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This could conceivably cause a-crop failure and bring our hypo-
thetical enémy to his economic knaes. First, we would have o be a.E'le
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, world ‘opinion,
if the effort were discovered, and. it almost certainly would be, would
force the aggressor to desist, perhaps too late for' that season, but the

im iwt of world opinion might be such as to make such action unprof-

itable. ' o o

* On the other hand it might just be possible to beneficiate the .

climate—this is the sort of thing f-would like to be able to do—of the

place to the point where the potential enemy. could have such an ade-
quate economic base that he would have too much to lose by en-

gaging in war. : o

‘Lt us assume that & large country was, because of overpopulation,
poor soils and protracted drought, in such & position 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 su C{)ly its own needs. In the end this might well
result in improved: worF relations. ° v
Whether to do this or not is a matter for that country involved to
~ decide. On the other hand we might wish to hel them. With. their

. consent and cooperation one might call upon Ug military forces to
undertake & large share of the weather modification work because
they would have the capability and equipment to do so.

- The trained and disciplined personnel could do it more capably
than sn 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 s well run country the armed forces are a tool of the makers of
- foreign policy; we shou{d keep this tool sharp and available. '

DETECTION OF SMALL-S8CALE '\’_IQLATI():NS AND .ENFORCING TREATY

1 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 an adventure it.is unlikely that &
violation could be detected until it was too late. There is now no way -
to tell if a storm hes been seeded. - R .

It is true that the seeding agent might possibly be detected and
identified. With what technology now exists, it is extremely difficult
todo so because the air all over the world is so polluted by heavy

~metals that the augmentation of ‘heavy metal content of rain caused

by cloud seeding could not be told from that already present. The
science of weather. lll)rediction is not yet so.exact that spiall changes -
produced by weather modification ‘could be detected; Were such .

“changes ‘on & ‘subcontinental scale they- would probably attrict at-
tention. B
"Were they to attract attention we should be faced with the problem
of calling the malefactors on it. Would thi%beiaettled easily by diplo-
matic negotiation or would we be obligated to meke them' quit? -
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In order to prevent wolntwn of such a treaty we Would ha.ve to
end a fortune finding means of detecting such. activity and provmg
Eat the treaty was not being-obeyed.

An example comes to mind in the field of selsmology 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 earthqualke work but the science of sesimology dedicated to
study of ea.rthqua.kes received much less attention, 5 still does to a
very large extent, in spite of the fact that a large earthquake anywhere
in the country would be & civic a.nd economic disaster of outrageous
Pproportions. ,

WORK OF WITNESS' ORGANIZATION -

In closing, I would like to thazk you for the chance to make my
. ideas known and fo 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 & Navy laboratory has facilitated the work we have
done and T really feel that it probably would not have been done as
soon had not the Naval Ordnance Test Station decided to go ahead in . -
.8 new field that at the time was clearly of more geneml and humani-

" tarian interest than nuhta.l('ly utility. ,

Eventually others. would have done the same- things and. perhaps .
done them better. We have, however, been g 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 development of their own 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 take

- advantage of it and I concur in your wisdom in that you have expressed

& desire to use things for peaceful purposes and I would like to see a - '

. treaty, if such were written, where we could make optimum use-of the
- .resources of the. country to carry out these Worthwhﬂe ends. '

SUGGEBTED CHANGES IN PROPOBED TREATY

Lot me sa that if we must have a. treaty Jot us-Write: a.nother one
eschewing all forms of viclence as .a means of settling disputes. If we
clal.n't do that, and if we must have: the proposed. treat.y, let us so wnte it
that—

‘1. Tactical use of - geo hysma,l wea,pons be permrbted for the beneﬂt
and: protectlon of our fighting forces. .

2. Strategic use be %1m1ted when and 1f it becomes & reahty, to
peaceful application by mutual a eement of the countries concerned.
a.nd the. concurrence of such neighbors-as may -also be affected,

* 3. That military forces be used in such constructlve efforts if it is to -
advantage to do 80. .

