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WEATHER AND CLIMATE MODIFICATION 

(Remarks to the . Senate Commerce Committee 21 February 1966) 

By 
A. R . Chamberlain 

Vice President of Colorado State University 
(Served as Chairman, Special Commission on Weather Modification) 

Gen tlemen, it is a pleasure to discuss with you the results of the work 

of the National Science Foundation -Special . Connnission on Weather Modification as 

you consider S .. 29-16-. .. -The Goromi.ssi.on was chartered to make reconnnenda tions to 

the National Science Foundation and to provide a response for a committee of the 

Federal Council on Science and Technology . The assignment included consideration 

of the physical, legal, social, biological and po litical aspects of weather and 

climate modification. 

INTRODUCTION 

Man ' s growing knowledge of the natural environment has given him an 

increasing awareness of the changes taking place in his earthly habitat . For­

tuna t ely, his increasing knowledge has also indicated some possible means of 

deliberate modification of the environment . This knowledge may make it possible, 

hopefully, for h i m to p lan for conservation and development of the environment 

for the benefit of man. He is at last learning he cannot consider himself free 

to heedlessly exploit the air, water, land and growing things of the earth . 

The central issue of public policy considered by the Commission was : 

Do the scien t ific and engineering possibilities of meaningful deliberate weather 

and c limate modification seem sufficiently promising of social b enefit to indicate 

the time has arrived for the nation to direct substantially larger resources of 

money and manpower to the many facets of the field? The Commission concluded 

the answer is : Yes; for reasons of scientific, human, biological, legal and 
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international need . Such a national progrBm will require a budget increase of at 

least $4 to $50 million per year by 1970 over the F.Y. 1966 level for weather 

and climate modification activities . 

SCIENTIFIC PROSPECTS 

The Commission feels the study of weather and climate modification is 

ready to pass from being .considered a speculative field to one ready for a rapid 

expansion of carefully planned research and development . Many interesting and 

potentially va luable opportunities are becoming evident that will attract many 

of the nation ' s best minds to the field if fiscal resour ces are made available 

to support the intellectual talent of industry, academic institutions and 

government agencies. 

The atmosphere can be viewed as a complex physical system in which 

ascertainable changes in air motion will take place in response to identifiable 

forces. If the forces are altered, in principle the motion of the air can be 

influenced . Therefore , in principle, meaningful modifi cation of the weather and 

climate should be fea sible if one can demonstrate the capability to alter these 

forces so as to produce predictable consequences . In a practical sense, i t is 

necessary to establish only beyond reasonable doubt that the cause and effec t are 

related. As ide from inte l lectual curiosity, this has been the central problem 

of weather modification research . 

Progress has been made . That seeding the cause) can dissipate super ­

cooled fog (the effect) ha s been so clearly demonstrated it is moving to the 

operational phase for some airports. 

On a larger- -s.cale, there is evi.dence (.though J,&Gme.what ambiguous) to 

support the v i ew that precipi.ta tion from some types of c.louds can be- incr.-ea,s.ed­

by the order of t en percent by seeding . The question of corresponding decreases 
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outside the target area is unresolved. Hail and lightning research is beginning 

to show somE promis e. A program of large, careful ~y instrumented and statistically 

designed fiEld experiments is needed . These will take a great deal of money. 

Tte study of the energy levels of atmospheric subsystems such as torna­

does, hurricanes and extratropical cyclones leads to the conclusion that it is not 

practical tc think of altering these subsystems by direct application of energy. 

Yet the stucry of ins.tabilities in the atmosphere indicates at least four kinds of 

instabilitiEs may be susceptible to man's efforts to "trigger" .natural reactions . 

These instatilities --1) phase instability of water , 2) colloidal instability of 

cloud partic les, 3) conv ective instability of the atmosphere and 4) baroclinic 

instability of the large scale circulation--will a l l require a great deal of 

theoretical> laboratory and field research . 

Irrproved prediction of weather phenomena may be as important in .many 

cases as mocification in terms of social and economic benefits . For this end and 

others a glcbal observation network will be necessary . Numerical simulation studies 

need to be EXpanded. 

Tre Commission was greatly concerned about the inadvertent modification of 

weather and climate underway due to the activities of man. Air pollution from our 

cities is ar example. This is a problem of grave importance . Little is understood 

of the weatrer and climate modification being induced by this means . 

Ncn -atmospheric means of modifying weather and climate need to receive 

increased attention. The atmo-sphere interacts with the expanses of earth and sea . 

