve in a solvent 
were d,eveloped. Improved values of collection coefficients were calculated. Theory 
applying to the use of electrically charged particles to capture other particles was 
extended., The theory of condensation was improved. A number of'new nucleating 
compounds were developed for use at- temperatures warmer than that at which 
silver iodide functions, and- were tested. Improved -acetone burners for ground 
ba:sed and for airborne use were developed. . 

It has been suggested that control of the environment would constitute a truly 
horrible weapon'of war. If all the things that the proponents of restricting the use 
of geo,Physical weap6ns imagine could be done were doable, this-might 'be true. 
As it IS, one can only make rain, clear fog and reduce hail at the present time. 
On a tactical scale, this technology could be very useful to the 'United States and 
would not constitute a threat to the climate of the world. The potential exists that 
over the years, the applications' of geophysics to warfare 'could become ,a very 
important military tool. . 

Noone can at present, influence earthquakes in any 'appreciable way. It is 
true ,that smJ\li earthqu~kes have occurred -as reservoirs were being filled 'and in a 
few insta.nces· appear to have been ca.used by underground ,pumping. These tech­
niques hold no. promise for any deliberate use in controlling such phen6mena, nor 
can I envision any techniques for producing or influencing earthquakes one way 
or the other. By understanding the nature and mode of occurrence of 'earthquakes 
and ,the application. ,of sound, engineerin. 'g ,and -good construotion.' p~ctices" the 
threat of earthquakes can in ,8, few tens ·o.f years be abated,. .. , .-

T~unamis"'8re caused by large earthquakes. There is nQ"way to produce tru:e 
tsunamis. Even, if" there were, a. tsunantl~would"not-affect installation8''ffiore than 
a few·hundr:e-d ·yards·of the shoreline:.,:o;rs'unamis would not be a useful'weapon 

,because they-~radiate'over"the whole oo~an'and would oause"extensiva"'damage to 
fri.ndly·poas1!~·.sweU,-'·· . .... """ '" :' ' '," . . 

, Otitlnge. ia oc@ancurrents· ..... ,poS.iMlIto' att~jn'with'l?rotean elf ol'tlftOrle 'cOUld 
perhapll dam.}he Berriilg'Stf4its6'di~¥nlj~ G\lIf'S1lt\!~1I\'."Subh' anelfort wOUld 
requil'e' the ~oo6peration' of a --large partl' 'of the world 'an'd' would present, such 
unforeseen conseCI,uences that it is unlikely that it would, or could, be .done uni .. 

"laterall} b;y any CIvilized nation. '" ' , 
I, therefore, fe_el that such a treaty addresses things that cannot be done now, 

are extreniely-:unlikely in tthe 'next' centurYi and probably wouldn?t, ,be' done,.in 
any case and 'is' therefQre' premattil.'e.' _ ' ",' . ' .' '. 

A treaty to. preclude generiC use of- geophysical weaponry as could _be 'used ,to 
cause damage in exces,s of that necessary for the attallltnent- 'Of the) 9i>Jectfve -is' 
not !;leeded; because we are already morally and, in effect, legally bQund to do as 
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the treaty would say. We would, if no such 'treaty exIsted, not be bound to forego 
the use of an advantageous system were that system to be used effectively in the 
proteotion of our own forces, people-and prop.arty. One must consider in proposing 
such a treaty, whether the use of' any weapon or device whatsoever to protect a 
fighting force does in itself -constitute an act of war. 

To my mind anyone who does anything -in 'Bul?port "of- ,his government, or 
economy, in a time of war is a member of the fightlng team and.is participating 
in war. If this be ,so, how can we distinguish when an act is performed if it will 
be in violation of the treaty? The complete barrier to .all such work as proposed 
in the treaty could moreover work unnecessary hardship on our defense forces. 
For' example,: 'Would it be'proper to clear. fog so,that our war planes could safely 
retum.from combat? Would it be proper to clear fog '80 that. they could launch a 
mission? ,Would it be proper to' clear ,a target area so that they could strike the 
enemy? All of these would appear to be proscribed. It might also be improper 
to clear fog for'any purpose whatsoever, if the persons whose work was facilitated 
by suoh clearance could more effectively aid the military effort of their country . 

. Some distinction should be made' that is not now made in the proposed treaty, 
or the United States may have to deprive itself from the enjoyment of such adv$­
!ages as might flow flom peaceful use of weather modification, if it were done in 
time of war, to augment food or energy supplies so that the war could be more 
effectively fought. 

Weather is a terrible problem to the Navy. and to a lesser extellt the Air Force. 
To the 'Army 'and the Marines the weather is a serious factor that must always 
be contended with and which often 'decides the outcome of military contests. 
There are situations wherein the technology would not be used in actual combat 
to hurt the enemy but might greatly aid our own troops while engaged hi a war. 
Excessive fog could prevent resupply as it did in the Battle of the Bulge. The 
American troops were short on food, ammunition and fuel and were unable to 
-advance. This advance was critical to obtaining the fall of Germany while the 

, Wehrma.cht was still reelhig from earlier reverses. A, portion of the time, this 
fog was supercooled. Av.ailable techniques can now', with a very high reliability

cl clear supercooled fog in a,. matter 'of 30 or 40 minutes. It would have shortene 
World War II by several week:s if the technology had then been available. Would 
it have been w.rong to use the technology? I think not. 

Tank and inf~try warfare is dependent upon ·a fairly hard surface for the 
mobility of troops and equipment. Were a·situation to arise in which by increasing 

. rainfall, one could decrease- the trafficabillty to suoh a point that the efforts of 
the enemy to attain an objeotive were thwarted or delayed until we could prepare 
for a ,confrontation, would we be justified in using weather modification? I think 
so. . 

On the other hand, if there were no clearcut military target and the only out~ 
I _come of one's action wer.e to cause misery for the civilian population, and there 

were other ways .of preventing men and material from reaching the front, then 
the use ·of such tactics would 'clearly be irresponsible in that damage would be 
caused without gaining any real advantage for oneself. 

Force should be limited to that necessary to obtain the ,objective. It is equally 
tr..ue .. that to use less force than necessary·is wrong'. in -that it prolonge the conflict 
'and, in the end,causes more loss of life, suffering and pl'Qperty damage and incurs 
the risk of.losing~ The use of forc~ must be-delicately balancedj,to use too much is 
irresponsible, t{) use too ,little is,wrong. We ,should reserve to our fighting forces, 
and to our'~Commander in Chief, the right to make such use as is necessary of such 
taotical weapons 8$ they may need to"win:a; war in whioh ~e'might be engaged;. 
or at least, to keep the war going at.a controlled level untn such time ~ they have, 
by other means, obtained the' objeotives of the confrontation. ' 

One must also address the, question of whether or not geophysical warfare would 
constitute cruelty. All war is bad and counterproductive. usually Wf»'S_ are fought 
with high explosives, projectiles and other products that have a deleterIous effect 

. on personnel. ,Would It be less cruel to immobilize an infantry -company with ex­
ces,ive .. rainfall than it would be to burn them wIth Napalm or destroy them with 
bombs? If they would be kept out of the fight and.not be permitted to hurt them­
selves or othersjwould it not. be better than· killing them? Thes. people willcer­
tainly obme' in nandy during the. reconstruotion w-hen the, damage oaused by con~ 
ventional'weapons must:be repaired.'and their-country·rebuUt. " . 

Alnother type of geophysicol warfare·that has two sides to it·might be. the manu­
facture of a long:term'ohange'in 'climate. Two. sides,- because it eould be used to 
harm or to··aid.a potential enemy. Assume for ,the minute that a large oountry 
exists in which a non-oirrigable orop must 'be planted and matured" 80 that the ~t:)un .. 
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try 'has adequate fO,od and foreign exchan~e. It might, to take·a, negative vi~wpoint, 
be advantageous.to cause heavy rain durmg planting season to pre,clude sprouting 
and growth and then to cause severe and protracted drought during the growing. 
Be~on. This c0uld conceivably ,cause a crop failure and bring our hypothetical 
,en~y to his economio ~nees. First we would have to be able to do it aQ,d we now 
cannot. Secondly, we would have to get them to hold still for It-thiS might not be 
possible. Thirdly, world opinion, if the effort were discovered, and it almost cer"'; 
tainly would be, would force the aggressor to desist, perhaps too late for tha t 
season..!. but the impact of world opinion might be such as to. make such aotion 
unprontable. 

On the other hand, it -might just pe possible to beneficiate the olimate of the 
place to the point where the potential enemy couI'd have such an adequate econo­
mic base that be would have too much to lose by engaging in war. Let us assume 
that a large country was, because of overpopulation, poor ,soils and protracted 
drought1 in such a position that it was ,a wasteland populated by starving hordes. 
With wnat is now known in agriculture, land management, water management 
and weather modification, it might well be possible to help that"country obtain 
a viable economic status and' supply its own needs. In the end, this might well 
result in improved world relations. Whether to do this or not is a matter for that 
country involved to decide. On the other hand we might wish to help them. 
With their consent _and cooperation one might call upon U.S. military forces to 
undertake a large share of the weather modification work because they _ would 
have the .capability and equipment to do so. T~e trained and disciplined pers~nnel 
could do It more capably than an ad hoc -collectIOn of resources. Thus the mihtary 
could be used constructively in foreign affairs, doing the very things that the 
proposed treaty would not let them prepare for. In a well run country, the armed 
forces are a tool of the makers of foreign policy; we should keep this tool sharp 
and available. 

,. I should now like to address another aspect of such a treaty. Would small 
scale violations be detectable? Would the treaty be enforceable? The answer 
to both questions is in doubt at the present time. Unless adequate intelligenoe 
were available so that we could learn of the preparations and p'lans ,for suoh an 
adventure it is-Unlikely that-a violation could be detected untIl it was ,too late. 
There is nOW.no way, to tell if a storm has been seeded. 'It is true that the seedinfJ 
agent ~ht possibly be detected and identified. With what technology now 
exists, it 18 extremely difficult to do so because the air allover the world is so 
polluted by heavy metals that,the augmentation of heavy\ metal 90ntent of rain 
caused by cloud seeding could not be told' from that already present. The scienoe 
of weather prediotion is not yet so exaot that small changes preduced by weather 
modification could be detected. Were such changes en a subcontinental soale 
they would probably attract attention. ' 

Were they to attract attention we Should be faced with the problem of calling 
the. malefactors on..it. Would this be settled easUy by diplomatic negotiation or 
would we be obligated to make them quit? 

In order to prevent violation of such a treaty, we would have to spend a fortune 
finding means of detecting such activ-ity' and, proving that the treaty was not 
being .obeyed. An example comes to mind in the field of seismolpgy, where in . 
order to detect violations of a treaty involving testine of nuolear weapons, millions' 
of dollars were spent developing a se_isIlitc, detectIOn system. The technology 
developed to -detect, atomic _ exp,losions ·is· in part applicable to earthquake, work 
but the soience of seismology aedioated' to study of earthquakes.reoeived much 
less attention, and still does to a very large extent, in spite of the fact that a large 
earthquake anywhere in -the country wculd be_ ',a civic and economio disaster of 
outrageous proportions. i _ . ,. 
, 'In closing, I would. like to thank yomfor,the chance to. make my ideas known 
and to acquaint yoU with the work of my organization. I feel that the things we 
have done have ~een good and have been a wor,thwhile.expel).diture of the govern­
ment's money- and our time. That'we are in a Navy laboratory has)faoilitated,the 
work we have done and I really feel that.it probably would not have been done as 
soon had not the Naval Ordnance Test station: decided to go ahead ,in a new field 
that at the time was.olearly/of .. ·more:generaI and, humanitarian: interest than mill-

.
tary util~ty. Eventually, others would.have'done the_same :things and {>erha.ps done 
them .better. We- have, however, -been a force in shaving the direotlon in ',which 
weather modifioation'in this 'country, has gone, and I believe that it ,was a good 
direction.-· It has been a pleasure for 'us to, work with the, other federal agenci~s 
in the development of their own· programs,to use the things they tufp.ed out and 
to 'see ,them use, ours., I believe, you, wiU a;gree wit)} me that ,the hUn;l8.Q.itarian' uses 

., .,.of,tha,things, lWeJla""doneJn ... ,NavaiLabore.toryhlwe beenworthwhUe. 
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Let me say that if we must have a treaty, 'let us write. another one eschewing 'all 
forms of violence as 8.' means of settling disputes. If we can't 'do that, and if we 
must have the proposed treaty, let us So write it that: 

(1) Tactical use of geophysical ,weapons be permitted for the benefit and prOM 
tection of our fighting forces. ' 

(2) Strategic use be limited, when and if it becomes a reality, to' peaceful 
application by mutual agreement of the countries concerned and- the- concurrence 

.·..--of such neighbors as may also be affected. 
(3) That military forces be used in such cOIlBtrllctive efforts if it is to advantage 
~~- . Thank you. . 

S~nator PELL. Our next witness is Dr. Gordon MacDonald, the 
Henry Luce Professor ·of· Environmental Policy and Stud~ of Dart­
mouth College, a former member of the Council. on EnVlronmEmtal 
Quality, and I must say he looks much more refreshed and.invigorated 
and younger than when I last saw him. 

STATEMENT OF DR. GORDON 1. F. MaoDONALD, DARTMOUTH 
COLLEGE, HANOVER, N.H. 

Mr. MACDoNALD. University life today is far different than it was a 
few years ago and certainly much more pleasant than life in Govern-
ment, I can assure you. ' 

NEED FOR INTERNATIONAL, AGREEMENT , 
. I welcome this opportunity to discuss with you certain aspects of 

·weather modification and in pll.rticularthe need for an international 
agreement prohibiting the use of weather modifioation as a weapon of 
war. 

The action taken by the Senate on ,July 11, 1973, l?assing Senate' 
Resolution 71, was a much-needed first step toward achIeving such an 
agr~ement. It is it! 1p:)' view mostunfortu!,ate th.at the administration 
~as not sought to Imtlate those'step~ reqUIred to Implement the resolu­
tion. 

INDICATION.S UN.ITED STATES WOULD BE JOINED BY OTHER COUNTRIES 

I believe the time is particularly appropriate for the United States 
to take a new initiative in this area. A number of· contacts over the 
past year have convinced me that we would be joined in this under­
taking by 'alarge number of countries, in9luding the U.S.S.R. 

One example where such contacts were made was the VII Dartmouth 
Conference. This unofficial meeting was held 'during the week of 
December 3); 1972, and. a number of high-level Soviet officials partici­
pated: The l:ioviet co-chairmen were E. K. Federov, a. member oithe 
U.S.S:R.Academ)' of Sciences .and Chief of the Main Directorate of 
the Hydrometeorological Service of the U.S.S.R., and G.A. Zhukof, 
.Pravda commentator and D.eputy to the Supreme Soviet of the 
U.S.S.n. 
. The U.S. delegation included a number of your colleagues from the 
other House, William Ruckelshaus, then Administrator of the ,En~ 
vironmental.Protection A~ency but not acting in his ·official capacity, 
and- a group of distingUIshed private citizens from the industrial, 
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financial, and scientific worlds. The joint communique makes specific 
reference to geophysical warfare and I quote from the communique: 

The participants in this meethig completely reject the US~ of -chemicaJ, biological, 
or nuclear mea.ns of mass destruction. They also reject attempts to make use of 
man-made environmental change as a means of waging war, and urge that an 
international agreement be sought renouncing the development and use of such 

'weapons . 

. This) I believe, is a strong endorsement of the principles contained 
in Senate Resolution 71. Since that meeting I have on sev~ral occasions 
met with Soviet Academician Federov and am certain that'he hOlds 
today the views expressed in that communique of over a year ago. 

Senator ·PELL. I must add I raised this question also with Mr . 
. Brezhnev when we had our meeting at the Blair House. He did not, 

make any substantive reply but it is a subject I am glad that you did 
discuss with the Soviets. ' 

Mr. MA.cDoNALD. My last meetings with Academician, Federov 
were at the end of June, and then again early this fall when he was here 
chairing the Soviet delegation on the United States-U.S.S.R. Environ­
mental Agreement. On both occasions he expressed the views to which 
I have referred. . , 

In view of these informal contacts and others, it would seem a most 
propitious time.for the United States, together with other nations. to 
advance a treaty much along the lines of that contained within Senate 
Resolution 71. 

ROUTES TO ACHIEVING TREATY 

A number of routes could be followed to achieve suoh a treaty. For 
example,action could be initiated through a U.N. resolution such as 
has b,ean passed on other arms control issues. Alternatively the 
United States and U.S.S.R. could call a conference under 'u.N. 
auspices to negotiate the details of the treaty. Or the latter course 
could follow on the passage of an appropriate U.N. resolution. 

REASONS TO SEEK UNIVERSAL BAN 

, The~e are a number of ~easons to seek a ~niversal ban on .this new 
method of warfft\'e. While these reasons have been discussed in detail 
in previous hearings, I believe it important to reiterate them. 

Science and engineering of weather modification have no.t advanced 
,to such an extent that all effects are predictable. Actions, such as 
rainmaking, which are taken to achieve' a localized advantage" may 
have far-reaching and unforeseen:effects. " , . . 

Second, weather modification, whether it is simple rainmaking or the 
much more complex and poorly··understood steering oistorms or 
disbursin~ climates, would certainly involve oivilians and nonmilitary 
facilities maddition to the presumed military targets. , '. 

, The, generall,Y accepted, although 'often VIOlated, rules of war pro­
hibit making CIvilians an avowed or obvious object of an attack. 