Thank you. E

Sena.tor PELL. Thank you very much Sy
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DIFFERENCE BETWEEN TACTICAL AND STRATEGIC USES OF GEOPHYSICAL
_ ‘ WEAPONS

What 18 _the difference in your mind between the’ tactma.l use of
. ge(ﬁhysmal weapons and strategic use? :

St. AManD. Strategic use would be use tha.t tended to upset
the economy of another country for & long period. of time, or to cause
extensive damage to the crops of that country. Tactmal usé-would be a
situation where under battlefield conditions or in training exercises you
could beneficiate the. weather so ﬁrou ‘could operate better, you, could
malke it a little bit worse 5o that the othel side couldn’t operate as well.

Senator PELL. Speaking to. you as ) sclentlst what would be the
‘watershed between the two? - ,

Mr. S, AManp. Itis a hard dlstanctaon to make

- Senator PeLL, Ts it possible to maks it, do you think? P

‘Mr. 81, Amanp. I wotld say that you could not dra.w a clearcut
distinction. You might haveé to make the distinction on the basis of
the size of the military operation and the consequences of failure and
availability of other methods that you could use.

In general, tactical to o military person is that the tactical mlsalon
is somethmg you use in day-to-day work” with small groups and
strategic things involve the use of larger areas. :
" . Senator Prrr. Would it be & question of relativity a.nd mterpreta.-
tion, would it'be very hard te be specific? '

Mr. St. AMAND Tﬁat will be indeed a cha,llenge to the writers of the
treaty.

WITNESS' VIEWS ON WEATHER MODIFICATION.

' Benator PrLL. About a dozen years ago you testified before the

.Senate Commerce Committee a.ndy 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 ghould care to use it,
the capability of modifying the environment to their own ndva.ntage,_
or to the disadvantage of the enemy. We would regard the weather
as & weapon and weather is as good a one as any.” o

This is basically your view?

Mr. S, AMAND. ;f‘hm was basicolly my view and still is. The thm%: :
we have done for the world at large iave been spinoffs from our wor.
a.?d we were happier with those than we were with any other ‘aspect
of it.

CAN WEATHER MODIFICATION BE USED’ AS WEAPON T‘I'OW?

Sena,t.or PELL H 8 wes,ther mg 1ﬁcat10n,, in_your,
thé Stage Whete it p‘(gul,d' be yitilized, gg),s W e
| 7. AMAND. Say that agein, please. . :
Senator PeLr. Has weather modification a.lready reacheu the stdge' )
where it'could be used as a weapon? - = L .

Mr Sr, AMAND Only ina tactlcal scale _‘ }

F
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KINDS OF MODIFICATION NAVAL ORDNANCE TEST STATION CONCERNED
WITH

- Senator Prir. Is your naval ordnance test. station concerned with
“any otherkinds of. environmental or goophysmal modification besides
‘the instances.you cited in.your testimony of. ra.mmakmg, rain: sup-
pression and fog dispersal and hail? R

Mr. St.-Amanp. Nothing.

~ Senmator PrrL. That is it? '

Mr. St. AManD. That is it. We have people: workmg in:air pollution
and things of that sort but there 18 no*modlﬁc&tlon or a.ny other use
mvolved

PRODUCING ACIDIC RAINFALL.

" Senator PrLL. Have you. been a.ble to develop a method of treatmg
clouds with -chemicals that could. produce an ‘acidic rainfall capable
of fOulm% mechanical gear and. eqmpment and radars and things of.
* ‘that sort

Mr. St. Amanp. We haven’t even thought of this. .

Senator Prrr. This is the first time you have thought of it?

" 'Mr. St. Amanp. I read it in the newspapers but we haven't- done:
anything at all like that. . :

enator PrLr. You have done no.research aleng. those 11nee?

Mr. Str. AmManp. No;it-would be grossly uneconomical anyway.