Man's ability t o induce large scale alterations of the land and sea continues to 

increase . Tue possible consequences of such alteration on .weather and climate 

need a gree t deal of study . 

TI-_e Commi-s-sion concludes the scientific and engineering pro.sp.ec ts of 

meaningful progress in weather modi=ication are suf ficiently attractive that a 
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great deal nore manpower should be drawn into the field . This expansion of activity 

will requi1:= talent from several disciplines . Also required wi ll be a great increase 

in the logi3tics support for field and laboratory research and operations . The 

results of -ncreased intellectual concentration on the field would be important nJt 

only to th03e interested in precipitation augmentation but also the entire field Jf 

atmospheric resources . 

BI.OLOGICAL RELATIONSHIPS 

A..ything that has a significant effect upon plants and animals is of 

primary corcern to man. Plants and animals are the foundation of his exis tence. 

Modifying W2ather and climate may initiate changes in the abundance of certain 

plants and ~nimals. It .may also induce instabilities in numerous biologic popu­

lations--including tho-se that prey on .man and challenge his existence . Thus, a 

national pogram of weather aLd climate modification must include support for a 

substantial research program in ecology and related biological sciences . 

'Ihe present state of knowledge is very inadequate for making good pre­

dictions of the biologic.al consequences of specific weather modification projects 

except undET limited conditions . The ecological system of agricultural fie lds is 

well enougr und er stood that reasonably good predictions can be made . But in a 

more complex system- such as that of l arge .uncultivated -watersheds con taining many 

species of interacting plants and animals it is not now possible to make quanti ­

tative prec ictions . 

Iiv ing things are adapted to the weather that prevails . Any change in 

the weather will be gene-rally deleterious to them . Weather and climate .modifica ­

tion over l arge areas of a few .h.undr.ed sq.uare .miles or larger for long periods 

of time is likely to induce a _dec.r.e-a,.sed s.tability of biolo.gic .c.ooununities . This 

instaoilit} would manifest itself as an increase in pests, weeds and pathogens. 



-5-

It is extreme l y important that a national weather modification program 

involving large ar ea-s for field experim€nts have fiscal support for ecological 

studies by numerical simulation anc field study . To obtain a net benefit from a 

biological point of view will require much better knowledge than now available of 

the interactions of weather and organisms . Such research is expensive . Such 

studies span many years for obtaining meaningful conclusions . 

The largest social credit item for weather modification is likely to be 

an increase in primary plant production of the drier parts of the land surface . 

STATISTICS 

As is well known, a controversy among statisticians over the validity 

of the conclusions of early research did not enco.urage weather modification re­

search during the late 1950 1 s . The situation is better now . The current central 

question on the role of statistics in weather and c.limate .modification research is 

not whether to us e statistics but how to use it in the early design through to the 

analysis of the research data . 

The national program in weather and climate modification needs to pro­

vide for support of statisticians to work on all facets of physical, engineering 

and biologica l studie-s in the field . Further-more, -support is needed for basic 

statistical methodology res earch. 

HUMAN EFFECTS 

Sound .public policy in the face of uncertainty about the techniques 

of weather modification requir es that research also be initiated on the social 

and economic effects-. - ,&uGh· r-esearch is neede d to fully exploit what .may be .an 

histo~ic opportunity to improve the environment for society, and at the sBme time 

be prepared to avoid activities which might be detrimental to man . So intricate 
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are the in erlocking motivations in human behavior that subtle changes may be 

initiated y weather modification and not even be detected . Some beneficial 

changes, SLch as bountiful crops and their impact on the economy, can be readily 

followed. But because the organization of society is so complex it is not evident 

whether th~ quality of life may be enhanced or degraded by every possibility of 

weather anc climate modification . It seems clear, for example, that the power and 

motion of ;. evere storms .provi.des ..sorn.e of the ...most - exhilar.ating opportunities that 

the human nind experiences . Would it be of social benefit to completely control 

weather anc remove th~se phenomena from the realm of human experience? How could 

one put a .... alue on such a possible de.gradation of the quality of the life experience? 

~roman .economic point of view many effects of precipitation augmenta ­

tion for c -::- ops, hydro-e-1-ectric power, e tc .. can be fairly readily measured . But 

other effe :: ts might - not be -so simple to evaluate . As an- example, what, would be 

the econom_c, social and political problems of shifting a hurricane so it hit 

North Caro _ina rather than Florida? To learn how to deal with such problems 

in advance of the technological capability, in the face of large uncertainty about 

the c.bilit.r to modify .wea,ther, will require a great deal of effort . 

3everal areas of potential conflict of interest are already recognizable . 