A third and very significant point is that the widespread acceptance 
of tec~n.iqu~s of geophysical warfare as legitimate wO\Ild further blur 
thedlstmotlOp. between conventional and unconventIonal me'i!ns of 
warfare. ' 



'Deficiencies both in the basic understanding of the physical processes 
of the envirQnment and the technology of environmental change, tQ 
which I have referred, make it highly unlikely ,that environmental 
modification will be an attractive weapon system in any direct military 
confrontation, at least in the near futUre. '... . ' 

Man already possesses highly effective tools to achieve destruction. 
Eventually,hQwever, means other than open warfare may be used to 
secure national advantage. Widespread, unconventional guerrilla 
attacks such as we have witnessed over the past few years illustrate 
how the definition of war is changing. As economic competition among 
many advanced nMions heightens, it may be to a country's advantage 
to insure a peaceful, natural environment for itself and a, disturbed 
environment for its, competitors,':," ,'" ,', ' ',' :" '" ',' , 

0l'erationsprodnciIig such conditions might be carrie(f!)ut covertly 
sinc(\'iiature's great irregularities permit storms, floodS" droughts, 
earthquakes, and tidal waves to be viewed as )Inusualp)lt not, un­
expected, Such' a secret war need never be declared or known by the 
aifectei;! populatiol!s. It could g~ on for years with only the security 
forc,es mvolved bemg aware of It. The years Of drought, and storm 
could be attributed to unkinilly nature and only after a nation was 
tho,:oughly dramed would .a,!- .armed takeoyer be attempted. . .' , 

, Fmally, even the l?ossIbihty that natIOn-states mIght VIew en­
vironmental modificatIOn as a weapon of wat casts suspicion on the 
legitiIIIate development and use of environmental modification for 
peaceful and beneficial purposes.' , 

Indeed, the apI>earance that a country or countries are undertakmg 
, research tha;tcould lead to weapons of war might very well lead ,to 

the breakdown of the century-old tradition and practIce of sharing 
meteorological data. T)lrough agreements between nations and 
through the activities of the World Meteorological Organization, ,a 

, specialized United Nations' agency, virtually all cO)lntries of the 
world freely exchange atmospheric data. This makes it possible for 
the weather services of individual nations to provide the much needed 
forecasts. 

If the United States were to be cut off from observations taken by 
other nations, particularly from those m the nor~hern hemisphere, 
there would be severe economic consequences, the magnitude of which 
is,difficult to, estiIIIate. . 

J-trsTi1\'IcXTION",FOR INTEJiNAT~ONAl1 riISOUSSIO~S t;)F ~ATIi:ER 
l\o(ODIJ;'IOATIONS 

Inadd~1iion to reasods directl~ .1onnected with warf~~, I believe 
interna,tioiilll discussions ofweathi)T'modificatii)iIs are jUB£ifiedin'two 
,other imjlortant,,*ays.:",' ':"''>', . ',' ',' '. "', ' 

Today countries are undel'ta:king weather modificati6n operations 
as opposed to experiments. The issue may well arise as to whether or 
not such operatIons are advantageous or disadvantageous to neigh-

, bormg countries. ' 
, Seedmg m,the high Cascades in order tomerea;se sno"1)ack maybe 

perceived .byourCana,dian neighbors as jlossibly, affecting. their 
weatherorclmiate; Yon .elm imagiMcountlesshtheF'scenarios in 
~hichactivi tie,S in bne country riilght'Pos~lbly aff!l'ct the en vironm.ent 
mllnother.' . , ' , ,. , 
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Unless satisfactory international instruments exist, misunderstand­
ings and tensions could arise. 

Second, certain proposed weather modification experiments such 
as a continuation of Project Stormfury in the Pacific would require 
the cooperative efforts of 'several countries. Again, early discussions 
among countries which could possibly be affected by such ol?erations, 
or discussions with other countries that would wish to participate in 
the 'development of that technology, would be of great assistance in 
carrying such programs forward. 

QUESTIONS RAISED BY SENATE RESOLUTION 71 

Senate Resolution 71 does raise a number of questions. For ex­
ample, it is likely to generate controversy over whether the ban on the 
use of weather modification should cover fog dispersal. Fog dispersal 
can and has been used to permit landings and takeoffs of warplanes 
under conditions where such operations would not be possible. ' 

From time to time, there have been comments in the press that the 
United States has used fog dispersal to rescue downed pilots during 
the Vietnamese conflict. There are those who would argue that the 
us~ of fog d.ispersal opens up the possibility for the use of more dam­
agmg techniques. 

I would argue for the opposite view, p'rimarily because many of the 
techniques for fog dispersal are dissimilar to' those used to enhance 
precipitation or bring about 'other changes in weather. For example 
the use of propane for cold fog dispersal and the use of other ohemlCai 
agents for wa~m fog dispersal is quite unlike the use of silver iodide 
in increasing rainfall. 

A second problem is the 'ever-present question of verification. Cer­
tainly, weather modification experiments on a small scale ,can be 
carried out covertl:),. However, eVen on a relatively sma)! scale, a 
cloud-seeding expenment might be detected at distances as great as 
100 kilometers or so because extremely sensitive techniques have been 
d~veloped that could measure fluctuations in silver content of rain or 
aIr. 

Furthermore, acceptable arms control agre\lIDents do not require 
the ability to detect every violation-only major ones. A variety of 
techniques, including currently accepted national techniques of 
verification, could be applied to deterniine whether or not a nation , 
has underway a covert weather Or climate modification research and· 
development program. , ' 

In moving toward such a treat:r as advocated by the Senate, we 
should remember that the politictl.j, legaj,economiq, andso!Uological 
cow;equences of' deliberate' enviromi;lerital modifice.tion, even for peace­
ful purposes, will be of such complexity that perhaps all ,our present 
involvement in nuclear affairs will seem simple by comparison. 

Our understandmg of basic environmenttil sciencee.nd technology 
is primitive. Still more primitive are our notions of the proper poli,'tical 
forms and procedures to deal with consequences of modification. 

The experiences before and at the Stockhohn U,N. Conference on 
the Human Enviromnent demonstra,ted the problems of dealing with 
inadvertent modification of the,environment. All experience shows that 
less siJDlificanttechnological chllnges than purposeful envirQnmental 
contro1 finally transform political and sooial relationships. Experience 



54 

also ShDWS that these transformations are not necessarily predictable 
and that the guesses we might make now based on precedent are 
likely to be wrDng. 

It would seem, however, that th~se nonscientific, nonteohnological 
problems are of such magnitude that they deserve cDnsideration by 
nations throughout the world if.society is to live comfortably ina more 
controlled environment. 

SENATE RESo.LUTION 71 IMPo.RTANT Co.NTRIBUTION 

It is in this sense that I believe Senate Resolution 71 is such an 
importantcimtribution to that goal. I strongly hope that these hearings 
pravide the necessary encouragement for the admmistration. to. proceed 
m a major diplo.matIc effort to bring.about a treaty banning the use of 
.methods of environmental modification for· hostile purposes. 

Thank you, Mr. Ohairman, and.! wo.uld be glad to respond to any 
questions. . 

Senator PELL. Thank you very much, indeed. 

SENATE PASSED SENATE RESo.LUTION71 BY 82 TO. 10 

Apropos the support for the Senate resolution, I think it should be 
borne in mind that the administration is opposed, .as. we both ·know, 
to) the enactment of it and had an amyle chance to make its views 
known to the Foreign Relations Oommlttee and to the Senate .. There 
was substantial debate in. which the administration made its con­
tribution, and yettheilenate, which is not a stupid body, after 
actually considering the pros and cons of it, as sensible men, some 
wearing the American flag in their buttonholes, others just as good 
Americans not wearing the flag in thehuttonhole, together .collectively· 
we de.cided 82 to. 10 that we sho.uld move ahead in this direction. That 
is· a pretty good jury and prett:ygood decision when you have exposure 
to. both sldes and both viewpomts. 

POTENTIAL ENVIRONMENTAL AND. GEOPHYSICAL. WEAPONS. 

I was wondering if you would give.· us· a.little laundry: list, check· 
them off,one, two.,three, four,. fiv.e,. of what,. are potential. Bnvfuon­
mimtai and geophysical.weapons;.! rememberreadm~ ancar,tiele.you 
wrctoocthat );lad such· a.,laundry}istvau!;!'·} waswomiermg'if::you, .,",:oulm .. 
refresh.my memory WIth-that.bst·, and, if there' had. been.anyaddltlOnal 
weapons .. addedin. ',' .:.r' '. . •• 

Mr. MAcDONALD. WecouldC'ertainly.start :with modification .. of 
ppecil?itation; I.think .• the.enhanc~,tof"PI.'eoipita~. a:teclm~ 
that lSathand,and we can U88: It today if we so WISh forpractlc81 
purposes. WhethetlOl'llot itcouldJb&used.o"6ll':a·l'mgterm·.fonetvat.egic,·· 
pU1'poses'isa tnatter:of'debate. . . 

Unlike the previous witnessi' I· da .believe . thaL there' hltv.e" been ' 
advances in the understan/ilingof'the.me",hanics astoliowearthquakee 
come' abouti · how·.eM'thquakes might be.initillt8d;llendliowtheymight. 
beavoided,. '.. . . 
'Th&experien(\ej1ll:~beR'!>Gk:¢MQu!ltahl',ArsBnal, ;inwhich fhlid$ .. wsn8.: '." 

mjec1ied, demonstrates how mltn'C!Jil1·tl'igger earthquake,,:' EXPeriences' 
'WJth thl) Rasilliston'experiment furtberdemonstrat8a very close 
connection With fluid injection and; the. setting off. of:earthquakes •. 



I believe that, once we achieve this better understanding of earth­
quake, it wo,u]d be possible 'to generate large tsunami waves that could 
be used as weapons of war. We have a much better understanding of 
the high atmosphere and pf the role that the very important molecule 
ozone plays ,in the high atmosphere. , " ' 

I can im~e ways that we could remove the compound from ~he' 
atmosphere, Increase the intensity of ultraviolet radiation, and through 
covert means select the parts of the world where enhanced ,ultraviolet 
radiation would have adverse effects on all biological life. 

In fact, I think if you look at any aspect of the environment any­
where,you can eae we are beginning to'develop a technology that can 
influence that part of the environment. You have a potential weapon 
of,war;andr that is why I think it is, 'so important to stop right now 
before those;;,technGlogies devEilop."Theyaie not developed now 
except to theJitpited extent of precipitation modification. ' ' , 

If we agree on an international blisis, however, that we should not 
go ahead and develop these techniques for hostile purposes, then I 
think we have made an enormous advance. 

Senator PELL. To add to your laundry list of potential weapons, 
you would also have the melting of icecaps. Wh!>t other ones might 
you be able to tick, off as being possible development in the future? 

Mr. MACDONALD. I think the ICecap potentially could bring about 
worldwide changes of climate. Another possibility is to melt the b()ttom 
of the Antarctic icecap and cause tidal waves of one sort or another 
by having the ice slide more rapidly out into the ocean than it other­
wise would by providing a heat source at the botton Of the ice. 

One can imagine certain kinds of modifications of the electrical 
behavior of the atmosl'here that might possibly influence the activities 

\. of individuals through interaction WIth what is called the alpha 
activity of the brain. 

There are just countless examples, as you said, a laundry list. I give 
you five or six kinds of ways Olie can think but basically what I am 
saying is that any time you alter the environment, whether it be air, 
water, or the electric magoetic cohditionsunder which you live, you 
have a potential weapon. ' ' 

WITNESS' ARTICLE 

Senator PELL, Without objection, I shall insert intbe ,record the 
article that you wrote, of )Vhich maybe you would send us"an extra 
copy. , ' , 

Mr. MACDONALD. I would be delighted to do so. This go~sbltck'to 
1966. ", "" 00 0 0 :" • 

[The inforrtrlltion referred to follo:Ws:] ; 
.. . '-, !"\ t. °i \ I '. t i) ,i ,;c"', I,,, .,' : _", I. _' i. . - '-,.;; _ \' '. 

[fl!~m 'lUnl.',Peaee',Cow._;-"/ N1gel 'Oalft~l.~~.}·)~e::V$~tng PreslJ, ,~~~" t9~81: '; '; 
How To, WREOK THE ENVIRONMENT " 

. (By Gordon J. F. MacDonald, Unlted States)' 

Professor MacDonald Is aesociatedireotor 6fthe Instituteo! ~ophyslos 'and 
Planetary Physlos at the .University of Californla, Los Angeles •. HiS reSearohes' 
ha.ve embraced a ,:remarka~le diversity of ,na.tural,phenOlnena, a.nd his p,rofeseional 
interests are: further extended by h1spa~tioip"tion in. natlqnal science. poUoy­
n1ak\tig., He 'is' .. nlember of 'President 'Jolinson. Sol"noeAdVisQ~y Clin1Iil1tte.;'" 

,"." . '.~ '"~.,' .. ', 1 ;i'l i "",',:'1 ,~; >";\.;;--, ,"," ,f,' "'f ,,'~"I; '" ;;., .. " 
" " J, I, U:',. '" j" \ :.~ ~.,: ' .. ' 



Among future means of obtaining national 'Objectives br force, one possibility 
hinges on man's ability to control and ,manipulate the enVll'onment of his planet. 
When achieved, this power over his environment will provide man with 'R new 
force capable of doing .great and 'indiscriminate dam~e., Our\present primitive 
understanding of deliberate environmental ohange makes it difficult to imagine a 
world in which geophysical warfare is practiced. -Such a· world might, be one in 
which nuclear weapons were effectively banned and the weapons of mass de­
struction were those of environmental. catastrophe. Alternatively, I can ehvisa~e 
a world of nuclear stability' resulting from parity in such weapons, rendered 
unstable by the development by one nation of an advanced technology capable 
of modifyin~ the eru-th s environment. Or geophysioal weapons may be part of 
each nation s armory. As I will argue, these weapo.ns are peculiarly suited fDr 
covert .or secret wars. 

Science-fiction literature contains many suggestions o.f ho.w wars wo.uld progress 
'if man .indeed PQssessed the ability to. change weather, climate, cr ccean currents. 
Many of- these ficticnal suggesticns, an:d other mcre -sericus discussicns, fail to. 
take into. account the limitaticns cf nature. Jules Verne gave a detailed discussiDn 
Df displacing the earth's po.lar caps, thus making the world's, climatic zones more. 
equitable (Le8 Voyages E:ctraordinaire8; Sans Dessus De880U8, Metzel 1889). 
Verne's proposal was to,eliminat~ the twenty-three-degree tilt in the earth's axis, 
putting it at right angles to. the sun-earth plane. However, as Verne co.rrectly 
pointed out in a subsequent discussion, the earth's equatorial bulge st{tbilizes Dur 
planet, and even the launching Df a 180 OOO-tDn pro.jectile wDuld prDduce ,a dis-' 
placement of Dnly Dne-tenth cf a micrcn. Senato.r Estes Kefauver,' Vice-Presidential 
candidate in the 1956 American electicn, rediscovered Verne's original proposal 
and was seriously concerned with the tipping of ,the earth's, axis. He reported that 
the earth's axis could, as the'result of an H-bomb explosion, be displaced by ten 
degrees. Either Senatcr Kefauver or his scientific advisers neglected the stabilizing 
influence of'th.e earth's bulge. The'maximum displacement that can be expected 
from the explosion of a one-hundred-megaton H-weapo.n is less than,cne micro.n, 
as Walter Munk and I ppinted out in cur bo.Dk, Rotation of-the Earth (Cambridge 
University Press, N:ew York, 1960). _ ' 

Substantial progress within --the environmental sciences is -slcwly cvercDming 
the gap between fact and fictiDn regarding manipulatio.ns of :the earth's physical 
environment. As these manipulations beccme pcssible, histcry shows that attempts 
may bo' made to. use them in suppcrt of natiQnal ambiticns. To' consider the 
·ccnsequences cf envir0nmentlll modificaticn in struggles amcng nati.ons,. we need 
to. cDnsider the present state, of the subject and ho.w pcstulated develcpments in 

~ the field cculd lead, ten to. fifty years frDm. ncw, to. weapons systems_ that would 
use nature in new and perhaps unexpecwd ways. 

The key to. gecphysical warfare is the identification/ of the envircnmental 
. instabilitie~ to. which the additicn cf a small amcunt Df enorgy wculd release vastly 
greater amcunts Df energy. Envircnmental instability is a situation'in whioh nature 

. has stored eneFgy.in SDme part of the earth cr its surr.oundings far in excess cf that 
which is usual. To. trigger this' instability the required energy might be introduced 
violently by explosions ·cr -gently by small bits of material able to. induce _rapid 
changes by acting as catalysts, cr· ,nucleating _,agents. The mechanism for_energy 
storage might be -the aocumulation cf strain cver hundreds of millicns of years 
in the s. cUd earth, or the superoooling"cf water vapcr in- the a.tmosphere. by up­
drafts taking place cver,a few tens of ' minutes. Jl.lffects cf releasing this energy 
-could be wDrldwide,.as in the ca~e cf altering' olimate, or regicnal, as in the case~of 
locally excited earthquakes ,or,enhanced:precipitat~on. 

WEATHER MODlFIC!ATlON 

The earth's atmosphe;re is an enve]Qpe,'cf aIr t'hat ,rotates, .for .the most .part, at 
the same speed, as the' underlying coniin~nts. and oceans. The,:relative _ motion 
between the atmospher.e and the eartbarhles fr.om 8curc~ 4nd sliiks,cf energy that; 
yary in looaticn and streng.th but whi. oh havet as their ultimate s'o. urce, the ,Emn's 

'radiation. 'The quantities Df energy involven in weather systeIXls ,exceed by a 
substantial margin tbe quantity cf energy llndennan's-dir(l:ot ccntrot- For instance, . 
the typieal amount cf energy expended ih, t .. single,t.Qtna'do funneUs equivalent to. 
about fifty kilctons of explcsives; a" single thundei"f5tcrm tower -exchanges abcut 
t~n times thid mtlch energy during its .liCetimej an- At1atitie-burrioa~e ,cf mcderate 

. size may dr,aw"from the'sea. mcre. than- 10QU megatons of ,energy. "hese vast 
quantities of energy make. it unlikely that brute-force techtliques. will lead to 
sensible·-weather:modification. 'Results cculd be aOhieved, .however, by working 
on the instabilities'in ,the atmosphere. . 
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We are now beginning to understa.~d sevard kinds of instabilities in ~the stmos· 
phere. Supercooled. wa,ter droplets in cold :clouds a~ unstable, but they remain 
liquid for substantial periods of time unless supplied with nuolei on which they 
can freeze. Convel"3ion of water droplets to lee through the introduction of artificial 
nuolei can provide a local source of energy. This released heat can cause rising air 
cnrrents, whioh in turn lead t,o further formation of superoooled water. This 
prooess may lead to _~ainfull at the ground greater than that which would have 
been produced without the artificial nucleation. A second instability may arise, in 
which water vapor oondenses into watE':r, again affecting the distribution of semdble 
energy. On a larger scale, there i!'5 the so .. called,baroclinic instability of atmospheric 
waves that girdle the planet. Throngh the imbalance of heat between equator and 
pole._ energ~T in this .instability is stored, to be released in the oreation of large 
cyclonic storms in the temperate zones. There are other, less well understood 
instabilities oapablE' of affecting olimate, I shall return to them later. 