SUIT AGAINST. U.8. GOVEENMENT FOR PATENT INFRINGEME‘NT :

Senator PpiL. As you know, the U. S Governmentis bemg sued.for-

a patent infringement on its n%lts by a. private contractor. Do you: -
have-any views with regard: e-merits:-of his-suit? :

Mi.: St. AMaND. Thls -is .8  matter: that-is. under litigation: and.-it:. . -
would’ be improper for me. to discuss it but’ the Justice Department: -
would: probagly e-able to. answer that:question: for you, sir.’ g '

‘Senator PrrL. I.thank you very much mdeed Itis very. good-of you.. - -
~ to be with us.. :
~ Thank you.’ "The whole testlmony will be in- the reeord as L. say

© Mr.. Sp; AMaND,. };ha.nk you, sir, :

[Mr, St.. Amand's prepared sta.tem ent followe HEE

. PREPARED: Sfm!rmmnm OF" PIERRE: ST Au.mn, E.MW‘H Annrrmnnmmr Scronozs: .
DavisioN, Navar Wearons CoNTER, ChNg BAKE, CAutR,. . -

My, Chairman, distinguished : Senators. and:guests:: My name.is: Pigrre: St. S
Amand,. I live at 112 Blueridge; China:Lake, Califomia [ am: employed at; the
Naval Weapone Center 1o direet work in.environmentalsoiences. My back e
is; that of & ggo logist-geophysigist- with: a: broad: interest:in.all: aspeots:-of. ea.rth'-‘_
soienice. 1 graduated from the University, of Alaska.and thie-Californip Institute-
of Techinology: I was:a Fulbright Resedroh Sclivlar to Fiatee and:T Have worked: & - .
with the International Cooperation Agenoy in:South: America. The main thrust - -
of my professional.work has been.oriented towasd:the safe-and profitable.use-
of the environmént: for human:beuefit. You may find:it: odd ‘that-one-interested:
in-sueh things is employed at.the Naval- -Weapons: Genter:. The-answen:is that: i
has been the.poliey of the Navy'to encourage:-and:support -seienoce-of. use-to. the
oountry as a-whole as:well:a8-to the-Navy itself, The:opportunity to-do.good.and:
useful: work-there: is- at- least -as- great and* pmbabl;b grea.ter ~than: anywhere elaei
ln the: Federal Systemn. ... . .
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-I'dm appearitig here at your invitation, not ‘as a Navy :re"rreentativ'e but as
& private citizen and as a scientist who has worked in the field of weather modifi-
vation. Although I am proud to work with the Navy, and to-somé extent consider

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 have the opportunity to express my owm views on' this important “subject -
and to have them heard and considered. oo T
“The Navy has long had a tradition that good science of benefit to the nation
and to humanity es a whole halﬁs ug all,- Amonlg the Ver&ﬂrst oceanographic
efforts may be counted the works of Mathew Fontaine Maury. The massive
‘compendium  of ‘navigational lore by Nathaniel Bowditch has been eredited
with the sa\cin%pf millions of lives-'and having made navigation-less hazardous
thasn it was in the days before’it ‘Ways Writtén. Astronomy as a whole has beneflted
from Navy interest in positional astroiiomy. Many advances in- medicine ahd
. in "other sciencds have been supported:by the Navy and this-information has -
“been‘shared with us all, It is not surprising therefore that the Navy, which'has
had to eopé ‘with the exijencied of the elémentsfor its vexiy“survivall 4t sen, shodld
‘find wéther modification & subject ‘worthy of support. It ig true that the Navy
and the other-armed forces stand to  benefit from the science tha{ they have
developed. It is equally true that humanity at large hias benefited from such work,
__The story of our work at.the Naval Weapons Center, formerly the Naval
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 concatenation of circumstances and abilitiezs t6 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 olouds to be used' as
markers at high sltitudes; One of the techniques to prodice such a smoke consigted
. .in-using lead iodate to oxidize an organic fuel so that lead jodide and free-iodine

were produced, This soheme resulted in a brilliant, reddish-violet smioke. Ancillary -

to ‘this work they prepared a mixture that, upon combustion; produced silver
iodide. They had heard of the use of silver iodide in cloud seeding, and living
in an area where rain was a noveity, they wete quite aware of the potential useful-
ness of their fechnique. They told me¢ about it and we set about learning about
cloud peeding. . . o C

As it turned out this approach was more important than we realized at flrat,

because, theretofore, cloud seeders had been using a substance similar to, and de-