Public policy should seek to provide a means to reconcile conflicts equitably . 

It should ::seek to prevent vic timization, either by people who mistakenly think they 

are gainirg benefits or of individuals who are unaware of damages being inflictei 

on them . ::::onflicts may arise between those trying to conduct experiments and 

those wisting to carry out operational proj e cts for utility or agricultural 

clients . 

A national pr.ogr..am. on_. w.e.a.ther .and climate modi.fica tion. s.ho.uld include 

support fer research on the social and economic con&e.q.uences of alternatives . 

For examp e, it might be more profitable to pursue research in crop genetics to 
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improve drc ught resistant crops than to augment precipitation . Further , if 

weathe r moc ification induces serious pest and weed problems the costs of these 

might overE hadow the benefits of increased crop production . Because the answers 

to su h quEstions are not known, research is needed . 

Ee search is needed on the basic relationships between weather character ­

istic s and human b ehavior . The decision-making process of man in the face of 

uncer taint; needs furt-he-r -study , The social effects of inadvertent wea ther .and 

climate mocification ne-e-d - further investigation . The social consequences of 

commercial operations and field experimentation n e ed to be studied . 

'::"he prov iding of inde,mnificati.on .. against damages for Federa lly s upportEd 

work wou ld encourage -mor e .academic, ind us tri.al and private scientists and engineErs 

to seek sui::port for research .and development work . 

LAW 

I- demon&trated capability to modify weather .and climate over ar . .ea s of 

sub stanti a = size pres.ents legal problems of great di fficulty . Yet even before 

such an ab - lity i -s -a&&lH'-ed- the 1-aw is involved on at lea.st two counts : 1) the 

rules over responsi.bilities and liabiliti.es of weather and climate modification to 

other memb Ers of the public, and 2) regulation by government . 

=t does -not -see m- pos-s ibl e to recommend, without a great deal of further 

study, app1:opriate rules- of law to govern "prope-rty right-s in weather " , Ea-sy 

analogies o the law reg.ardi.ng water, land, air space, etc , do no t seem a d e quate 

for t:ie prcblems of weather modification . The liability of weath er modifiers 

with respect to tho-s-e claiming inj ury to their per,son or pro-perty, for .example , 

need to be decide d- on- their own -merit . The f.ew court caBes to date do not give 

much basis for predic ting hew the l aw will develop . 
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~ome twenty - two states have enacted laws regulating weather modification. 

Most of th Ese states r-equire ::..icen-ses . Effective 1 January 1966 the NSF increased 

its record-l<eeping req.uir.eme.nt .and - imposed -on all opera tors a requirement of 

advance notice to it of any activity . This information is an aid to the Federal 

research ar-<l develo.pment effort . 

The Connnission concluded th.at Feder.al legislation -should be enacted 

adequate tc: 

) Delay or halt all activities--public or private--in actual or 

potem:ia l c<Jnflict with weather .and climate ..modification programs of the Fede-ral 

government,. whether these progL:lrns - are conducted for the Fed.er al government by 

its own agEl:lcies, or by its public or private grantees or contractors. 

c) Immu:iize Federal agent-s, .grant-ees and contractors eng-aged in 

weather anc: climate modification activities from state .and local government 

inter:::erence. 

~ Provide to Fe.deloal grantees and contractors indemnification or 

other protection .against liability to the public for c:Lamage caused by Federal 

programs of weather and .climate modification . 

'Iiese recommendations are restricted in scope because it is felt that 

regulation .should be o.n-ly the ,minimum -nece-s,&ary fer permitting accompli-shment 

of innnediate goal& . As knowledge dev.elops .Jnore - c.c.mprehensive regulation will 

be requirec . And since .we.a.th.er tr.ansv.erses ..nationa-1 _bo.undarie-s study .needs to 

be made of inter..natio.na l legal prob.lems . 

INTERNAT.IONAL 

~ we.a ther and _cl..ima.te .mc.difi.c..alion- r.esear.ch_.and _d.ev.elo.pment .con.tinue 

to expand , :s ome form of inter..na tional .co Uabo.r.at.ic.n will . be....e.s..s.£m-.ti.al in the planning 

and carryir.g out of operation~ which may affect localities of other countries and 
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continen ts far distant from the scene of the operation . Such events have a bear ­

ing on the poli tica l re l ationships .among nations . 