What is the present situation with respect to weather modification and what 
might 'be reasonably expected in the future? Experiments over the fast eighteen 
years have demonstrated unequivooall~r that olouds oomposed a superoooled 
water droplets can be transformed into ice~crystal clouds by seeding them with 
silver iodide, Hdry ice" ,(frozen carbon dioxide), and -other suitahle chemical agents. 
This discovery has been applied operationally in the clearance of airports covered 
by supercoolE'd ground fog. No analogolIs technique has yet evolved for clearIng 
warm fog, although several promising )eada are now bE'ing investigated. In the 
case of warm fog, the atmospheric instabHity is that water vap()r distributed in 
small drops contains more surface energy than the same water distributed in ,large 
drops. The trick for clearance of this warm fog will be to discover Rome way of 
getting t,he smaH drops to organize themselves into larger ones and then fall to 
the ground. " 

There is increasing, though inconclusive, evidence that rainfall from some types 
of clouds and storm systems in temperate regions can be increased by ten to fifteen 
pel" cent by seeding~ Somewhat more controversial evidence indicates that pre~ 
cipit,ation can be increased from tropical cumulus by techniqu~s similar to those 
employed in temperate regions. Preliminary experiments on, hurric.anes have the 
aim of dissipating the clouds surrounding the eye -of the storm in order to spread 
the energy;of the hurricane and reduce its force. The results are controversial but 
indicate that seeding can) in certain circumstances, lead,to a marked growth in the 
seeded cloud. This possioility may have merit in 'hurricane modification, but ex-
perimentation, has not yet resulted in a definitive statement. I 

Regarding the suppression of lightning there is mixed but iargely promising 
evidence that the frequency of cloud~to-ground strokes can be reduced by the in~ 
troduction of "chaff" strips of metalUc foil of the kind used for creating spurious 
echoes in enemy radars. . 

In looking to the future, it is quite clear that substantial advan'ce8 will be made 
in all of these areas of weather modification. Today, both military and civilian 
air transport benefit from progress in the clearance of ground fog. Further progress 
in tl;te technology of introducing the seeding agent into the fog makes it likely 
that'this type of fog dispersal will become routine. In a sense, fog clearing is the 
first military application of deliberate mahipulation of weather, but, it is, of course, 
very limited. 

Large field programs are being undertaken in the United States to explore fur~ 
ther the possibility of enhancing precipitation, particularly in the w~tem and 
northeastern states. On the hlgh ground of the western st~tes, snow from winter 
storms provides much o{ the .country's moisture. Inv~stigations are under wa.y to 
see if seeding can lead to an increased snowpack and thus enhance the water re­
sources. Intense interest in this .form of weather -m'odification coupled with an 
increased, investigation of the,physics of clo_ll:cJs, is likely to lead to effective cloud 
modificl>tion. witliill the. next five tofifteen:'years. At I'reaent the effects are meas­
ured only statistic~lly, and too little has b~eIl done in cloUd observation before and 
after seeding in the way of preciscly pinpointtn:g whioh clouds are most likely to 
be affected. 

As' far as military applications are concerned, I conjecture that precipitation 
enhancement would ,have-a limited value in classical tactical situations. and then 
only in the future

c 

when'controls are- more-thoroughly .understood. One ,could",for 
example, imagine fi~ld commanders calli1},g for local enhancement of precipitatio'n 
,to cover or impede Various ground operations. An alternative use of cloud seed­
ing might be applied strategically. Weare prBSentlyuncertain about the effeot .of 
s •• ~iilg on precipitation down. wind from 'the seeded clouds. Preliminary anaiysis 
suggests that. there is no effect 20(}-300 miles down wind, but that continued· seed-

.iJ>g.over.A long .~tretoh.of.dty.land cl • .."ly . .could remo"". sufficient moisture to pre-
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vent rain 1000 niiles down wind. This extended effect leads to the possibility of cov­
ertly removing moisture from the atmosphere so that a nation dependent on 
water, vapor crossing a competitor country could be subjected to years of drought. 
The operation could be concealed by the statistical irregularity of the atmosphere. 
A nation possessing superior technology in environmental manipulation .could 
damage an adversary without revealing its intent. 

Modification of storms, too, could have major'strategic implications. As I have 
mentioned, 'preliminary experiments have been carried out on the seeding of 
hurrioanes. The -dynamics. of hurricanes and the mechanism by which energy is 
transferred from the ocean into the atmosphere supporting the hurricane are 
poorly understaod" Yet various schemes for both dissipation and'steering can be 
imagined, Although hurricanes originate in tropioal regions, they can travel into 
temperate latitudes, as the residents of New England know only too well. A con~ 
trolled hurricane could 'be used as a weapon to terrorize opponents over substantial 
part. of the populated world. 

It is generally supposed that a hurricane draws most of its energy from the sea 
over Which it passes. The necessary process of heat transfer depends on wave action 
that permits the, air to come in contaot-with a-volume of water. This interaction 
between the' air and water also stirs the upper layers of the atmosphere and permits 
the hurricane to draw on a substantially larger reservoir of,heat than just the warm 
surface water. There may be ways, using monomolecular films of materials like those 
developed for covering reservoirs to reduce evaporationJ for decreasing the local, 
interaction between sea and air and thus 'preventing tne ocean from providing 
energy 'to the hurricane in an accelerated fashion. Such a procedure, co~pled -With 
selective seeding, might provide, hurricane guidance mechanisms. At present we 
are a'long way from having the -basic data and understanding necessary to carry 
out such experimentaj n(;!vertheI6!!ls, the long~term possibility of developing and 
applying such techniques under the cover of nature's irregularities pr.esents a dis­
quieting prospect. 

CLIMATE MODI1I'ICATION 

In considering whether or not climate modification is possible, it is useful to 
examine climate variations und~r natural conditions. Firm, geological evidence 
exists of a lon~ sequence of Ice Ages, in the relatively r~cent past·, which sho'ws that 
the world's climate has been in a state of slow evolution. There is also good geo­
logicl\l archeologioal, and historical evidence _ for a pattern -of smaller, more ' 

. rapid fluctuations superimposed on the slow evolutionary 'change. For, :example; in 
Europe the olimate of the early period, follow,jn~ the last Ice A:ge was continental, 
with hot summers and cold winters. In the SIXth millennium B.C., there was a 
change to a warm- humid climate with a mean temperature of five degrees Fahren­
heit higher-than ,at present and a heavy rainfall that caused, considerable. growth of 
peat. This period, known -as a climatic optimuIn, was aooentuated in Soandinavia 
by a land subsidence that permitted ,a greater influx of warm Atlantic water,into 
the large Baltic S~a. 

The clim~tic optimum WM peculiar. While on the whole there was a v~ry gradual 
decrease of rainfall, the decrease was interrupted by long droughts during whioh 
the _surface peat dried',- ThiA fluotuation ooourred several times, the main dry 
periods being from 2000 to 1900, 1200 to ,1000" and 700 to 500 B.C. The las1 a 
dry ,heat wave, lasting approximately ~200 years, was the best d,eveloped.' The 
drought"though not suffiCiently 'intense to, interrupt.the. steady development of . 
forests, did oause extensive migrations of peoples from' drier to ,wett~r regions. 

A change·to oolder..: .. and wetter .conditions occurred in· Europe ,ab9ut 500 B.C. 
and was by far the greates\> and most abrupt alteration in 'climate since the end 
of the lAst Ice Age. It had a catastrophic effect on the early civilization of Eur.ope: 
large 'areas of forest were killed by the rapid growth of peat, and the levels of the 
Alpine 18. kes Tose suddenlYJ flooding many of the lake settle. ments. This climatio 
change did ,not last longj "oy the beginning ,of the Christian erl)., conditions did 
not differ greatly from current ones, Since then climatic variations have continued 
to occur, and although none has been',as dramatic as that of 500 RC., a pertur~ 
bation known as the little ice age of the seventeenth century is a recE;!nt note~ 
w_orthy example, The cause of these hist,orieal changes in climate'remains shrouded 
in mystery. The rapid changes of climate in the past suggest tQ,many{that there 

.,e:d.st.ihstabilities ai'ffeeting the';balance of solar radiation, 
Indeed, climate is' primarily determined by the~ba;lance 'between the, incoming 

short wave fr()m the sun (prinCipally light) and, the loss of outgoing long..wave 
radiation (prineipally heat). .. 
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Three factor~ dominate the balance: the energy of the sun, the_surface character 
of terr6strial.regions (water, ice, vegetation, deRert, etc.), and the transparency 
of the earth's atmo8'l'here to different forms of radiated energy. In the last COD­
nection, the effect 0 clouds in making cool days and relatively warm nights is a 
matter of familiar experience. But clouds are a manifestation rather than an 
original determinant of weather and climate; of more fundamental significance 
is the effect of gases in the atmosphere, which absorb much'_of the radiation in 
transit from the SUD to the earth or from the earth into space. Intense X-rays,and 
ultraviolet from the sun, toegether with high*energy atomic particles, are arrested 
in the upper atmosphere. Only the narrow band of visible light and some short 
radio waves traverse the atmosphere without serious interruption. I 

There hIlS been much controversy in recent years about conjectured over-all 
effects on the world's climate of emissions of carbon dioxide to the ·atmosphere 
from furJ!.Jl.ces and engines hurnin. g fossil fuels, and some. about ,poss~ple .influences 
of the exhal,lst from large rockets on the transparency of the upper atmosphere. 
Carbon dioxid,8: placed in the ,atmosphere since the start of the Industrial revolu­
tion has prQduced an increase in the average 'temperature of the lower atmosphere 
of a few tenths of a degree Fahrenheit. 'l'he water vapor that may, Q,e introduced 
into the stratQsphere by the supersonic, tM~sport. may also result in, a similar 
temperature rise. In principle it would be .-feasible to ip.tro,duce material into the 
upper ,atmosphere that would .. absorb either incoming light (thereby cooling the 
surface) or outgoing heat'(thereby warming the surface}. In practice, in the rarefied 
and windswept upper atmosphere, the material would disperse rather quickly, 
so that mnitary use of such a technique would probably rely upon global rather 
than local effects. Moreover, molecular material will tend to decompose, and even 

, elemental materials will. eventually be lost by diffusion into space or precipitation 
to the surface. At intermediate levels, in the stratosphere, material& may tend to 
accumulate, "though the mixing time for this part of the atmosphere is\ certainly 
less than ten years and may be a few months. If a. nation's meteorologists calcu­
lated that a general warming or cooling of the earth was in their national interest, 
improving their climate while worsening others, the temptation to release materials 
from high-alVtude rookets might e,ast. At present we know too little about the 
paradoxical effects of warming and cooling, however, to tell what the outcome 
might be. " 

More Budden, ,Perhaps much briefer but nevertlteless disastrous effects are pre- . 
dictable if chemICal or physical means were developed for attacking one of the 
natural constituents of the atmosphere-ozone. A low concentration of ozone 
(Os, a rare molecular form of oxygen) in a layer between fifteen and fifty kilometers 
altitude has the utmost significance for life on land. It is responsible for absorbing 
the greater part of the ultraviolet from the sun. In mild doses, this radiation causes 
sunburn; if the ,full force of it were experienced at the surface, it would be fatal 
to all life-including farm crops and herds-that could not take shelter • 

. The ozone is replenished daily, but a temporary Hhole" in the. ozone layer over a 
target area might be created by physical or chemical action. For example} ultra­
violet at 250 millimicrons wave length decomposes ozone molecules, ana ozone 
reacts readily with a wide range of materials. . 

At present, we can only. tentatively speculate about modifying the short-wave 
radia;tion at its source, the sun. We have discovered major instabilities on the 
sun's surface that might be manipulated many years hence. In a ,Bolar flare, 
for example, 1010 me~atons of ener~y are ~tored in distorted magnetic fields. 
With advanced technIques of launchmg. r.Qckets and setting off latg~ explosions, 
we may sometime in the future learn to. trigger these instabilities. For the near 
future, however, modification will not· be in the' slrort-wave incoming radiation 
but in the long .. w~ve outgoing radiation. '. ' 

The, usual scnemes for modifying climate involve the manipulation·ofllarge ice 
fields. The persistence 'of these large ice fields is due to' the cooling effects· of :the 
ice itself, both in reflecting (rather than abosrbing) incominlli shortwave radiation 
and in radiating heat at· a higher rate than ·the usual ground cover. A commonly 
sugg'ested means of climate modification invo]ves thin layers of colored material 
spre1\d on an icy s.urface, thus inhibiting both the reflection and radiation processes, 
melting the ice,' and' thereby altering the, climate. Suoh a procedure presents 
obvious technical and logisti" difficulties.' For. example, if one wished, to create 
a ,surface coating of as little as' one micron thickness to cover a square 1000 
kilometel'8 in eize,·the total material for,this extremely thin,coating'would weigh 

, a million to:q.s or more, depending upon its density.. , So, tlw proposals to, dust 
from the air some .of the globe's extended ice sheets are. unrealistic and reflect a. 

, brute .. force tec~ique, taking no a:dvantage of instabilities within the Emvironment. 
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Although it may be technologically difficult to change an ice cap's surface 
character, and thus its thermal properties, it may be possible to move the ice, 
taking into account the gravitational instability of ice caps. The gravitational 
potential energy of water as a thick, high ice cap is much greater than it would 
be at sea level. This fact makes it possible,. at least in principle, to devise schemes 
for bringing about a redistribution in the ico. Indeed, A.T. Wilson has proposed a 
cyclical theory for the Ice Ages, based on this instability. 

The main points of Wilson's theory are as follows: 
1. Antarctica is. covered by an ice sheet several kilometers thick. Pressure at 

tho bottom of the ice is -great enough to keep the ice at or near its melting point; 
water is an unusual material in that a pressure increase lowers rather than raises 
its melting point. An increase in thickness of the ice sheet could result in melting 
at the bottom. The resulting ice~water mixtur~ along the sole of the glacier would 
permit flow by a process of freezing and melting-a flow process much more 
effective than ordinary plastic flow. 

2. If suoh an instability occurs, the ice sheet will flow out onto the surrounding 
sea, and a large shelf will be formed between Antarotica and the ocean around it. 
As a consequence, short-wave solar rap.iation will be reflected, and there will be 
enhanced loss of heat by radiation at the long wave lengths, causing cooling and 
the inducement of world~wide glaciation. 

3. Once the ice shelf is in the ocean, it will begin to melt and eventually will be 
removed. ThEY ice remaining on land will be much thinner than before. As the 
reflectivity of the southern hemisphere decreases with the melting of the Antarctic 
ice cap, the global climate will grow warmer again, correeponding to the start of 
an interglacial period. The ice cap will, slowly form again. '. 

Commenting on Wilson's theory, J. T. Hollin has noted the possibility of a 
catastrophic surge or advance of the ice sheet, such as has been recorded from 
small ,Jrlaciers on numerous occasions. The largest surge yet reported is probably , 
that of,the ice cap in Spitsbergen, which advanced up to twenty-one kilometers 
on a front of thirty kilometers sometime between 1935' and 1938.,.There are also 
reports of glacial advances at speeds up to one hundred meters per day. Hollin 
speculates that, once the bottom~melting phase of a gravitationally, ,unstable ice 
cap is reached, it Will move quickly. In addition to trapped geothermal heat 
melting the ice at the bottom, there are additional contributions from fr1cti1?nal­
heat 'generated as the glacier scrapes 'along the solid ground. 

If the speculative theory of Wilson is cOlrect (and there are many attraotiv.e, 
features to it), then a ,mechanism does exist for catastrophically altering the 
earth's climate. The release of thermal ener~y, perhaps through nuclear explosions 
'along the base of an ice sheet, o_ould initiate outward sliding of the ice sheet 
whioh would then be sustained by gravitational energy. One megaton of energy 
is sufficient to melt about 100 million tons of ice. One hundred megatons of energy 
would convert 0.1 cm. of ice into ,a thin layer of .. water covering the entire Antarctic 
cap. Lesset amounts of energy suitably placed could undoubtedly initiate the 
outward flow of the ice. 

What would be the 'consequences of such an operation? The immediate effect 
of this vast quantity of ice surging into the water, if velooities of one hundred 
meters p,er day are appropriate, would be to' create massive tsunamis (tidal 
waves) that would completely,'wreck ooastal regions even _in the Northern Hemis­
phere. There would then follow lllar~~d qhanges ,ln climate brought al?out by 'the 
suddenly changed reflectivity of the ear1ih. At a rate of .one hundr.ed meters per 
day,- the center-of,the ice sheet- would -reach the land's edge in f.orty years. 