, rived from, silver-iedide but which was not silver iodide. Silver iodide i3 used to

. caude sypercooled water to freeze. If a substance is to catalyze the growth of ive,
it must not dissolve in water before the water has time to freeze. Silveriodide-is
relatively insoluble, and because it has a molecular structure similar to that of ive,
it is & good material to csuse liquid water to fréeze, 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 realized
that the produet of this device was not silver iodide but another compound guite
different in its physieal properties.” - ' ' :

The exhaust produets were water soluble and did not funotion as silver iodide
was oxpected to do. This meant that peogle who were seeding. elouds with the
older system did not do what they thought they. were doing. Indeed, in ma'n?; o

-elaborate experiments, based on the premise that clouds were being seeded with -
silver iodide; the olouds were not being seeded ‘at all, or. were being:-seeded. in a -
manner different from that postulated. This Isinfgle faot-led ta most of the confusion
that has déveloped as to the effectiveness of cloud seading, in-that ofherwise
rigorously conducted.experiments were produocing indeterminate. results. Most of

"the disagreement that is still to be found:in academicrcireles. i3 based upon this-
difference, The matter is now pretty well cleared up and the way: ig.open to con- -
duct & new et of éfforta-that sould oleatly demonstrate the effectiveness of ‘éloud

" seeding under different meteorolpgioal conditions, Indeed, this is now. béing dene
by several-agencies but at a'level of support that id inadequate t6 the problem.

We aoon became aware of this problem, and with the understanding that silver
todide could be produced in relatively ‘Bure form, in the right partielesizes-and in

~the correct: amounts, and that it could: be-emplacéd in clouds at the right time, we
went ahead and developed: & cloud seeding system based ow the use-of pyrotech-

- nivs. We.then tegted.a.slightly-different.solution to-be used in:acetone burners that

- did indee‘d-.(i)roduce: silver iodide; {This. concept had been: elucidated in’ 1949 by =
.. Dr, Bernard Vonnegut, the inventor of the acetone burner, but head beén ignored.)



" time, used evaporation suppressants-to conserve water in small reserve!
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. We were able to do this because the.necessary talent for the research and develop-
1nent, indeed, & uniqite combination of chemists, physicists, engineers, pyrotechnio
specialists, meteorologists and aviators, the necessary equipment, and an en-
_lightened mana%ement were all to be found in one Elace. A good deal of this work
:was supported by the Bureau of Reclamation. and much of it was done in con-
nection with the' Department of Commerce for Project. Stormfury.
The task of optimizing the system was lengthy. It was neoessar%r to review, and
- in part oorrect, the theory of eatalysis as app ied to the freezing of water. We had
to determine the correct particle size of the nucleant. We had to determine the right
-amounts, The solubility of silver iodide and other nucleants had to be considered
_and their rates of solution taken- into-account, New nucleating materials that
.worked. at_higher temperatures were developed., The materials and devices were
tested in clouds over our ranges.aud over the southern Siérra:Nevada. Samples of
“our seeding devices were sent to University groups and.to.other government
agenoies, so that tests might be condusted by others under realistic conditions. -
....For two yeaxs, we carried out experimenta in the Southern Sierra for the Bureau
-of Reclamation. Later we cooperated with them in an effort eonductéd by Eresno
State College, to.increase the snow pack and the rainfall in the Central Sierra
Nevada. For seven:years we have been condueting, through a contractor, North
American Weather Congultants, and wijth help from the Bureau of Reclamation,
_a rainfall augmentation experiment inn the Banta Barbara area. - o
- The work: has gradually -passed from experimenis with single clouds to whole
.ﬁroupﬂ_ of clouds and to. components -of storm systems. No. untoward incidents
ave ogcurred and none are expected -because of the care with which we have set
' w‘the'experimenbs to preclude excessive precipitation as s result of our efforts.
Wo are now engaged in study of a technique for, slowing down portions of winter
-gtorms and thus (ﬁmnging their trajectory so that the rain along the Pacific coast
of California mi%lht be spread out a:little more eguitably-thus reducing the perennial
-drought in Sonthern California and perhaps reducing tbe rain in the northern part
of the gtate where it is usually too wet. .~ : : '