With weather modif ication still in its i nfancy, it provides an inviting 

opportunity to encourage multi -national interest in mutual cooperation among the 

people of rival nations. Weather and climate modification could serve as an aveLue 

to widening the areas of common interest .among nations, thereby h elping in accompl i sh ­

ment of the objectives of eas ing tensions . In the process the field of weather 

modification may be able to contribute significantly i n the .gr.owing internationa l 

food crisis . 

The inte.1;natLonal .aspects of weather .modification r e.quire careful study 

of the biological, social, economi c and political factors . The results of study 

of the se fields in the United States may not be directly .applicabl e to .many of the 

developing countries where the social institutions, b i ological environment and 

political system are different . 

Now is the time to start the steps, in concert with other nations, to 

explore the i nterna.tional institutional mechanisms that may be appropriate to fos t e r 

international cooperation . 

To provide .an appropriate public policy setting for weathe r and climate 

modification, the Gom:mLssion feels the nation should enunciate policy containing 

these two points : 

1) It is the purpos e of the United States, with normal and due 

regard to its own basic interes t, to pursue its efforts in weather .and climate 

modification for peaceful ends .and for the constructive impr.o.v.ement of .human lifE 

throughout the world . 

2) The United States, reco.gniz.ing the interests .and concerns of other 

countries welcomes and- .s.olici ts their coop.e.r:ation, . d i r.ec.tly .and thr.ou_gh inter­

national arrangements, for the mutual achievement of human well-being . 
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FISCAL NEEDS 

Tue Cmnmission concluded that w.ea.th.er and climate modification research 

and d eve lopnent activities of the F ederal government should be increased by $40 

to $50 ~illion per year by 1970, excluding any national laboratory type capab ility 

which might b e initiated . 

These figures .wer e derived by es.ti.mat.ing th.e program needs whi.ch .should 

be increas Ed from the F . Y. 1966 level of $7 . 2 mil l ion of agency b udgets, excluding 

logistical s upport provided by the De partment of Defense . About half of the in ­

crease will be needed for basic research, including such things as much larger 

computer ccpab ility . Mu ch increased support is necessary for conducting carefully 

desig~ed ard adequately instrumented field experioents . 

The budget increases should definitely include funds for the physical 

sciences, Etatistics, engineering, the social and biological sciences, and the 

law . 

Fo estimate beyond 1970 was made by the Commission . It was felt the 

level of fLnding for the 1970 - 1980 period could be much better estimated after a 

couple morE years of experience . The field is capable of going ahead so rapidly 

that long-ran ge cost estimates would probably have little validity . 

ORGANIZATION OF GOVERNMENT 

Tue fie l d of weather and climate modification needs to have the services 

of governmEnt , private industry and academic institutions . It must be able to 

accommodatE participation by the individua l scientist who only needs pencil and 

paper to tre l arge comp l ex organization neces sary for a massive field experiment . 

The following factors enter into analysis of the organizational needs : 

1) There is need to bridge the organization gap between laboratory 
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research and large scale fi.eJ.d ex.petiments; this gap can e.~ist ev.en in the basic 

research aspects .. There is need for organizational arrangements for enough applied 

research to develop the field, while preserving scientific objectivity in the basic 

research effor.t.- .The economic, political and spectacular aspects of weather and 

climate modification operations must not be permi c ted to crowd out the basic research. 

2) There is need for biological and sociai science research to go hanc 

in hand with the physical science and engineering research in support of the missions 

of all agenci es, contractors or grantees concerned with weather modification. 

There is need to preserve diversity in the Lesearch effort, but there is the need 

also to establish a Federal organizational mechanism for accomplishing what cannot 

be done through diverse research activities . 

3) Responsibili ty should be clearly assigned for the formulation of 

arrangements for appropriate scientific cooperation with the governments of other 

nations . 

4) Adequate enforcement power needs to be provided an administering 

agency so as to insure the filing of information relative to all weather modifica­

tion field experiments and all commercial operations . The agency assigned 

regulatory functions should have a regional or field office establishment . 

5 ) The conduct of =esearch and development in this field should be 

kept insulated from activities involving the regulation of weather modification 

operations, but at the same t i me the two types of activity should be sufficiently 

proximate organizationally to assure immediate access to data derived from the 

operations being regulated . 