Who would.stand to benefitfrotri streh applloation? Thelogical canaidate wo,lid 
be a landlocked equatorial country. An extended glacial. period would insure near~ 
Arctic condi~ion8 over much of, th~ temperate zone, but temperate climate with 
abundant rainfall would be the rule. in, the present tropir.~l ~e~ions. ' 

FUTURE OF WEATHtR AND CLIMA"rE MODIrXCATION 

The foregoing perhaps represent~ a more positive ¥ie", of wea.ther and ,climate 
modification than that held by many earth soientists. I believe this' view is justified 
as it is based on three scientific an'd technolo'gioal advances. First, understanding 
of '·ba.'Sjo -meteorology has advanoed ,to such an e,xtent that mathematioal models 
of the a.tmo~phere here have been- devel~ped inoorpora.ting the most important 
elements. Phy$lcal processes in clotlc;J.sl"h:r tllrblllent, excha.nges a.t the surface, "nd 
in·'transmission of radiation through· tne atmosphere are no longer as mY!llteriollS 

. "as they Once were. ,The volumes :simulated by the models r-ange .from the:·size 
of '-a single cloud to -the entire atmosphere: these ,models are nO'longer primitive 
representatjons~ 
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Seoondly, the advent of high-speed computers enables atmospheric models to 
be studied in greater detail. These computers have a peculiar importance to 
weather modification, since they will enable scientists to cn.rry- out ex~nded ' 
experiments to test 'whether.. of·,not various' schemeR for manipulating ,the -atmos­
phere are indeed possible~alld. what the outcome should be. 

The third advance lending support to expectations for weather and climate 
modiflcation is the new arra:\' of instruments developed to observe and dE'tect 
changes in the atmosphere. The most dramatic and perhaps the most powerful is, 
the meterological satellite, which provides a -plaMorm whence the atmosphere can 
be- observed, not only in geographically inaccessible regions;, but also with ,entirely, 
new physical measurements. For-'example, meteorological satellites of the future 
will permit the determination of humidity, temperature, and pressure as averaged 
over substantial,volumes of the atmosphere, providing ,quantities that are needed 
to develop ,the mathematical models.' Rophisticated surface instrumentation,: for 
oh~erving detailed processes within smaller, parts of, the' atmospheye, provides- us' 
with far more powerful tools with whioh -to' look-at ·olouds. and at the interaction of 
the atmosphere with it.s boundaries than ,those which were available ten,Qr twenty 
years ago. ' 

EARTHQUAKE 'MODIFICATION 

What causes earthqnakes? Over geologioal,time, the irregular distribution of 
'heat--producing radioactive elements in the rock layers gives _rise to subsurface 
temperature differences between various partR of- the earth. In the continents, 
granites and similar rocks have concentrated radioaotive elements near the surface; 
no similar concentration has taken plaoe in the suboceanic'regions, which may'as a 
result be more than :one hundred degrees centigrade cooler-than the corresponding 
subcontinental regions. Suoh variations in temperature along a' horizontal' line, due 
to the differences,in,the vertical di~tribution,of heat"producing elements, give rise' 
to large thermal stresses, causing strain analogouR to that· which cracks a glass 
tumbler filled with hot-watell; The strain ·tends, to be greatest-- in\ regions ,of' abrupt 
temperature change along a horizontaUine through the earth's crust. 'The strain 
may be partially relieved -by the slow convective flow of material in the deep earth 
which- is thought by some geophysicists to 'push 'continents about. But the strain 
can also be relieved by'sharp fractures,or~by movements along previous faults in 
rooks near the snrface. Movement along ,a fault radiates energy' outward, which 
results in an ea~hquake., Each year approximately 20'0' megatons of strain, energy 
is released in thiS fashion, the larges,t earthquakes oorresponding to 'energy of the 
order of 10'0 megatons. The energ.Y' released depends, on the volume of material 
affeoted. The largeBt earthquakes take place along faults having a linear dimension 
of 10'0'0' kilometers, whereas smaller ones ~ake place alohg faults of one kilometer 
or less. , 

Major earthquakes tend to be looatedalong twa main belts. One belt, along 
whioh about eighty-five per'cent of the total energy is releaaed, paases around the 
Pacific and affects countries whose caastUnes border this 'ocean,- for example 
Japan an<l the west coast of North America. The second belt pas,,, through 
the Mediterranean regions eastward through Asia and joins the first belt in 
Indonesia. Alang these twa belts, large earthquakes occur with varying frequencies. 
In California a large earthquake, might be expeoted once every fifty to' _one hun .. 
dred years, while Chile might expect such a dfsturbanoe once every ten t'o twenty 
years. Sametimes major earthquakes have occurred in 'regions ordinarlly tbought 
of as being free from risk. For example, the New Madrid earthquake of,'1811-1812 
devastated a large area of cen~ral_Narth ,America but had only sligb~' cultural 
effects beoause of the area's sparce population. '" ' 

Today, our detailed understanding of the mechanism that I?auses,an.,ear.thquake 
and of how the related instability can be triggered is limited. Only within ,the last, 
few years have serious discussions of 'earthquake prediotion begun, whereas 
moderately reliable weather forecasts, have been available for about "the' last 
thirty to fifty years. CU\Tent1y; substantial effort is being made, primarily by 
Japan and the United States; to develop techniques for forecasting earthquakes. 
These techniques are based to' a -large extent on the deterp}ination of changing 
strain conditians of materials in the rocks surrounding recagnized fault zanes. 
Of possible value, is the observatian. that before an earthCJuake the acoumulating 
strain acoelerates. . 

Contralof earthquakes is a prospect even more distant than that-of forecasting, 
although two techniques haVl:l been suggested through'recent experience. 

1. In the course of the underground testing of nuclear weapons at the Nevada 
test site, it was observed that ,an explosion apparently released 100801 strain in the 

2Q-()44' 0' _ 74 - () 
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earth. The hypothesis' is that the swift build-up 01 strain due to the sudden -
release of energy ih an explosion discharges strain energy over a large volume of 
material. ' 

2; Another method -of releasing strain energy has appeared from pumping of 
underground water in the vicinity,of Denver, Colorado, :which,bas,led, tooar,ser.ies of 
small earthquakes. The hypoth~is here.is that underground water has provided 
local lubrication permitting adjacent blocks to slip by one another. 

The use as a weapoD-,system of the'strain energy instability within the solid 
earth requires an effeciive triggering mechanism. A scheme for pumping water 
seems clumsy and easily detectable. On the other hand, if the strairi 'pattern in 
the crust caD be accuratly determined the phased or timed release of energyjrom 
smaller faults, designed to trigger a large fault at some distance, could be con~ 
templated. This timed release could be activated through small explosions and 
thus it might be posf:lible to use this release of energy stored in small faults at 
some distance from a major fault to trigger that maj'or' fault. For example, tbe 
San Andreas fault zone, passing near Los Angeles and San Francisco is part of 
the gre'at earthquake belt surrounding the Pacific. Good knowledge of the strain 
within this belt might permit the setting off of the San Andreas zone by timed 
explosions in the China Sea and Philippine Sea. tn,contrast with certain meteoro~ 
logical operations, it would seem rather unlikely that such an attack could be 
carried out covertly under the guise of natural earthquakes. 

MODIFICATION OF OCE,ANS 

We are still in the very early stages of developing'the the'ory and techniques for 
predicting the state of the oceans. In the past twO! decades methods have been 
deVised ,for the prediotion of surface waves and surfaoe wind distribution. ,A wp.rn­
ing system for the tsunamis (tidal waves) produced by earthquakes has also been 
dev,(l}oped. " -

Certain ourrents within the oceans have been identified, but-we do not yet know 
,what the, variable components arej that is, what the weather within the ocean is. 
Thus we, have not be,en able to identify any instabilities Within t,he ooeanio oircula­
tion that might be easily manipulated. As in the case of the solid earth, we oan only 
speculate tentatively about how oceanic processes might be controlled. 

One instability offering potential as a future weapon system is that, Msooiated 
with tsunamis. These frequently originate from the slumping into the deep ocean 
of loosely consolidated sediments . and rocks perohed on the oontinental shelf. 
Movement of these sediments can trigger the release of vast quantities of gravita-. 
tional energy, part of which is oonverted in the motion of 'the tsunami. For exam~ 
pleif,along alOO()"kllometer-edge ofa continental shelf, a block 100 meters deep 
and ten 'kilometers wide were dropped a distanoe of 100 meters, about 100,mega.­
tons of energy would be released. Ttrls'release would be oatastrophic to ,any coastal 
nation. How 'could it -be' aohieved? A series of phased explosions, perhaps setting 
off natural earthquakes, would be a most effectlve way. I oould even speoulate on 
planning a guided tidal wave, where guidanoe 1s aohieved by correctly shaping the 
source which, releases energy. 

BRAIN WAVES AROUND THE WORLD? 

At- heights of forty to-ftftykilJmeters above the earth'ssunace substantial -
numbers of oharged particles -are found which made -this part of the atmosphere, 
the.ionosphere, a-gooii conductor of, electrioity. Therooks'and'ooeans are also more 
oonduoting than-the lower-atmosphere. 'Thus, we live in-an -insulating"atm08phere 
between two spherical oonduoting shells or as ,the radio engineer would put it,.in 
an- earth .. ionosphere cavity, or wave guide. ,Radio waves striking either oOllduoting . 
shell tend to be reflected baok into the cavity, and this phenomenon- is what makes 
oonventional-long~distance radio oomlYlunioation possible. Only recently, however, 
has there been any interest hi natural eleotrioal reson.anoes within the earth­
ionosphere wave guide. Like any suoh' oavity,- the earth~ionosphere wave guide will 
tend to sustain radio osoillation at certain frequenoies in preference to others. 
These resonant frequenoies -are -primarily determined by the 'size ,of- the earth and 
the speed of light, but the properties Of the ionosphere modify them to a certain 
extent. The lowest resonances begin at about eight oyoles per second, far below the 
,frequenoies ordinarily used'for rtidio oommunnica.tion., BeoQ..use,Df their.long Waye 
length and small field strength, they are difficult to detect; Moreover, they die 
down quickly, witbin.on~ sixteenth of a second or so; in engineering terms, the 

_ oavity_ has a short -time oonstant. 
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The natural resonant oscillations are excited by lightning strokes, oloud-to­

ground strokes being a much more efficient source than horizontal cloud .. to-cloud 
discharges. On the average, about one hundred lightnin~ strokes occur, each 
second (primarily concentrated in the equato;rial regions), so that about'six 
lightning flashes are available-to introduce energy before a particular osoillat.ion 
dies down. A typical oscillation's field strength is of the order of 0.3 millivolts per 
meter. 

The power of the oscillations varies geographically. For example for a source 
located on the equator in Brazil the maximum intensity, of the oscillation is near 
the"source and at the opposite side of the earth (around Indonesia). The intensity 
is l()wer -in intermediate regions, and toward, th,Efpoles. _ ,,' 

One can iniagine-several ways'in,which to.increase the intenSity of such electrical 
oscillations'. Th~ number oC-' lightning strokes per second ,could be enhanced by 
artifiCially increasing ,their origina:l numbei'. Substantial progress has been made in 
the understanding of the physics of.ligbt~ing and of how it might be controlleq. 
The natural oscillations a're' excited by TijJlqomly oQc,urrin~- strokes. ,Tbe excita­
tion of timed strokes would enhance the efficiency with ",lilCh energy is_ injected 
into an oscillation. Furthenno,re, the time constant -of the oscillation', would be 
doubled by a fourfold, increase in the electrical condllctivity of the ionosphere, 

,so that any scheme for enhancing that conductivity (for example, by injecting 
readily ionized vapor) . lowers the energy losses and lengthens the time oonstant, 
which would pennit a ,greater number o( phMed Ughtning strokes ,before the decay 
of an oscillation. 

The enhanced low-frequency electrical oscillations in the earth-ionosphere 
cavity relate _to possible weapOD,s .systems through a little-.understood ,aspect of 
brai,ii physiology; Eleotti~al 'sc,tivity in the brain is, concentrated_ at, certain 
frequenoies, some ofjt extremely slo~t a little around -five 'cycles per 'seoond,' -and 
very cpnspicuous activity (th~ ,so~called alpha rhythm) around, ten cyoles per 
second: Some experin'rents have heen done 'in the use of a flickering light to pull 
the brain's alp4arhythm int.o unna_tura! synchrony with it; the_ visual, stimulation 
leads to electrical stimulation. ~here has also been work on direct electrical driving 
of the brain. In experiments' disoussed by Norbert Wiener a sheet of tin is sus .. 
pended from':the ceiling and conneQted to a generator working at ten,cycles per 
second. _ With lilrg.e ~eld strengtns of one or two, :volts per centimeter oscillating_ at 
the alph_a-rhythm frequency, aeoidedly unpleasant sensations are noted by human 
'subj ects. _ , . 

The Brain Research Institute of, the University of California is ,investigating 
the effect 'of weak oscillating fi,elds on human behavior. The field" stren~hs in 
these experiments 'are of the order of a few' hundredths of a volt per ,celltlmeter. 
Subjects show small but measurable degradation'in performance when exposed to 
oscillating fields for periods of up to fifteen, minutes.- . 

The'field strengths in these experiments are still muoh strol)ger, by a,factor of 
about 1000, than the observed natural oscillations in the earth .. ionosphere cavity. 
However, as ,previously noted, th~ intenSity of the Jlatural fluctuations could be 
increased substantia:lly' ,and in principle ~ould be maintained for a long time, as 
tropical thunderstorms are always available for manipulation. "he proper geo­
graphioal location of the source of lightning, ooupled with accurately timed, 
artificially excited strokes, oould, lead to a pattern of osoillations that produced 
relatively high, power levels over certain regions of the earth and substantially 
lower levels over other regions. In this way, one could, develop a sy~_t~m that 
would', serlolisly impair brain perfonnance in very large populations iil. selected 
regiQns_ over an extended period. . , ' _.' _ .,_ ' 

The scheme I have suggested is admittedly'far~fetohed, but I have,_usec\ it,to 
indi~ate the' rath~, subt~e connections between, ,v:~ri{lotions -in lllan'ij, env;~on~ 
n;tental: conditions and his·behttvi.or. Perturbation, ~f the environmE:nt can, produoe 
:chatlges in behavi(?r, ,patterns. Slnee ..our undex:standmg of both beha.vioral and 
envir_9nmen-t9J.. mariipl.11a~bn is rtidimen'tary, ,sch~m.es, of --behavioral alteration 
On the surIace seem. unrealistic. No matter how, deeplY- disturbing the thought of 
using the enviro'nment to m.--anipulate behavior for nat.ionru . .advantage is. to s,ome, 
the ,technology permitting such use will very probably develop within the I\ext 

few'decades.· _ SEc'RETWAR ~ND CHANGIN.G'-RlJlr.AT~oNeiIl-ps":'" " -. '" ,- . 

. Defi<iieneies both in the ,basic, understanding of, tbe physical pro,cesseS'in the -en­
v~ronn'lent and in the technology of environmental change llU\.ke it,highly unlikely: 
tha.t environmental modifioation will be ah attractive weapon system" in ariy direct 
military confronta.tion in the near futUre. Man: already 'possesses big1.J:ly effe9tive /' 
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tools for destruction. Eventually, powever, means other than open 'warfare may be 
used to secure national advantage, As economic _ competition among many ad· 
vanced nations heightens, it may be to a country's advantage to ensure a peaceful 
natural envirOnment for itself and a _disturbed environment for its competitors. 
Operations producing suoh conditions might be carried out covertly.: since nature's 
great irregularity p_ermits storms, floods, droughts, earthquakes: ana tidal waves to 
be viewed as unusual but not unexpected. Such a j f secret war' need never be de· 
clared or even known by the affected population. It could go on for years with only 
the security forces involved being aware of it. The years of drought and storm 
would be attributed to unkindly nature, ,and only after a .nation was thoroughly 
drained would an armed takeover be attempted. 

, '''', .In .. addition " . .w-.. theirAlo¥er,t.·natur.ep,a ,feature, .common ,to'.seMeJ1W .modifioation 
schemes is their ability to affeot the earth as a whole. The environment knows no 
politioal boundaries; it is independent of the Institutions based on geography,' and 
the effeots of modification oan be projected frqm anyone point to any other on the 
earth. Because environmental modification may be a dominant feature of future 
world decades, there is concern that this inoipient technology is in- total conflict 
with many of the traditional geographioal and political units and concepts. 

Political, legal, economic1 and sociological consequences of deliberate environ­
mental ,modification, even lor peaceful purposes, Will be of suoh complexity that 
perhaps all our present involvements in nuclear affairs will seem simple. Our 
understanding _of ,ba.siILenvironmental science and technology is primitive, but 
still more primitive_,are ~)Ur notions of the proper political forms and procedures to 

., deal with ,the -consequen-08B'·of''m'Odification. All-'experience shows 'that less signifi­
cant technological chan~s than environmental control finally transform political 
and social relationships. Experience also shows that these transformations are not 
necessarilY predictable,_ and that guesses we .might make now, 'based on precedent, 
are likely to be quite wrong. It would seem, however, that these nonscientific, 
nontechnological problems are of such magnitude that they deserve consideration 
by serious students throughout the world if sooiety is to live oomfortably in a oon-
trolled environment. " 

,- ",.A,ymH·oR~,-N'o'l"E,.:,.l·n.'.lthe"seotion.'-0n ·weather',m-odifioation I .have ·driVWI). 'fieavily 'On 
Weather and Climate Modifioation (National Aoademy 'Of SCiences, National Re­
searoh Counoil, Washington, 1966). A.T. Wilson's paper on flOri~n of Ice Ages" 
apr.eared in Nature, vol. 201, f.p. 147-49 (1964), and J.T. Hollin s oomments in 
vo. 208, pp. 12~16 (1965). Re ease of teotonic strain by underground nuolear ex­
plosiQn"was. reported by,F. P-.ress,and C. Aronrunbeau in Journal of Geopliysi'cal 
Research, vol. 67, pp. 337-43 (1962), and man-made'earthqttakes in Denver by D. 
Evans in. Geotimes, VQI. 10, pp. ·11-17. 'I am grateful to J. Homer and W. Ross 
Adey of the Brain Research Institute of the Universitl of California. at Los 
Angeies, fQr infQrmation on the ·experimental investigatIOn of the influenoe of 
magnetlo fields on human behavior. " 

Senator PELL. And ther~ ,are no new potential weapons that could 
be added to that list, are there? . 

Mr. MACDoNALD. Many of the ideas expressed in that article 
have progressed in the sense that those technologies I discussed have 
bee.n,developedto.a.mueh greater:ex.tent-todaytha.n they were in 1966. 