- Purt of our work has heen'dedioated to the modification of olouds too warm to
‘be modified by the freezing process, For three years, we conducted experiments in
the. Brownsville, Texas area. This effort 'was intended to produoce nore rain from
-these. marginal ¢louds and to suppress the growth of these clouds, should that
prove desirable, : . . ] :

. .Fog. clearance- has .reoceived the lion’s share of our attention in recent. years
because of the need te remoye small patohes of fog and to clear aireraft landing
areas. The-use of hygroscople seeding:a(fents was systematically tried and devel-
oped to. the point where, under the conditions at Areata, California, it is possihle
to produoe instrument minimums in.a 1,000-fo0t thick fog 809% of the time and
to produce an actual opening about .60, of the time. The. technique is expensive

and messy but does work well enough to be.used in emergency situations.

"~ ' Recently we have begun an investigation of the use of ¢lectrically e¢harged par-
ticles as fog clearing agents and -are_haylnﬁ promising results that indicate that it
. might be possible to clear fog with a greatly reduced logistic burden. -
revention of fog formation by coating godies of water with evaporation sup-
pressants ‘was tried with suceess in the Panama Canal. Improved methods of
.%{p}g’iing theé ‘evaporation suppressants have been developed by our. Chemistry
fviglon.. - .. . T e .
.. ‘'We have done limited work in: fog formation and intensification. This system
-uses an serosel-consisting of common salt made more hydroscopic by the addition
-of -dmall ariounts of potassium and lithium chlorides. With. these it:is. possible to
~créate an -overcast condition and to.make small- cumulus clouds under the right
.meteorological condjtions.. In the amounts needed to stabllze or to oreate fog, the -
materials are-not toxic; ara less.corrosive than sea spray and far less harmful than.
-eonventional sereening smokes.’. . oo i TR g SRR

...~ Thefeg prevention work in Panama mhelng:tested to saelf ttm _6é§-ible fg{réiibire_ L

the obstruction to navigation that ocoursat-'.niiht during the ralny season. in the
Gaillard Cut of the Panama Canal. If the tests beitig.undertaken confinue as well
86 .they have;. this-method will prove useful in permitting uninterrupted flow of .

traffio througil the panal, thus aiding world commeree. The .teehniques-of_'&p[)lying R -'

_the evaporation-'sugpressants will no doubt become. widely .used commercially and
will prove: of ‘benefit in applications where ranchers-and..others haveﬁgong ,‘l;gnl%
-and stock -

pon“ds." Under extreme conditions of temperature -and drought,, such, as are found
~in-the arid-southwest, this system. can prevent the evaporation of from-five to.ten
foot of water during-a typioal year. The materials are not ecologically harmfuliand
“offer no hazard to persons or animals, ' :
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On several ocoasions, the resources of the United States Military establishment
have been- called upon fo take action against: droughts in- various parts of the
-world. In 1967, a small-group of private contractors dirested. by the Naval
QOrdnance Teat Station was sent to India to help with a devastating drought: in
the Bihar and Uttar .Pradesh Provinees.-Over a period of about three-menths,-in
‘ the middle of the dry season about 100 cleuds were seeded with air dropped
pyrotechnic-units. These clouds,; most of which were not raining--.to begin with,
-yielded from ¥ to Y:inch of rain. The drought was so far advanced, and the clouds
80 few, that thigs effort was not enough to materially affect the drought. It did
-show, however, that properly planned-and conducted at-the right time of the year,
oloud seeding could beneficially aid that country in its agricultural efforts.