Based on these considera~ions, plus the fact several Federal agencies 

have missions (such as Defense) that require weather modification knowledge, 

the Commission concluded a pluralistic organization for assignment of responsibil ity 

would best insure progress of an expanded national program . The suggested 
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assignment ,of respo.nsibili ties can be summarized as follows : 

I ) The mi.ssion of developing and testing techniques for modifying 

wea ther anc climate .. should he _as.si.gned to _an exi.s.ting or J1ew .agenc.y in the Execu ­

tive Braner of .the. F.e.deral .government , The mission should include support and 

conduct of -re.s.ear.ch . ..a.nd . develo.pment and such operational activiti-es as are -needec 

for the furtherance of the technology of weather and climate modifica tion . Sub ­

stantial aLthority to contract for services should be provided , This agency 

should havE major but not exclusive responsibility, in collaboration with the St£ te 

Depar tment= for f ormulating and implementing programs of weather and climate modi ­

fication irvolving international cooperation . 

; ) The National Science Foundation should continue and expand its 

support of research in the abnoBpheric sciences, including its program dir ected 

at providirg a satisfactory scientific basis for veather and climate modification. 

This shoulc be carried on primarily at universities and colleges . The National 

Scim ce FoLndation progr.am has been the major source of funding for development 

of manpowe:t for weather .. ma.dif.i.ca tion activities . NSF should be given increases 

in funds fer expanding this s.upport since .the manpower needs will continue to 

grow . NSF should conti.nue maintenance of the Na t::.onal Center for Atmospheric 

Resea rch a~ a facility for the conduct of basic research on a scale beyond that 

feasible fer individual university investigators . The degree of continuing and 

special at ~ention given by the Foundation to the support of the physical sciences, 

engineerin&, the biological sciences and the social sciences as pects of wea ther 

and climat modification should be reviewed from time to time in the light of 

the progre · s of the over -all national program . 

- ) Federal agencies should undertake SJch operational activities as may 

be r equire ' for the effective discharge of their missions . Also, purs uant to 

Executive ~rder 10521, Federal agencies should be free to conduc t and support 
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such research and develo,pment as may be required in the discharge of their missions. 

The. Gammi.s.&i.o.n .also felt that a national laboratory type of c.apabi.Uty 

is needed for .an ,.expanded inte.rdisc.iplinary progr.am encompassing all the relevant 

di s ciplines . . Yet it is not clear that creation of a national laboratory per se is 

the answer . The President's Specia l Assistant for Science and Technology could 

perhaps be called . o.n to initiate appropriate feasibility studies . 

Insofar as the nature of a regulatory agency is concerned, care must 

be taken to insure access of all agencies to the information generated, while at 

the same time keeping regulation organizationally separated from research and 

development . Whether the regulatory function needs to be divorced completely from 

the operating agencies, or can be assigned to a separate branch or subagency of 

an existing a&enc.y, will. depend largely on the extent of activity and the degree of 

regulation required . 

As to the jurisdiction of a regulatory agency over other Federal agencies, 

to the extent regulation inwlves requirements of notice, reports, licensing of 

activities, etc., there seem to be good reasons why all agencies should be subject 

thereto . In addition, the regulatory agency should be given power to resolve 

minor conflicts between agencies, such as the tining of particular experiments. 

The Corrnnission recommends that the Office of Science and Technology con­

sider establishment of a special nechanism for the coordination of weather and 

climate modification policies and programs . Such an entity could not only serve 

to resolve major conflicts but could serve to promote unity in policy and deploy ­

ment of funds and manpower with optimum effectiveness , 

Both the Executive Branch and the Congress may wish to have available 

scieJtifi c and public policy advice from a group of knowledgeable people from 

outs ' de the Federal government . This need might well be met by the appointment of 

a standing committee in the National Academy of Sciences, in cooperation with the 
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National Academy of Engineering . The group should include persons with ,.exparience 

in the physical, biologi.cal . and social sciences .and engineering . 

CLOSI G AND SUMMARY REMARKS 

In closing the Special Commission on Weather Modification was made up of 

eleven men from several disciplines . They were provided background data by numerous 

individuals and groups such as ~ 

1) Panel on Wea.ther and Climate Modification of the National Academy of 

Sciences, 

2) S~udy Committee of the Ecological Society of America, 

3) University of Minnesota conferences on statistics and weather 

modification, 

4) Participants in the University of Chicago Symposium on Economics 

and Social Aspects of Weather Modification, and the 

5) Southern.Methodist University study of certain legal aspects . 

In surrnnary, the Commission feels the time has arrived for the United 

States to initiate a much expanded interdisciplinary research and development 

program in weather and climate modification . This program should be adequately 

organized and funded . Provision should be made for participation by individuals, 

educati onal institutions , private firms, the several levels of government and 

foreign countries . Regulation should be kept to a minimum consistent with avail ­

able knowledge . 

To be able to deliberately modify our environment in a predictabl e manner 

may be our salvation as a society on this planet . 
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