SenatQr FELL. But there are no new technologies that did not appear 
,in that are there? . 

Mr. ijAcDoNALD. Not to my kIiowledge. .. 
SenatOr PELL. ·Thank ,you. , 

COUNCIL ON ENVIRONMEN,TAL QUALITY 

As a former member of the Oouncil on EnvironmentalQuality, were 
J'J)U"patt.::of .. Mr.;P.dllack~s~y committee they had about a year 
a.nd i!. half 'ago on this subject? ' 

Mr. MACDONALD. No, the council on Environmental Qualit,Y 
was not included in the Under Secretary's committee looking at thiS 
. problem. 
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Senator PELL.Did the Council on Environmental Quality ever have 
any problem obtaining the information concerning DOD operations 
in the field of weather modification? 

Mr. MACDoNALD. The Council on Environmental QUa.!ityas I 
think applies to other' agencies, did not have that information made 
available to it. , ' 

OTHER J;lOINTS IN MR. ST. AMAND'S STATEMENT 

. Senato~ PELL. Do you have any Particular comments besides the 
questiOl} of the potential use of earthquakes with. regard to Mr. 
St. Arnand's statement? Were there aDY other points particularly that 
piqued.you one way or the other? 

Mr. MACDoNALD. I would have to look at the s.tatement in detail. 
I prefer not to comment at tIris time. 

EXECUTIVE BRANCH'S REFUsAL TO ARTICULATE NATIONAL POLIC! 

Senator PELL. What in your personal view and opinion is the pri- , 
mary reason for the executive branch's refusa.! to articulate a national . 
policy on this issue?' '. . " , 

Mr. MACDoNALD. I think the reason· in part is a bureaucratic one 
in the sense that there are conflicting interests. In part it is-it's my 
feelin~, I have no. directknowledge-':"that other tlian the references 
contamed within the Pentagon Papers, we did use certain techniques 
in Southeast Asia and that making the public aware of the use of 
these techniques might be damaging in a variety of ways. 

, In' part I think there is serious concern as to whether restricting 
or prohibiting by international agreement the development of these 
methods as weapons will discourage the development of environmental 
modificationtechni'l.ues for .peaceful purposes. I don't think there is 
asimpie answer. It IS one that bothered me a great deal when I was 
in the Counoil and SO bothers me today. 

U.s. POSITION AT STOCKHOLM CONFERENCE 

SenatorPELL. You were 'a member and I was adviser to the ~U.S. 
delegation to. the Stockholm Oonference. Looking back on that, I 
remember I was surprised at the sensitivitr of our'delegation to the 
questions of environmental modification 0 warfare that were being 
posed.aHhe time: I rec.all also being the only member of the delegation 
who objected to our knee jerk reaction to Palme's speech which, said 
frankly what was in everybody'amind whO .was there. ",,:' 

What was your view in 'retrospect? What is the r~aBotl' far the 
ultrasensitivity, you remember, when we insisted on somewhat 
gutting the recommendation saying "where feasible" in recommenda­
tion 218. I was curious about. what you thought of our reaction, to 
Palmeithe oversensitivity.·· ..', . 
. Mr .. 1\:'fAcDONA~D.Bas!cally, the delel!:ati9n.w'as,. of COUflj~, ifnder 

. mStTUctlOns. ThemstructlOnswere formlllatedmth,s areaprmcIJla;liy 
bytheJNation)11 Security Council at that time. I fh\rik the Bituation 
ex/sts'today where' there is no overall policy as to whether' or not 
weather modification should be used or weather moditicatioritech-
nlques be developed aB'· weapons of war. ' . 
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. Whenwe.:were inStockholm I.wouldsay that there was.no agreed­
upon policy. 

OPERATION ROME PLOW 

Senator PELL. There is no secret about Operation Rome Plow 
. where they knocked down the trees in Vietnam. It seems to me that 

falls in the environmental modification and yet our sensitivity to it 
being even discussed was an extreme. 

My own theory about it was that Mr. Ehrlichman, who at the time 
I think had certain bully-boy characteristics, was at the Stockholm 
Conference in. the early part and back and forth. I don't know it 
you care;t<> hyPo.thesizeonan opinion. . 

Mr. MACDoNALD. I think that it extended to direct instructions 
from the White House and the National Security Council and that 
was the reason. It was not just the memberS of the delegation, includ­
ing Mr. Ehrlichman. 

APPROPRIATE AGENCY TO CONDUCT NEW STUDY 

SenatorPELL. Do you believe that the Defense Department should 
be the agency to conduct the new study mentioned III ,Mr. Pollack's 
statement? I think we·have moved qUlte far ahead in·that a study 
is being ordered by the President. . 

As you know, in Government you have to go through a series of 
studies before any action is ever taken, and you never Know whether 
it is going to be one study or several studies, but each study is at 
least one slow step forward. . 

Mr. MACDoNALD. Yes; I was delighted to hear this morning from 
Mr. Pollack that such a study has been ordered. I will only recall 
that this is an issue that has been before this administration for a 
number of· years; You have raised it with the administration. It 
came up in connection with the Secretary of State's confirmation hear-
ings. It has been there. . 

And only now is a particular agency requested to carry out such a 
study. I think that the Department of Defense is completely inappro­
priate to carry out such an investi~ation. It has It vested interest in it. 
I think it would be more appropnate, for example, to ask the Anns 
Control and Disannament Agency to take on such a study. And you 
might ar~ue that it also hils a vested interest. 

You IIllght ask an independent body from outside the 'Government 
to look into this question. To ask the Defense Department to look into 
it is not the way to proceed. . '; 

Senator PELL. It reminds me of what a present colJeagueand for­
mer'memher of the executive branch once saId about having a coalition 
governrrieilt,:..-JiMs like puttihg i1he fox into thll hencoop. . .' '.' 

Mr. MACDoNALD. Yes; the hen coop'orwhatev'er, but this is clearly 
a case in which you are asking the pnncipal participants of a certain 
activity to judge whether that activity is 'good for the country as a 
whole and I just think that is bad. ' 

Senator PELL. I woulda~ee. ,'. . 
I thank you very much uideed for coming down fromN ew Hamp-

shire and we are glad you were with us today. ' 
Mr. MACDoNALD. Thank you very much. , . 
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Senator PELL. The next witness is Dr. Thomas Malone, director of 
the Holcomb Research Institute, Butler University, India.napolis, 
Ind., and formerly of the University of Connecticut. 

STA,TEMENT OF DR. THOMAS F. MALONE, DIRECTOR, HOLCOMB 
RESEARCH INSTITUTE, BUTLER UNIVERSITY,INDI4NAl'()LIS, 
IND. 

Mr. MALQNE. Thank,youvery much. .... ' .. 
My name is Thomas F. Malone. I am speaking as 'a private citizen, 

but from a background of onetime Chairman of the NatIOnal Academy 
of Sciences' Panel pn Weather and Climate Modification. a.p,d.Vice 
President of the International Council' of Scientific Unions and, Secre­
tary General ofits Committees on Atmospheric SC,iances, andciirrently 
a member of the President's National Ad viso"y. Committee on Oceans 
and Atmosphere where I have special responsibility for their position 
on weather modification. . 

Mr. Chairman, iIi view of the advanced hour, it might be helpful if 
I simply submitted my statement and presented my views on what I 
think you identified as the key issues in this hearing. 

Senator PELL. That would be most agreeable· and the statement 
will be inserted in the record as if read. . 

Mr. MALONE. Thank you, sir. . 

WHY. EXECUTIVE BRANCH POLIOYMAKERS ARE SLOW TO RESPOND 

I think'the issues are, first, why are the policymakers in our execu­
tive branch so slow to respond to .this issue, which:; as you know, 1 
raised 8 years ago before hearings of the Senate Commeroe Committee 
pointing out the "ni!(htmare" versus the "vision" of the atmospherio 
scientists in this vexing field., 

And I think there are two reasons. One is that I don't believe that 
the dimension of the issues involved in environmental problems have 
really been sensed by these people who have shown great. couraKeand 
imagination in establishing detente with. potential adversaries. It has 
been too narrowly viewed as a warfare weapon rather than the larger 
implications of an emerging capacity to exercise meaningful control 
over our environment. 

I think it is a lack of awareness of what we.are really talking about. 
Second, I think that in view of the secrecy which veils the Sou.theast 

Asia operation, one is led to question whether or not the, claims of 
effectiveness have not been extravagant. This,has been tr:ueof weather 
modification in general and since one doesI\'t have access to these 
reviews-these assesslllents-:one is nO.t able to evaluate tham. 

But I have a smtlll still voice within me which says that it is not 
unthinkable that ,the claims of military effectiveness )lave been 
exaggerated just as t)le claims of civilian effectiveness in this field 
)lave frequently been exaggerated by well-meaning honest people 
whose enthusiasm exceeds their perception. 

. So that would be my views on this key question that you have 
raised. . 
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ADEQUACY OF MEASURES PROPOSED 

The second key question I believe is the adequacy of the measures 
which are proposed. I share Professor MacDonald's keen disappoint­
ment at the selection of DOD as the agency to carry out the study. 
I have fine, competent friends, colleagues, in DOD who I admire. 
This is just the wro~ place. This kind of responsibility in the executive 
department belongs ill the State Department. 

SenatorPELL. Or ACDA.W()uldn't that be the lo~cal place? 
Mr. MALONE. ACDA would be appropriate. I beheve that the im­

plications here-that is, of this matter escalated to its proper im­
portance-transcends the responsibility of ACDA and becomes a. 
matter of international science policy which I believe would fall within 
the purview of the State Department. . 

And 1. might say,sir, that another institution which might be 
helpfulis the newly established Office of Technology Assessments[OTA] 
that is attached to the Congress. 

There are two mechanisms. , 
In addition, there is a precedent for establishing special commissions 

to look into these matters, and I think that this would be a very ap­
propriate way to examine some of these larger broader issues and to 
bring this down from the realm of hyperbole to the practical. 

Let me just mention a few of the great societal issues which I 
think are related to the whole question of environmental modification. 

,One is the energy I?roblem which is vexing us today. It is clear 
that with a doubling tune of the 'order of a decade or two in the pro­
duction of energy, we are really racing pell-mell toward that time 
when we may be forced to choose between more people or limitations 
on the energy per capita, because of the concentration of waste .heat 

. dumped into tile atmosphere and the possibility that it would induce 
unacceptable perturbations and affect our climate .. 

A second area is the food issue where the potential doubling or 
quadrupling over the food requirements between now and the end 
of the century are going to strain our food producing capacities and 
they are going to make. extremely important the utilization of the 
water and air resources and are going to result in desalination to 
provide irrigation, interruption of the hydrologic cycle with conse­
quences of inadvertently modifying the climate that we should begin 
to addressupw. 

The third area that I am concerned about is the natural catastrophe 
area. LRstweek Twas in Miami listening to the. head of the hurricane 
unit d"!\Vn' theF~ sp~aking of the frightful, . frigh~ning po~ntial for 
casualties runrung mto the tens of thousands m, connectlOnWlth 
storm surges moving on to the coastal· zone where' the population 
density has soared in the last decade or so. 

Several options are available to ameliorate that hazard. One cer­
to.inly is the diminution of the intensity of hurricanes. If that is to 
proceed, the whole ol?eration will have to move to the Pacific Ocean, 
and in that case, we unmediately get into an international operation. 

So that .what I am suggesting, sir, is that if we look at the whole 
matter of either conscious or inadvertent environmental modification' 
and its relation to some of the ~reat societal issues and the frightening 

.. "policy decisions which .. are .gwngto .MlIlf'ront.us; .within:allJ.atter.of 

( 
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decades, then oUr Government, our Nation, has a great opportunity 
to take a constructive attitude to frame the proper questions and,to 
subsume within this context the military utilization of this capability. 

And it i~ in that direction that I would hope that you could with ' 
y-our very effective persistence move the thinkIng of our policYlllakers 
In both the executive and legislative branches of'theGovernment. ' 

r would hope that these Commissions, the State Department, or 
OTA would pick out the societal issues which' I 'have mentioned, 
assess the adequltcy of our scientific knowledge to resolve the policy , 
questions involv!ld, id~n~fy the researchneeds,and pro1'ose the kind 
of global strategles,which would help uS,all to address ,them. ", 

SECRECY OF SEEDING IN "SOUTHEAST AiIA '"'' , 

Finally, sir, I would say' that there is the question of the rather 
sordid secrecy of the seeding in Southeast Asia. I have given my little 
apprehensions there that must remain as to 'whether or not national 
security has becomeinte1'Illingied with a veil which sort 'of covers up 
or shrouds extravagant claims, This could all be resolved very quickly 
if the relevant 'documents were declassified and put in the public 
domain and exposed to the kind of scrutiny which we, in the scientific 
cOlllII1unity; have found very helpful in either reducing extravagant, 
claims or conversely,as" a matter of fact, identifying things not 
recognized within the'scientific establishment. ' 

Mr; Chairman, I thinkl might stop here in view of the hour and be 
responsive to youI' questions. " ' 

Senator PELL. Thank you very much. 

ADMINISTRATION WILLING TO HAVE CLASSIFIED DISCUSSION 

I think we moved a little bit ah~ad today. For the first, time,the 
administration has been willing, on a classified basis; to discuss this 
subject. Until now, even with the Senate Foreign Relations Committee 
in closed session, there was no openness whatsoever-no candor at all. 

That is a long cry ,fromdeolassifioation; and I agree with you ' that 
it should be done. ' , ' 

STUDIES ON, WEATHER,UEOPHYilICAL MODIFICATION 

Are yon aware in the scientificc,ommunity of ,a,ny detailed,~tudies 
on this, gene,ral subj~,ct .of, ,w, e,a,t, ,he,! a~d geophys, ,ic,,,:I,mpdificati,,Q,n,? 

Mr", MALONE. Wlth1jl the sCIentIfic comm'Qmty,' of 'COUllilej the 
:N fJ;t\QnaIAcademy ,of SC.illp,ce ,has addressed the weather moc;iifiollition. 
It, hllsiUQt,.addressed ;thebroader,ge<)physi(ial ,qlOdillcation,isel!e~not 
that I ,ani familiar with. ",," , ',' " 

l'UTTINGENVIR(l'NMENTAL M<)DIFICATION Il'ITO CONTEXT' 

'Sen",to~ P"LL' ,1 agr~~ Mthyou,too,jnYQ~r stl!tement that these 
p~oQl~ins,trans~.ep.d.llat\one,l hqrders;, they ar,e real!y.globa), !lnd I 
knpwlhave beC\lIl)e,a member of and,becom~.very mterested, mthe 
CluQqf Rome,. ,The Club (it, RO.me ~elieves. the~eJ)robiEim~concet;niI)g', 
en,ergy ,and food· and the.qc~ans jl,nd, populatIon .. yr~cen4.n.ati()nl).l . 
borders. I would hope we mIght add mto our thinking thIS Idea of 
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scientific weather modifications, scientific actions of this sort, because 
increasingly actions that are taken within one nation's border will 
have an impact on another. . 

Mr. MALONE. I wish you could persuade the policymakets in the 
Government that world society is at a sort' of crossroads. Our ability 
to manipulate information, to manipulate materials, to interfere with 
life proceSses, to hand them information, have all brought us to the 
stage where our per capita capacity to transform natural resources 
into ~oods and services is doubling every few decadlls .. 

This means there is a better life downstream. 
On the. other hand, we are increasing at about 5 percent .per year 

our demand on natural resources and we arein danger of overstressing 
the carrying capacity of Planet Earth. It is, precisely for this reason 
that. we need to explore these because which road we pick will not be 
decided by some large plebiscite but by what Johnny Von Neumann 
told us many years ago, by a long series of small correct decisions. 

It is in that context I would hope our Government could put this 
whole matter of environmental modification. 

COMMENDATION OF WITNESS 

Senator PELL. I thank you and I thank you very much indeed, Dr . 
. Malone, for coming to this hearing. . 

[Dr. Malone's prepared statement follows:] 

PREPAR~D STATEMENT OF DR. THOMAS F. MALONEi' DIREC~OR, HOLCOMB 
RESEARCH INSTITUTE, BUTLER UNIVERSITY, NDIANAPOLIS, IND. 

Mr. Chairman: In preparing for these timely hearings, I re8d~and reread-the 
report of the Hearinl!8'onSeoateResolutton 281 held tnJuly of 1972 before your 
Committee. Three impressions ~main 'with me'following that 'review: 

The remarkable unanimity of the scientifio oommunlty in supporting the 
proposal that the United States Government exeroise initiative and leadership 
in seekinginternational,agreement,to,eschew the ,hostile use.of environmental 
modification ,and, in partioular. military weathet: modification-yet the seem~ 
ing ineifectiveneAS of these views in making something h~ppen. 

The commendabl,e initiative of your Committee in holding hearings that' 
led to a recorded Senate vote in favor of the Resolution-and yet the lethargy 
of Congress in aoting on a matter that was br-Ought before them during the 
course of extensive hearings in 1966. - . 

The sordid'seorecy that shrouded the, alleged weather-modification opera­
tions in, Southeast Asia-leaving the thoughtful reader wondering whether 
nation91 seourity was really involved or whether the veil of classification was 
drawn over these aotivities to. shield shoddy Boianoe ,and 'extravagant claims 
from the scruntiny ,of -peer review by -which the soundness, -integrity J ,and 
effectiveness 0;1 soientific programs ar~ maintained. , . 

·It is with,the persuasiveness and the effeotiveness of the arguments advanced 
by the scientists in favor of esohewing the hostile use of weath~r modification that, 
I would like to dwell briefly >thi.,-mo~ning. My oonvictions are strong and ,they have I 

remained unohanged j!I:~nce February 24, 1966, when I teFltified, before :the Com­
mittee on Commeroe of the United States Sena'te and _drew a sharp contrast be­
tween lethe vision" of atmospheric scientists of a world in whioh HtJ;te benefits of 
~weather and climate ,oontrol a..re allocated equitably among nations by methods 
that wtll have been developed (through) * * -. 'a long. seque'noe of small oorrect 
decisions' II • lie * and Hthe~nightmare" of atmospherio soientists ,of a world in whioh 
confliolr * * * has been aggr&ovated by dispute over th(' ria:hts to one of the most 
international of-our naturalresouroes-the attnosphere 1(1 • *' a world in which lie 1(1 lie 
the problem of nuclear proliferation (i~) ,replaced by the proliferation of, ~ 'en~ 
vironmental modifioation oapabUlty." 
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Many of the arguments that havE'! been advanced- by the scientists have heen 
based on inoral imperatives, that h, on the course of action that would follow from 
an ethical framework attuned to circumstances of the- coil telllPorary, world., Others 
recognize the jeopardy in which large scientifio programs of ,8 necessarily interns.· 
tional character might be placed by contaminating scientific efforts directed 
toward benefioial ends with other scientific efforts direoted toward. military ends. 
These argument'":! are fundamentally valid, but a new dimension is beginning to 
emerge that intp.nsifie~ the urgency of tho matter and provides a ratlionaln of prag­
matic self-interest that might tum out to be compelling when idealism fails to 
carry the day, This new dimension is concerned with societal issues that require 
courageous and imaginative public_ policy decit;ions if we are to'avert a:series of 
criseR over the decade immediately ahead and is also, concerned with the' de­
pendE'nce on international agreement and, coope_ration to establish tlJ.e ~nowledge 
base upon which these polic;v decisions rest. 

Mr.- Chairman, I would like to touch 0Jl three of these issues in the-hope that 
you.and your committee can cast. th. em.in 'a form that- will be persuasive to both 
Houses of Congress. .. 

The first has to do with the,wcirld-ufQod- crisis" which is.so clearly iinpending, 
and so inextricably related to weather and climate that its intensity may be 
exacerbated or ameliorated by the 'manner in' which, we 'manage" our atmos .. 
pheric resources. It is a simple'statement of fact that agricuUural technology seeks 
to maximize productivity whil~ ,~ature seeks to ml,\ximize ecological 'stability­
two goals which are incompatible. To satisfy the soa.r1ng world food demands, 
we have pushed productivity to such high levels that we have fostered, a high 
degree of instf!.bility in our 'agricultural eoosystems., This' instability' interacts 
with natural fluctuations in weather and climate and could be grievously ag ... 
gravated by inadvertant clim3te modifications, associated:with human ,activities. 
The thousands of deaths through stravation in the ,Sahelian region' of' Mrica: are 
a sho.cking testimony to this dangerous'state of 'affairs. With world food,demands 
increasing two to four fold by the' end of this century, it is 'clear ,that 'cur global 
lagriculturalsystem will be strait:ledto the limit. We have seen during 1973) that 
world, food problems interact intimapely with our own national' system' Of' food, 
production. I want to make two points: 

World food produotion is sharply. dep.endent on weather and climate and 
its fluctuations. 

We must learn to anticipate clhnatic changes, whether occurin'g naturally 
or as a result of human and industrial activities. This problem Can not be 
solved by a single nation. It must be and is being addressed by i~ternational 
efforts. Next summer there will be 'oonverred-in Stockholm a,special summer' 
study add.ressed to the kind of programs that need to be'mouli:ted during the 
First GARP Global Experiment in 1977-78 in order to iJluminatethe physical ~ 
bases of natural and man~made climatic changes~ The $UC{less of these dilibera., 
tiona and the programs emanating from them- would be markedly enhanced 
were,they to be carried out within a milieu II). whioh international agreements 
had been reached eschewing the hostile uses of weather modifications. There 
is muoh _more than the 8uco~as of a scientific progJ;'am ,involved. What is 
involved ·is an effort 'to provide .the body of knowlec;lge UpOI\ which, policy 
decisions vital to our' national se1f~interest depend. 

The second issue has to do with a" sleeper" in the en. er..sy crisis. It is crystal clear 
that our current energy shortages simply reflect ,imBerfections and arti:f\ciai bar~ 
riers 'in' the extraction, 'tr~nsportation refinine; and, ii1stribution, of fo~s,il> fueJ.s... 
These .a. re sooio~eco. nom,c-:p.QHtic.a:l_pr.Obiem.s-whlC.h. ·.'can.·.be·re,&Olve.d .. If ... oD. e 1.00kS 
beyond the current set of 'difficulties,'l~ Is equ8.lly cl~a~ that we are' gohig tp have. 
adequate energy for tile ii'ext hundred years. In fact;'\Vith_a doubling thi1~ of sOIpe­
thing'like 15';years in the'~orld _~onsumpti,on o~ el).e;r;'ig"lo~g befbr~ ourf.ossi~ fuels 
are'. ~xhau,sted we Ii,1~y w~ll be confronted;, wlth 'o~e ,of th~ lno~t ma}pr policy 
deClslODs ·the world' has yet confronte~l; I .refer to, the ,limited- capacity of the 
biosphere to absorb- heat . without in(lucio/F unacceptable pertubations In giolJal 
w.ind patterns and hence world climate. T~lS matter is now und~r,activ-e study by 
the presidentially appointed National Advisory Commit~e on Oc~ans and A~m()s~ 
phere ""hich communica'tes directly with both the exeoutive and legislative 
branohes of 'our _government. Simply_ .lltltJ the concentration of heat discharged 
into' the atmospher~ may turn out to reach' a high 'enough vallIe- within the next 
hundred ,years that"we will have to place constraints on the"population, on the 
population distribution,. or on the energy consumption per person. The policy 
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implications for the world, and in particular fer our nation which has such- a high 
consumption of energy per capita, are 'Obvious. To assess the seriousness of this 
matter In a sound and thoughtful manner, to fashion the tools and techniques to 
,analyze the relevant issues -and to go ,about the task of acquiring the'necessary 
knowledge to undergrid the policy decisions is an effort which no single nation 
could possibly undertake. Once again I am trying to make the point that the 
treatment 'Of atmospheric problems mU8t be interna~ionalized in cur own- national 
·self-interest. 

The third issue ooncerns the matter of catastrophic hurricailes. If 'ODe simul .. 
taneously looks at the accelerating. _concentration 'Of population along coastal 
zones and the seventy-year record of hurricane entries into these coastal zones, 

"',\oneJs J.ed"to ·tho,.soberJng ,conclusion that we seem to be locked in on a course 
which will lead us inevitably to a catastrophic event 'in which many tens of thou-
8ands of lives will be lost in a single weather episode. In fact, one can make,a 
categorioal prediotion that suoh an event will ocour sooner or later unl~ land-u'se 
polioies are drastically altered, construction codes. are brought into . consonance 
with· the kind of st,arm surges that mathematical modelling of wind, waves and 
coastal topography indicate; or alternatively, 'we develop the capacity to influence 
the intensity of hurricanes or cMnge their direction. Other options for dealing 
with this hazard may be identified as the problem acWeves public visibility. In 
the meantime, prudence suggests that we move ahead with research of the kind 
carried on in the program called "Storm Fury" in order to shed some light on' the 
possibilities of ,modifying hurricanes. Here again however, we are faced with 
a"compeUing need -for internationalization of'the effort. A st.rong case can be made 
for moving the research activities from the Atlantic into the Pacific Ocean because 
of the higher frequency of hurricane type storms in that region of the world. But 
tinkering -,with hurricanes, however soundly the scientific experiment is designed, 
is an extremely sensitive matter. Hurricanes are notoriously capricious and there 
is a natural tendency to ~cribe any erratic behavior to human intervention during 
the course of soientifio investig~tions into ,the possibility of modifying' either 
intenSity or direction. Once again I hope I made olear that more than the scientific 
integri~y or .the successful conduct of an intrinsically interesting scientific experi­
ment Is at stake. If there were any thought that a capability to tamper with 
hurricanes might be used as an hostile measure against another nation, the 

. development of the knowledge base of the research would be seriously crippled. 
I 'hope we "will not wait until catastrophe does strike and tens- of thousands of 
our fellow citizens are drowned, to take the action that seems to be so clearly 
indicated. 

Mr. Chainnan, in these brief remarks I have tried to differentiate between the 
point of view th,Rt international agreement on environmental modification should 
be soudlt because it is "good" and the point of view that at least several grave 
sooietal issues that directly affeot the self interest of the United States require for 
their resolution the formalization of international understanding and agreement. 
Somehow.it seems inconceivable to,me that ,the policy,makers in this great nation 
of ours who have shown suoh wisdom and imagination in opening up lines of ,com­
munication with potential adversaries CRn not be persuaded that the course you 
propose is not only statesmanlike but pragmatically in our self interest. After elght 
years of frustration over the failure of our nation to exercise initiative in this mat­
ter ... my hopes have been rekindled by these hearings. 

TWO items' by'way of conclusion: . .' , 
Since the hearings in 1972 the Committee on Atmospheric Sciences of the 

-Nati. (mal Academy of Sciences has PUbli. shed another report on Problem3 and 
Progress in Weather and Climate Modifl.cation_and re~emphasized_and reiterated 
a position' taken earlier 'that: HIn -order,-to -safeguard the Ufe:osustaining prop­
erties of-the,atmosphere for the ,commoD,'benefit 'of mankind, the U.S. GOfJern .. 

. ment is urged,to present/or adoption by the 'United Nations Generql A88embly a 
rtsolution dedicating al weather-modijication effort8 to ,peaceful pu!,po~e8 and 
establishing, preferably, within the framework oJ imerH4tionat nongovernmento'l 
8cierttijic,organtZcitions, an ,advisory,·meohaniBm jor conaideration of weather .. 
modification pfdblem8 vi pot6ntial· internotiorutl con""m.bo;fore.they ... each.cr.uical 
levele. . 

Finally. It Is ·tlmethat we put this murky ·matter. ofthe. military use of 
weather modifications in Southeast Asia behi~d us. Now that we have dis­
en~aged from active combat there is no reason in my mind, that the documen· 
tatlon describing-those operations and the evaluation of their effectiveness can 
now be de~I"'Uietl··and made ·available to ·the·solentifiorcommunity. r am 
p:ersuaded that this would have a salutory effect on the troublesome issues 

.. that,,:ce.v.o1M.6.,arour;u.Lthi&-:questionable, Course. ,of _action." _ 
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Senator PELL. Our final witness today is Prof. Howard Taubenfeld, 
of the Institute of Aerospace Law, Southern Methodist University of 
Dallas, Tex. '. 

I Ilotice you have it fairly lengthy statement, and I wonder if we 
could have this inserted in the.record. 

STATEMENT OF DR .. HOWARD 1. TAUBENFELD, INSTITUTE OF AERO­
SPACE LAW, SOUTH~N'ME1'HODIST UNIVERSITY, DALLAS, TEX. 

Mr. TAUBENFELD; Well, sir, I am of Germanic descent, and it usu­
ally takes me about 2 hours to get to the verb. I do apologize to you fol' 
not having been able to furnish the statement before today. My wife, 
who is it political econ<;>mist, and I work in these areas .together, and 
sometimes the negotiations on an agreed draft are something like what 
I think must go on between the Senate and DOD; 

In any event, I,in view of the hour and of your patience in sitting 
this long with all of us, would like to call attention just. to a very rew 
points and hope that you may have the chance to look at the dQcu­

'ment at some other time; 
Senator PELL. And it will be inserted in full in the,record. 

THE 1967 STUDY ON INTERNATIONAL IMPLICATIONS OF WEATHER MODI­
FICATION 

Mr. TAUBENFELD. Thank you. To begin with, our work is concerned 
only with the weather modification .aspects of the proposed treaty.' We 
have been working in the field of international implications of weather 
modification·since 1967 when the State Department asked us to doa 
study for them on international implications. . 

That study was published in the External Research series of 1968, 
and I think has met the fate of many such studies. ·Just.a few years· ago . 

. I was happy to present to Prof. Dean Rusk a copy of the paper which 
he had. asked for several years ago as. Secretary of State and which 
obviously had never before wended its way up that far. .' 

AGREEMENT WITH LIMITING LARGE-SCALE HOSTILE MoDIFICATION USE 

It is quite clear that we all agree with the idea of limiting large-scale 
hostile modification use; We agree with "dedicating all environmental 
work ·to peaceful purposes," just as we are ali, most of us"stiljjn.fityor 
of motherhood' and apple pie. .... . • ,'.' 

The remarks that are. eontained ,in the paeer;W~ome de.g~~ehave 
been expressed by otherShere,.and I would h,k~t(), ill a sense, reverse 
whll.t we did in the paper. We did trY to c@mment on this draft treaty, 
butth.n to go ·on to some other matters that we are very concerned 
with, whic,h are a takeofHroDlito' 

LANGUAGE ()F, TREATY 

, r would'liketo.suggest, as other have here, that .the'treaty as pre­
sented :and .as. you yourself h~vesllgg,es,ted,sir, is in'so~eways too 
broa,das ,tarasla)1g1)~. .gp~s')'i.,DlYSel£.I.' .. Ij..san.in'ttl. rnltti .. Qnl)l )awyer 
looking at the worJatoday, woULa not 0 •. particularly favorable to 
elirn!na~ing'inthisway whllt I would lik.tQ call small-scale use wit;hout 
gettmg mto the questIon what "small seale" means. Weather modifica-
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. non.in its ''local'' aspects maybe at least· as humane as weapons that 
are currently' permitted. 

I would like, myself, to see a much broader approach to the use of 
weapons,and of course, in the use of war itself. . 

I would also, having been in the field for almost a decade, have to 
give a nod of appreciation to the work that has been done by groups 
like Naval· Research people because they have advanced the general 
art c;>f weather m?dification in a field where ~undin~ has experienced a 

.. declme.Theremlght.be some.real.ppob1ems .. m.takingthem .out of the 
field if this is what it, amounted to. . . ' 

Moreover, and a point which per:!~r could only be cautiously made 
by people in defense, but which It' . really doesneed.consideration, 
if it does become possible somewhere, sometime, by.somebody to make 
or to initiate major clinIatic shifts, it would be my hope they would be 
reversible, and one needs knowledge in order to know what one would 
do if faced by this nearly total weapon. 

lthlnk some research which in a sense .has this kind of .military 
orientation, though it would be the same research as for other pur­

.... poses,· should be .. continued..liIowevaI',.,as you .. said, .it js .no.t· so ,much 
wording and particular small points of the treaty that are inIportant. 

Our main problem with the treaty is that in a way indirectly ex­
pressed by some of mypredecessors'here,the treaty is too narrow for 
what I see as the major problems which the world may very well 
confront in the not too distant future. ' 

We have been talking about the shifting of climate as a major 
weapon and as a horror story. It might certainly, if it were possible 
and could not be countered by other weather weapons, be countered by 
the threat of use of nuclear retaliation. 

You are talking about national survival. But when Dr. Teller a 
decade ago talked about weather as a ~~~~ble source of the last 
World War, or the cause of it, I don't t' he was talking about 
weaponry; he was talking about· how important weather is to countries 
and the real threat that it would pose to any country to see substantial 
shifts, whatever their reasons, in its weather, and hence its resource 
base . 
. It is perfectly clear that climate shifting, or climate modification, 

if it developed in anybody's hands, would be bound to be destabilizing 
to the international system and would very probably be in one context 
or another a cause of war. 

Ourjlroblem though is that any wide scale effects may very well 
be just· Os devastating to· many countries, to many persons, to· the 
earth itself. They come about from a use of clinIate. modification in 
war or from experiments on a broad scale by some scientists. "Let us 
seeif the Arctic ice really ,will go out if we try one of these things. n .. 

There has also been talk of at· least .two.kinds.of .modifioation. done 
entirely for local purposes. The Russians talk about reversing. rivers in 
Siberia to provide more water in central Russia, which is definitely 
needed. It would also presumably mildly affect, if it did no more than 
that, their northern coast by warming it, and that would be useful to 
them. . . . . 

There is talk about removing the Braziliall foreat. Eaoh of these 
mij:hti?-tum callBea catastrophe oil'earth.~either one is bei~ done 
o~ IS beIng contemplated asa weapon or even m any Sense to senously 

.... dislooate._y,othev.country,. yet the effects are ofconcerote all·oius. 
, • " , • ' _' • ,- r 
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INTERNATIONAL PUSH BY UNIl''ED STATES NEEDED 

Our suggestion'is that what is needecl is an international push by the 
United States. I don~t think anyone else will do it-an international 
approe.ch to large-scale modifiaations; In this:sense, the_treatysugges­
tiOn may be unfortunate in focusing on. weather' modification, as a, 
weapon, 'although it is certainly a dandy way to get attention -to', the 
need of the field., ' 

It isn't, I think, large-scale use of weapons that is the major con­
cern, because it seems to be doubtful they would be used. They can be 
countered in other ways. Weather modification in, turn;, nuclear 
bombs; if necessary. 
, ItseemB to me we need to focus attention already: on things which 
are going on,that iB, the potential large-scale shifts caused-b}llarge­
scale scientific experiments; large-scale changes for other purposes, 
and J?erhaps most particularly" large-scale industrialization."." 

IriS perfectly clear, as the Stockholm Conference showed that you 
canlt SImply say to a developing' country: "Don~t industrialize." 
Development is a very complex question which has had attention 
focused on it and which I don't think you want topay attention to here; 

RIGHTS OF EACH COUNTRY 

We suggest in our 1968 study, and I .didn't see any particular 
reason for shiftin~, that an overall approach even now to the problems 
of large-scale chmatic shift (which would, of course, include large­
scale shif,ts used as weapons) would have to start with the notion of 
the inviolability of any nation's resource base,. including its right to 
its "normal" weather, whatever th&t was, so that all countries would 
be protected.. ' -

There is then the addition&l right of eaoh country to permit or 
conduct controlled experiments to control and improve the national 
weather,so long as thIS is not undertaken aggressively, and is under­
taken with due care for requisite over-all safety and for peaceful 
pUrPoses, and does not affect other nations' parallel rights. 

NEED FOR MASSIVE .INTERNATIONALOOOPERATION 

You would need for all of this massive international cooperation 
through infO;ll'lllation sharin" .consultation, joint. p_rogramB, ,joint 
controls, perhal?s licensing, .to achieve beneficial use. YOII'w.clUld need 
to provide agamst economic disaster, and,;this might very ,well slow 
the developments. Itis. true you would also ,need internationaLp,olitical 
consensus in a region, . ,or worldwide, befor~ any major modification 
efforts could be permitted and this .tOG would slow the, development. 

1REATY.SOLVES ONLY PART OF CLIMATIc,oCHANGES PROBLEM 

My small fear, sir, is that eVen if there were a treaty in this. form, . 
if a treaty limited to the banning of large-scale use of modification 
techniques mwar were accepted (and I. think if it were limited to 
those large~scale uses. it might be. acceptable to 0\lr DOD) it is my 
fear that we might then believe . that we ,woWd then have- solved t\le 
problem oflarge-scale climatic ,changes. I think that we would have 
approached ouly a very small part of it.. . 
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We, have much more argument in the paper bU,t I think that is 
suffiCIent for this moment.. ' 

Senator PELL. Thank you very much. 

HURRICANE MODIFICATION 

Hurricanes may ,be a point I should have struck on before among 
the various weapons that have been mentioned. I noticed that you 
are'professor of aerosj>aoeatSouthern Methodist University. , " 

Not now,but as the years go by; would we be able to create imd 
direct and point a hurricane? , 

Mr. TAUBENFELD. I always answer'questions like. that by speaking 
as ,a professor Qf law. My advice on technological ma,tters would be 
asfollo'lV$: , ' ' , 
, It seelns, to me that there is scanty but good evidence that, some 

effects on hurricanes is, are, whatever the' word is, possible. The work 
will shift to the Pacific, as you know, in 1976 without participation of 
the Department of Defense for a number of reasons, and I would 
assume that it might be possible in time to steer major storms. ' 

I don't know whether there is a notion within the state of the art 
foreseeably how one would oreate a stu,Pe)ldous storm, of the tYl,le 
that a hurricane represents and steering IS a word that the people ill 
the field don't want to use. 

In fact, one of the dilemmas now, I suppose is that it would be 
easier if there was feeling you could steer a hurricane. Right now 
what you can do, perhaps, is to spread it out a little bit and that 
leads to a question I now ask our scientist friends each tinte we meet 
as a study group on inIplication of weather modification. Which would 
you prefer, a hurricane that was coming in and would prooably hit a 
shoreline 50 miles long at 100 knots, or one that was coming in at 85 
and would hit the coast for 75 miles? 

,That is a terrible dilemma and I almost hope that science doesn't 
find the answers to hurricane modification. 
, I have no technical information as to whether this would be feasible. 
I would like to make one point on scientific information, 

EFFECTS OF MAJOR INTERNATIONAL PROGRAMS 

Dr. MacDonald, in his eloquent statement, spoke about halting 
this ,kind ,of research; that is, the I?otential of using weather modifica-
tion ol'p,ther envirQnmental techniques for 'War. , "," _ ' 

We ihRke a comment, maybe a suggestion if you choose to take it 
that 'Wa~ that one might verr well argue that 6:A.RP[Global A1;tilos­

, philric:J,'tllseaxch ,Progratil]and",all"df-the i>'ther ~jor scie1f£ifio 
progi'lims inatinbsphere shol1ld be halted be(Jrtuge those are theldrids 
of programs that are going to demonstrate and give us the, knowledge 
andperhapsgiye the 'basisfor'eventually' doing this 'Sort' of' 'thing, 
oontrolling the weather. ' , ' , ' , ," , - " ,,' , 

I don't think that most of the scientists have any feeling that-these 
majo, tinte,' rnati,on&Jlprogramsshpuldceas, eand'yet those, are the'ones, 
I ,rather ''think, 1lOt·ths'Iimitlld:WQrkin-onaitiolllll\:lietense ·labotaOOliies; 
:whiohare' going to forinl1hs J)asis .. 101''lfltimate~ wea:ther!ltodifi6ation 
,00 a very large scale conceivably.·' ',' " ' , . " ','" ' '. 
'Senatol' PELL. Tharik you. ' . , 
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INTERNATIONAL LAW AND WEATHER MODIFICATION 

What international discussions have been taking place concerning 
the possible extension over weather modification of the body of 
international law that is being .developed in connection with nuclear 
testing and chemical and biological warfare? 

Have there been any international discussions on this subject we are 
talking about? 

Mr. TAUBENFELD. Not formal that I know of; very little on the 
informaLside .. There are, as far as I.know, and agltin speaking as a 
professor of law, there are certainly no formal international agreements 
that. the United States and other c.ountriesparticipate in with respect 
tq weather modifications. , 

The United States has talked informally to Canada w.!len we 
wanted to seed over the Great Lakes. We have talked inforinally to 
Cuba and to the British about the Bahamas, about the hurricane work. / 
We certai.nlY talked to the Philippines about potential hurricane 
modification. The Japanese we' ate t8.lking to informally because they 
are very upset about .the possibility of our doing hurricane work and 
typhoon work in the Pacific and I don't know if anyone has talked to 
the Chinese Communist Government about modification. I would be 
interested ill their reaction. 

Senator PELL. If it was correct that the United States employed 
weather modification techniques in the Vietnam war, specifically the 
insertion .of silver iodine in cloud formation, does such an operation 
violate any present existing principle of international law? 

Mr. TAUBENFELD. As far as I am concerned and as far as my studies 
have' gone (I have had two teams. of students trying to work this up, 
too), the answer in my judgment is no .. 

jUSTIFTING WEATHER MODIFICATION UNDER INTERNATIONAL PRINCIPLES 
OF SELF-DEFENSE 

Senator PELL. Do you believe the United States can jusify the use 
of weather modification as a weapon under the international principles 
of self-defense? . 
. Mr. TAUBENFELD .. It you are talking about rights that involve 
also consideration of United Nations Charter,that is, no use of 
armed force except in self-defense, then we .can only-justify any use of 
force; in that context. I would have to, at this stage of international 
relations, andconsiderin~ wnat I judge to be the very limitedcapabili­
ties¢ we!'-t~er modifica.tlC:~n,techriiques, answer,a.little bit as P,jerreSt, 
Arn~d did ill the quotatIOn you read. . ..... '. . ' 
"WIi,iLther i~ if you lUte, a potential weapQn, and I see no reason why 
,i~ ,sliPm<l n~t'be used;legJillYo~pea~g, J,cl!l)llO,t in,fIlCt,mYllelf"ee ,anY 
reason ,'why, 'l,t shoul<l not, III the present state ,of the arms control 
legal framework, be: used from th.e moral point oiview. I~itispossible 
to prevent the' enemy from getting to ,the battlefield With guns and 
equipwentI>ymakinga.road muqdy-, itis veryhar#orme to see why that 
shpulli:bejllegal w-henitis.permlssible to blow him up once. he gets 

" there"lpidthat.a ,.djCbotGmythat is very hard to understand. . 
,.No'W',.if you are t~ ,about some future worth, in w!pCb wahave .• 1::::W:~.!h~~. over all kinds of weaponsci!,l·nghting, I,would 

, 
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C:OMMENI)ATION OF' WITNESS' 

Senator PELL. Well, .1 thank you' very much indeed, Professor 
Taubenfeld, and thank your wife for her contribution. to your state­
men~ which we look fo~ward to. enjo~ing. And. this. con<,lludes this 
hearmg of the subcommIttee whIch WIll now adjourn subject to the 
~~~~* . .. '. . 

[Dr. Taubenfeld's prepared statement follows: 

PREPAR!!lD,'STATEMENT OF DR.,HoWARD J~ TAUBENFE'LDj INSTITUTE-OF'AEROSPACE 
, LAW, SOUTHERN METHODIST UNIVERSITY, DALLAS, TE-X. . 

, While'lhe evidence th~t the United States was' pr~bably enga.ging in some form 
of- wea~her, modifioatiO;B: ·aetiv:ities, in· Southeast' A:siatseems-,to'--be-one:of·'the most 
import84~ ge~era.torB of current efforts t,o ,bar-, by treaty, environmental inter­
vention ,bv the military:,1 BOll).e COl1lmentatOrB h8rve been ooncerned with the possibly 
diaaatrouB effects of- oonsciouB and. unintendEd ,la.rge~Bcale weather modification 
aotivities· for many years -now.1 _ For 80' 'number -Df ,reasons, developed here8.fter, 
while we remain very mu~h disjiurbed by.th. e major-political conflicts and serious 
systemic destabilizl'tions whicl\, cap.. pe expected fl, ,certain large·scale ,weather 
modificatipn techniques become<operational we can only,support'the'creati6n of a 
treaty of the tYJ?e. contained in "the Pell'resolution" after modifications 'and- then 
with some remaIning reservati9ns. . , 

We do not prop,ose to rehearsejn detail here matters which- earlier subcommittee 
hearings and several other publications 'have examined extensively,. In"brief, these· 
earlier _materials, as well as ,many discussions, over _ the ye8irs -among concerned 
individuals 3 suggest that, suppor,t __ ofor the, Pell Resolution comes from diverse 
sources and ooncerns, most of which contain the kernel of an important considera­
tion for SOCiety. In varying degrees,-these include concern,over (a) the potential 
risk of major and/or permanent· damage to the world environment or to that of a 
country from unrestrained intep.tional.lal'ge"fl,caie wartime modification,activities'j 
(b) the possibility that modificatlon as a, weapon may be indiscriminate in its ef­
fects, and/or its results may be very difficult ,to control or even to predictj it would 
thus tend to damage the Civilian, as well as the military, component, of- an enemy, 
and, indeed, it,might damage non..enemy regions as welll perhaps-significantly for 
it might trigger much larger c).imatic-cbanges than were mtende-d. In general" these 
two can be summed as tlie fear of a dellberatel;r induced poorly.control1ed natural 
catastrophej (c) it might be most 'useful pnril~rily against "civilian" targets; 
(d) the possibly destablizing effects of weather--switohing knowledge in the.hands 
of one or more nations'which could 1.1se it as a threat-of huge scale damages in war­
time and"therefore as a type of Utotal weapon/' or siinply as-a means of improving 
their own weather in a way which might damage. the weather"of others signifi­
cantly !'_ (e) the feellng among scientists and others that "s-cience" and the' work 
of weI ... meaning "scientists" should not be used for such purposes as, we&:eonry 
and certainly not f'or the elaboration: of new "total weapons" of this type; (f) the 
feeling _tlu\t, (12 any- move or ,(2) any, credible,' safe',move towards "arms- controlll 
is' useful-a-- I s-tep ,in- th~ right' direction" -towards establishing, eventually, an 
overaJl'~rstem 'Qf ar~s ,limitation, and ,con,trplj 'and' bi11ding _international :con:fiiot 
res-olutioos- institutionsj (g) the feeling tha.t one is ;liere-' intervening in ,Qod'_s 
handh"""kand that this.'is)·.f necessity, wrong and'dangerollB. Of thesek'it i. 
prim~ the first three and'll~ost espeCla.lly.,oonQern:.Qv~r the possib,le em,ergence 
01 whatm;ght well be a,new total weapon even less,controllable·.than,the·eXlstent 
ones,which are' allUded to- in the -Resolution :and -the··draft -tr_€l,aty- as' bas~s' for 
concerned action. We Will return briefly to all but the Jast of these o.tJier cOrieerIt. 
as well. . ' -. 

,To.-accomplish its ends, the ,treaty proposes a ban, lI~t any place;" on', ('any 
environmental or, geop4ysical modification' a_Qtivity Q$ a' 'weapon of war" and on 
uat;ly. rese,arch or experimentl),tion" directed,:to that _end; 'while f0!iIllally excluding 
Hany res.earch, experimentation, or use for peacefUl purposes." Weather mQdiftea~ 

1 Bee, generally Davis; "W68tber Warf&re: Law anjl Polley," it ,ArIz. L. Rev. ~ (1978), and,lloJl1'C6S 
cited.', -- '_ . 

, I Soo Taubenf61d,& T-aube'nf~ld. External Res6arclr'Beries",U is. De:pt. of State ,1008:'u'l'h'~ 11lte~tlonal 
Im_pUeattons ofWlmther, MOdjflOeition Aotiv1t1est- j -'Some International Il'l1-PUO!\tlons of Weather Mod1Q.ca-
tion Aetivitles'~ xXitn [ntl; tjrU' 808'(1900); ana'SOurces clted'in theae two items. ' 

~ For ex6mple, at the alldily meeting on weather ttlodUloation at the AA:A:8 meeting here In Wa,shlngton 
in'December; 1972.' " - . - ,-" 
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tlon is defined"" Including anY activity deelgned to, or In fact effectlng precipita­
tion change, hall, lightning and fog change, storm system change and long range 
atmospheric effects anywhere. 

While we have lo~g shared this Subcommittee's conoern about major environ­
mental' alterations and have' often' cited Dr. Edward Tellers prediction' -that 
"weather" might be the cause of the HlastlJ world war, the present draft treaty 
seems both too broad and too narrow to adequately imprOVE:! human security on 
Hspaceshir. eaI1!J;lt once we can deliberately make major, widespread and/or 
irreversib e moaincations in the weather and,even the climate. , 

1. The I?roposal i. too narrow: 
(a) While weather modifioation technology is, today, concerned with at best 

modest, .short.,run changes in relatively small geographic areas, it is, the possibility 
that large-scale changes in climate may occur which should be -the focus of concern. 
Whether such changes come about as acts of war, from unwise large-scale peaceful 
exper.iments, from -intentional-acts 'designed'.for other,purposes, such 'as to improve 
a country's own weather"or- clear its forests for other productive uses or, -indeed~ 
from such events as the industrialization of-a new~area,: the effeots on mankin-a 
could be devastating. We do' not now know enough sCientifically to know'which 
attempts to modify nature are likely to be very damaging. or even disastrous. If a 
treaty is attainable at all now, it seoIXJ8'most important to focus on a proposal like 
that !?£gested by SMIC which would prevent ularge-soale" (they suggest over 
one . on square kilometers) or persistent or long .. term modifications; at least 
until the scientific community achieved consensus on the consequences of the 
activity.4 We would of 'course, certainly want'to hroaden this to' add other,crucially 
important criteria from society's point of view before comm~ncing any environ­
mental modifying experiments or operations in which long-run and/or ultimately 
significant effects on others are implied even. if these considerations may at times 
delay the scientific quest. Most important we would like to require that _political 
consensu8 be achieved amongst all potentially significantly affected states. It seems 
possible to argue that each affected party has a right in international law to be 
consulted and quite_possibly to deny its acquiescence to actions by others entailing 
significant damages to itself.' Presumably no state would freely give its consent to 
experiments or operations unless it were convinced that it would not be harmed 
thereby. This in practice is likely to mean that it feels it will ultimately gain there-
from-at least from the new knowledge'sought.8 _ 

Note, however, that this 'traditional approach to limiting potentially deleteriour 
international actions that might damage another state lDcorporates a strong 
traditional bias endogenous in the international system. That bias is clearly in 
favor of the status quo including in this case the""prese:nt distribution of good 
weather, and other desiderata, ,for example,' a livable environment, with -industrial 
development. This immediately expose. the political difficulty in the long run In 

4 This also seems stmtlar to the suggestions supported by Dr. MacDonald at-the IIPeU Hearlngs" In luly 
-~~-.. . . a 8ee Tanbeideld and Taubenleld op. cit. suptra, p. I, not6·2. 

e 8ee Taubenfeld and Taubenfela. In some cases it might well be difficult to secure this kind -of Inter-

~~~~:,atnaW:~Jres'\¥~':'~Te;r~r:ob~ ~fh:t:::~~t";!g:y~\~=!~~ ~es ~~h~~;i:ug~e~l 
and salety of the experiments had been achieved., The Needles did hot prove to be hazardous. But the risk 
was-taken' for all by the U.S. Surely some better controls over-possibly hazardous experiments In nature are 
desirable. But this remains a complex problem. For example it appears likely that some nations not ready 
to exploit new soieritlfto or technoloRlcallnfortri:atlQnmay not beanxious to have It developed, not until they 
are ready to obtain their share 01 the benefits therefrom. This matter was discussed In the Ocean Affairs 
context in Mexico at the AAA8 meeting of June-July, 1978; So far, however,lt appears that scientists have 
normally-,been able to Hwork thil!P out~' WhE!n they aim to undertake an International experiment (or one 
whl6b would stgnlflC8ntly Impact the territory or seas or people of another state). One popular. pragmatic 
syatem:bas been to interest their Parallel counterparts in other nations in persuading their governments to 
allow the: scientiflc reaearch-i'n which ,they could partloipate to take,place. For this internatlonal'system in 
wJlich staWAlan bar, entry to SQtentlstathis seems a poUtlcally p_raoticalapproach. But as we hav,e been sUg~ 
g6sting, a sc1entlfll) co~ensuson the acie}1tlflc,safety'and thEl SC16ntlftc prom1se.fJI an experiment Is not neces­
sarily siUftclent to assure Its POlitical safety and,the des1rablllty 0 ',fI,n experiment In the oommt International 
system. ThIs tn 'tum sbould be assured 'It would seem. Unfortunately., even If 'each nation looks after Itself' 
and 'political devices. fONa:ottlng·the,lnte1'88t'ohll needed partlcipants'are negotlattld, It Is not necessarily 
true tbat 'experimentation p~t with international dangers-such as Impl10it dangers to the peace; will 
not be a'rmd to by the'experlmentlng partieS. For example, two states ntlght-agree on an jlXPBriment -the 
deleteriousness ofwhfclt would fall prill1a11ly on a third or others. Borne general norms on the safety standards 
and on the,burdens of experimentation-Imposed 'damages seems desirable. It goes without sa.ylng that if ~ 
is not sutD.oient for such considerations to have a consensus among the experimenting states that it Is cer­
tainly not 8uffi.clent to,r .. tbe safety Ofhumanit~, or for securtty olthe peace, to'seek to secure only a consensus 
amoJU[8t, the sctentlflc community.---Of-course ,me scientiflc,communlty's Input,as to ~e aafety\,promJse_and 
scientIflc. Imp l1. catlons of and Im.pacts implied by the_experimentatlonln ques.tlon would norma Iy be heavily 
weiabtedJn the ,decislon_proC81\888 of most sooietles. And including some agreed provision for encouraglng,the 
rre&aOltt of the scientific quest .. !t the Internatlona11evel, so long as,lt does not endanger other very Important 
human v$lues (only one fJf,wruch ,is, physical aalety; another for example, beine pe&e») seems highly des1r~ 
able. Internatlolial stOOy as to how thiS can be implement8d.-the Institutional alternatives for promoting 

, solence'-aately Mml8 UkeWIse'destrab~. . 
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adopting a conflict resolution strategy relying primarily on such a self-negating 
agreement as that no state will harm an'other by inducing environmental or· 
weather changes without its consent. Such a self~denying, system has not worked 
in the past and oaDnot be expected to work in the long run to control international 
conflict over resources- and the weather as a major resource. The. problems are 
obvious. What about those states initially poorly endowed with good· weatl).er 
like the Soviet Union? OJ,lce they learn )low to improve their situation and beo6ine 
strong enough to challenge the' status quo, they caD be expected to make efforts 
to recarve the status quo distribution of good weather even_if-that should happen 
to impose some lo.sses on other ~tates. They may try to ,~et consent by threat or 
threaten war for retaliation. Hard bargaining and repetItive international crises 
and escapp,des of brinksmanship can be expected if impi'oving'one-nation's weather 
dramatically must entail serious losses to another-unless these potentialities are 
somehow successfully neutralized by better con-flict resolution machinery than 
has ,been' adumbrated: at the international level in the past~ 

This can be thought of as another version of tbe,ancient problem of maintaining 
the peace: how to accomplish and accommodate peaceful changes of a redis'­
tributiOnary nature in a system in which the.,consent of the damaged parties has 
to be obtained,,, not primarily for legal reaSIl~S but because o.therwise they may be 
expected to fight for the status quo if they believe that will help them improve the 
outcome.' Various ways of imposing changes-in favor of the strong at least, whioh 
are short of war, do exist, for example, by diplomacy, including promises" threats 
and various expressions of superior bargaining pow¢r based on- various sources of 
power, economic, geo~raphic,- psychologi~a1-legal, as well as political, €ltc. all 
compounded togetlier In some internp.tio~ttl forum like the U:N. (A court won~t 
do for the Power demanding more than its status quo rights.) But all too often 
war has become the ultimate engin~ of redistributionary change in the inter­
national system~ In conclusion then, tho\lgh w~ do suggest tru"t any treaty on 
weather and environmental- modification adopt this normal legal and political 
strategy for allowing a sovereign the f-reedom to act to improve his knowledge or 
welfare, to modify the weather, for exagtple/ only with the consent of other 
damaged parties in cases where these activities, ,are Jikely to affect other nations' 
weather and resource bases in ways they do riot consider desirable, we do not 
consider this, would be likely to· be"in the long, ~n a\suflicient design of a political­
institutional setting for accommodating major international weather modification 
possibilities peacefully into the international systein, particularly if-redistributions .. 
are unavoidablB---'-if some weather must'be worsened, as seems likely. As a begln~ 

. ning, as a part of a strategy for which there is good-historic precedent-.-for keeping 
the peace until a more adequate instltutillnal design c~n be negotiated, we propose 
such an approach, with the cav~at that it' does have a -conservative status quo 
bias and therefore is likely ,to be challenged eventually. on this ground by n~tionB 
which might gain disproportionately. '1 , " 

At least initially it is likely to constrain !;Iomewhat, the .pul13uit of scientifically 
or politically dangerous ex;perimentation to require. that a~ likely ~significantly. 
affected paxties be (1) identified and (2) consulted for their agreement. Note at 
present levels of· sQie'ntific, knowledge even' the ,first: of- these, ,tlie, identification of 
all partieEllikely to'b~ impacted in the long"run',by 8i:,modification experj,moo.~' or 
program :tequires much more'inform:ati6ri than is''pr'esehtly available.'!! To)get this 
would necessitate normally much more "exp~tp.ent,ation in oQmputers" 'or- if 'it ' 
!~ ab,~p_~}lt~y;necessarYit? use-a, h~4l1, e~vl.ro~m~~}~."it,laboratprY"tbi~,woul.d 
III 'logtc> requIre 'both 'careful precautions to linilt thEi effeots on humans-and ;1;helr 
envh:onm~n~ ,Qf eXPePm~nts,-:tQ ,find ouJ abpuf,. ~p~~anq, ~~ more QQmpre­
he~si'ye' ~ffQrts to ~~rri:pe~s,~~~, t~Qs~ da~a~e9_ ii;l.~h!~- p'~fSuit of ~sentia1. ,sQ_te:ntiflc 
kno~led.ge·th.n has been;j;rMlt,onlil even '.n .the~r.dlt\q~&l U.S. ~l!proaQ~to the .. 
U"bility·oftho,e WI\~Atr¢ct othel'!; .delet~loti~1.y ,,'the Pllrsult otlil\owledge fprc·, 
the. benefit 'of-all' by's,CI.·en.' ,ti.fic 'e*perlin. ' en. 'tat.iOn;, T .. hUS. ' i~ ,su~n, .we .slJlgesthtb~t.,t. 0, : 
protect humanity, its weather and' eqosystem:and the 'resource bas~, of,.:t:tl.~.Jla.tiona '. 
of the world collllntl/iityfrom deliberate Or unexpected bilt in prinCiple foreseeabl. 
damage' due to scientifio experimentation or; later, implementation .in _~~.I,\ttber 
moditicatioD, seismic ,manipulatiorts, etc. tb,$.t .a, t;re~ty,,'be ,SQught, 00., th~ ,broader" 
llnes.suggested.aboverather t!)an Oil the narrows, PeILapproaph\.·· ,. 

1 AIl.d" J,jy..litJD.l e' 801entists who, artl'llkelY '~ dis)ike,',any,lo~ run. ·:,conStiidtl:ts.:nQ,matter'.how':polltfuall .. " y-
or; e1e~ biQIQ&:IC1!i sound. on tbe1r'freedom,to eJplore; ,,' -, " ,'. '. .',' 

8":FQr-e~a.J;nple ternatIve ~ethods,of intentionally._or, unintent\onBlly m~t1ng, the ,Aretta 100 cap Is.uno': 
~ot exPerl'rnent n nature, ftequ(lntly mehtione4 in tb~e'U~ra.ture wblch quite poSstbly might efleet'changes 
'.n mruor weljl.fu~, pat\jterlll!,K.IObaIlY,ln W$:.ys-that ar,e 4 .. eb:a.ted., Scientists se~,agr68d',a1rea.ay: that-anytbing, , 
ltl:te 'tll11J, Wlth»otfin $llY worH:l·wj.de oollS(lqtie.rwes Should not be up.dert ell- untll b"6tter understoodi,or 
Should 'M und'6rtalten orily after' carefUl worldwide 81l1ehtUl0 sorutlny. We av:e sUUeste.d ,tbat worldwide 
political scrutiny .should likewise be required despite the Implled delays In experimentation. 
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If major conflicts over the environment or over the distribution of go~d weather 
are allowed to develop because some states are likely to be daJ)1aged, whether or 
not deleterious effects are intended by those states seeking to modify the status 
quo of nature to their own advantage, major world power confrontations in which 
the use of "total weapons" of one kind or another are considered, seem likely. In 
such a case (1) it seems' on the faoe of it very likely that it would be difficult to 
enforce a Pell~style treaty of self-denial of lithe weather- weapon" and (2) at first 
blush, at least, it would appear in these circumstances, not necessarily desirable 
to do BO. Major weather-switching might under some circumstances be the most 
preferable "total weapon," allowing, for instance, human-lile.to 1?ersist and, in ,the 
good. climes after the peace (presumably occupied by the winners) even to prosper. 
Unless, of course, as also appears likely in the ,case: of.nuolear· powers" the '\Vould .. be 
losers would ,respond with other even less humane total weapons, i.e. with nuclear 
devices-or at least pose a credible threat to do so. 

It seems worth brIefly exploring these lines of reasoning, even despite the wide~ 
spread distastefulness of such analyses. Judging from past experiences with dis~ 
armament commitments the credibility of a self·denying ,treaty obligation to 
eschew using -major weather modification as a weapon is likely to be \>oor in times 
of major war. Should these technologies be achieved, as suggested, It can be ex~ 
pected they will be used whenever, after all the oircumstances are oonsidered, it 
appears likely to be profitable for a state to use them. In this ca.se, the most prob~ 
able techniques involved seem unlikely to be secret or to require sighificant 'con~ 
version to be switched from pea.oeful to wartime purposes. Since they are also 
likely to be generally very broadly sought after and -f,tvailable as a relatively chea.p, 
potential source of economic 8elf~help, most nations, large and small, are likely to 
have credible access to this class of potent ally devastating weapons. Also, this 
could be expeoted to be an un-country" world in the case of the Hweather wea.­
pon" very soon after scientific discovery. How then could any nation really rely on 
a Pell-type self-denying treaty to protect it from this potentially total weapon?' 
Indeed, especially for small non.nuclear states this·would appear to be the optimal 
total weapon readily available, cheap: and less likely to lead to accidental total 
ineversible damage or 'annihilation. -In -sum, it seems 'quite' reasonable to guess 
that, since the teohnology of weather switching is likely to be widely available and 
to result in aless devastating "total" weapon -than nuclear devices, that threat to 
resort to it, if such threats were not ma.de illegal, might become relatively frequent 
in the present international system. ,This might, indeed, also inorease the risk of a 
nuclear counter threat or ~ven a nuclear riposte by the ,nuolear powers. 

-Thus it seems worth attempting to put at least a -legal ban on aggressive use of 
major weather switching or enyironmental modification. Also ultimately it seems 
likely that it would be this-thIS likelihood that if major deleterious weather modi­
fioation becamerossible, it would become part of the menu of terrors whioh the 
nuclear power 0 the nuclear powers, the most total weapon, is balancing, whioh 
oan be ,expeoted to be -the real enforcement behind a Pell type self~denying proc­
lamation, prohibiting' tJ,le 'resort_ to' w_eather 'and, ,enyironmental ,modifications.lo 
But again this promises to work most securely _against non nuclearrowers. How 
to effeotively deter Soviet or Chinese aggressive self~improvement 0 their initial 
weather endowment remains unolear and cruCially important. Again a general ban 
on the weather weapon, plus a ban on damaging others without consent by en~ 
:v:ironmental modifications would- a.t least _establish,,&- .tenable .legal ,posture fat ,the 
;rest,or-the. world,fwhich wou. ld, no doubt, have to be suppleme.nted by sowc orea~ 
tive machinery lor international weather-environment redistributionary, COI;lfiict 
resolution. 

In sum, It appears omcmlto design a . system for managing oJI important 
interna.tional. ',confiicts over', weather 'and the environment, whioh are implicit in 
an unrestrained'scientific free~for.:.all to' discover these techniques of 'manipulation 
of nature, followed by an unconstrained economic oompetition to grab off the 
best modif!oation of the or~n~ natural distribution. It is t~~se comp~t!tions 
among lnalQrpOwers which areUkely to be radlcoJly destabilizmg in th)smter­
nationahystem; and whioh therefore attention should focus upon primarily • 

• Indeed, the ~ther weapon may never be usedf. as ,as has not generally been since the First World 
-. War beea~ tt 1$ too difficult Of'oostly'to'eontrol ana'mf ht boomerang. 

10 ~bou1d the international system some day suooeed n removing this nuclear deterrent to aggressive 
weather switching for peaceful or war purposes then the 'self-denying obUgation not to use weather-environ­
ment aggressively or to clatnage other nations even fOfj)6800ftil p~ could. again la.ok,enloroe$blUty 
and. credlblUty. Even so, since mos.t nationS .. could quite 11Qb" be exJ)69~ _to be able to resort to the weather 
W8$pon, it 1s less_Bitely that tlwrwoUld' lead 'to a'.untlater8ll-y:dest$.blHzing,.difILl'm&ment,_,And,·more im­
portant, a world that could achieve a cied1ble nuclear disarmament woufd PreB1lJllBbly provide as well 
a much"safer, less volatUe world system than the' primitive community we nave been assutning which 
~es-heavily ~r stabiUty on this balance of terrOrs. . 
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In, addition, it seems evident that it has to be the world~s business since it is 
llkelyto.l;>e a cause of major int~rnational conflict if a·new ice age-or some other 
major ~nvironmental perturbation is precipitated by nation, A'a,use of wide-scale 
nlOdifica.tion in a war with nation. B, 9r by the,industrializa.tion·of Mrica,11 or the 
clearing of the Brazilian forests, or by the scientists of country C in experimenting 
with climatic shifts, or by the actions of the Russian state in seeking to ohange the 
direction of rivers to bring irrigation water to central Russia or to wllJ'm an Arctic 
pOft. We do not suggest that all iB;sueS ,be lumped together or that they can be 
treated identically, but ,some potentially productive approach to ,all of them is 
now caUed for., ' . 

F)1rtheJ;"mq~e, sjncEll, ;we' can aesume, thf\t no nation would like any other nation 
to _be arl~ to" or to ,have, flo legal right to, initiate major weather changes which 
would affect it deleteriously, and since at present no nation' l).as achieved that 
capaoitf,. this would -seem a re~sonably promi!3ing time to seek a generally bene~ 
ficial ,tr~aty arrange~ent for ~lt~ ,c(;m~rol of ,damaging iI),tervention in_the ,weather, 
CUlpRte-or ,environmetlt>. Perhapl;I'~ trrt}aty (o,r even a:-UN declaration) of the type 
w.e suggested in 19,68,Is'in ,order on-the Peaceful Uses of Weather MOdifioation 
Capabilities. In contr¥t with the preeent Pell proposal we feel this should-include 
an attelllpt to forsee amI. ¥leu,tralize as far as p.ossible all the important dangers to 
the peace potentially -implicit in ,these new teohnologies. Such an effort ,would 
includtLPledges OD' , . , 

'(1) ,The inviolability of all nations' ,resource bases" including the rights/to their 
norm,al moisture and their weather." 

(2) ,The !light of each nation to permit or 'conduct controlled exp.eriments to 
control and impro:ye the national wea,tbe,rrso -long: '*,s ~his is not unaerta,ken ag­
gressively but undertaken. with due- Rare for the req!lis,it.es of safety and for peaceful. 
purposes and does not affeot otl,ler nations' parall.el rights and -rights under (1) 
unless the ~xpress ,or tacit consen~ of the latter, is obtained,., . 

(3) The need for international oooperation through·: information sharing" con .. 
sultation, joint programs and/or controls, possibly with licensingf to' achieve 
beneficial use of the possibilities of controlling weather modifioation for the 
greatest, benefit of all mankind and for sharing the costs and gains fairly. The 
forms cooperation will take should keep paoe with knowledge and unfolding tech­
nological ,capabill ties. 

(4) The need for international o09peration among the affected states for effec­
tively controlling pollution and ·the damages from inadvertent weather modifica­
tion while assuring the right to pursue industrihl, 'develop1p.ent to all., , 

It is, surely time now to,think,further- about defining' and, achieving the optimal. 
international, institutional strategy .for regulating_ the whole ~potential range. of 
enVironmental modification activities to assure they are norm~y undertaken_ only 
in the common interests. _ " , ' 

Some years-ag~_we suggested, not hopefully, but'not,entir~ly facetiously, that, 
since the developmen.t of any capabilities to create ma'jor -weather changes might 
b,e extraordinarily destabilizing in, t.b:e current world, systerg.. of order), that all such 
major international research projects ill climate and weather ,as uARP" which 
are desiJ¥l:ed and intended to yield- tlJ.e information which_ would make a IIwea.ther 
weapon. -mu9h -more of a real Possibility., _he postponed'or 'ha.lted until su.ch time 
as -tbe 1l,eoessary; actions to cope peacefullY.with these possihUitieJ:! also seemed 

likW.' ciQ.~- "not realistio~Uv' expeQi the ;cientific _C9l.llmupitY·, to- wUlingly, ~ve up 
such' major quests fpr understanding. We-therefpre'agree' with the Subcommittee 
that int~rnational action qf s<;Jme' sort t(), 8,afeguard. humanity from the dangerous 
l'otenti~~.o1 s\lc.h neW knQwledg.is~aIready apprQPtiate .. We. !eel, how."er, that 
the-'app);~aCh to It\rge-scale, wep.ther modification.shou~d be more inclusNe than 
thato! the proposea treaty inw.'I"Y§ I'lre"'i)kment,oned: We also feel ~hat the. 
tr,eaty gpes too.f_ar in,otber'resp,ects.", '~" '" c,;'; ,;" ': '. " 

2. The proposal is;too.,broad-: _' : ;,' '. ' 
(a-); There are several possible,modification teohniques'which seem, inappropriate 

for banning in part for flumal)itarian reaspn~ at least so long as,armed conflict by 
traditional weapons remains -internatlollally lawful. The most obviQus __ case is 

11 The "lndustrlaUzatlon.pollutlon" set Is clearly very untractable·without some modification of the 
cunently typical actions, of the actor& ~n the internation81 system. It 1& by no means Imposs1b,e to thl~ 
of approaclies whlQh would induce tire developing states to cooperate to niJnlmJze world problems. 80 long 
as they,do hot hE\ve to paylor thls-lultUry,' > 

U Sinceltmay be sclentifically'the c8Se'that anyntodlftcation effort'may have some, effect, however BllJtht, 
on another (Of on every other) country's weather- r~ourc88, -It should :be made clear -that 'this, princIple 
doe/fnot bar all actlvtties. It an effect 1s minor and unintended, and ,can- be l1ladlly at).d fully com~ll8ated 
lOr, itpreSuniably should be tolerated. 'thfs principle makes It clear that damage must be avoided',where 
possll,)le and paid for where minor and Inadvertent. 