In 1969, a dr.oulght relief effort in the P-hiiié)pines was.conduoeted by the United
States, using Air Force aircraft and .crews and.technieal Personnel from the Naval
Weapons . Center. This effort was remarkably successful, because. clouds, thet
were in general too.small to rain by themselves, were caused to grow and rain’
abundantly. It wos estimated by the. Philippine government that at least. $60,~
000,000 in additionsl foreign exchange was developed by .agricultural: use of the
rain :resulting from the cloud seeding. In addition, another $25,000,000 -was
. saved because it was not necessary to import corn and rive, The’ foilmwing- year
! the Philippine Sugar Instituteded: an. effort using a United Btates. contractor an

Philippine pilots who had heen trained:the previous season-by:our persennel.- This
effort met with the game sort.of success and the capability to seed elouds:has been.
retained and sugmented. It was not necessary to use it in. 1971 and 1972, but'some
work was done in 1973 and it appears that the Filipinos will continuie to make
wise use -of the capability as it i3 needed. : )

In 1971, we were called upon to help the Island. of Okinawa, then under U.8. -
military control.. A protracted drought had reduced the water shortage-on the
Island to inadequate proportions.and the populase was.subjected to severe -water
rationing.. The Islands had about- & million--};eo le trying to use the water falling
on the approximately 600 square miles: of land- available, -most -of which drains.
directly into the sea:, The United States Navy madeé available the services of the
anti-submarine patrol squadren at, Nahe and ‘we furnished technical direction for
& period: of-a few. weeks. Here; the skills: developed by the .patrol squadron in. -
tracking ships: and- submarines - made- it an-easy - matter: to:select:.clouds at -zea
. whose: trajestory would lead them over land-and to estimste- the: time of landfall.
“of ‘the eloud: The clouds so selected were seeded at sen; caused to grow.and kept

- plive. until-they oame: within-10: minutes:of landfall, at: which time they werpe. . -

. seeded: for ‘maximum growth, and in. the course of blowing across: the Island,.

- beneficial . amounts-of rainfafl: were . produced... The  task was:-doubly difficult’ -
because it was neecessary-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.}’.atrol.
Squadroy, it was possible to-increase the rainfall'to the point where:water rationing -
could be:suspended: The: work:started-in. July and was: terminated. in December, .

when-enough typhoons passed by to assure-the-island ef-an-adequate water-supply .~ -

for.the time'being: Incaddition, most:of the:rest.of the Ruyukuan.delands: were alsa..-
. artifically irrigated during the expedition.. .- o L
©* T 1971, Air: Force crews that had been: trained in:the” Philippines, were:called: . ~
upen for-a-ghorb. time to. réliove.a drought in Texas. -Onee. again;’ NWE furnishod. :
seeding materials-and. equipment.and aidad’ in. the training of -theaiveretws; but. -
_did not participate directly.in the effort. After a'shord time;, the Air, Farce with=.
g’Aeonune’mialwopemtorsrmem:t@a]ledv,_ o1-So:take;over-the woples o v -
In 1972, the Navsal.-Weapons: Center:and : the- Hurricane Hunter: Squadron,
VWedy were-asked-to-hislp-with-as drought-in- the:Azeres: With:one weather-reconw: ..
- naissance.alroraft, technical:advice from. NW.GCuandshoelp. from: thérAdr-Weathep. . .-
Serviee, 1t was possible to wet down: all ‘of the islanda:in the Azeres:several time
After two-weeks, the weather reconnaigsamnce saircraft was.replaeed: by -airoraft:

fmm.\t.h;e,-Idcalapa.trohaquadrmr.‘and::th‘e_iwofk::eontihuedluntil‘:..thﬂzdmu:ghtr.sltuam RN

- tion had. passedi: Onee again,, the skill of the.N'a';vy-crews-__intmsa_kihg.rn‘lquds.-mgde. 7
possible: a-suceessful’ effort’ that. would-have:been extremely «diffigult; -if not; im~
- possible; otherwise. - - L N T AT
o It wmuld-i-ha,v.e"~becm-séssible;-‘andz»stiltﬁs“<psible-,'-tm-apply~:th'esa. pchiniéues i
s many parts of the world where life:itself depends on. additional rainfall; It appears. :
.. that.this praetice-has:been stopped:and-the-good:presedent dropped:: Fheireason
- ig.not:clear; for:the:efforts: were:effettiverand: no-untowasd:icidents; sunkh:.
- excessiverainfall, occurred: -, - - oo S .

L.
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The seedmg techniques that w 3 ‘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 copled and manufactured. We have made such information as Wwe had'freely
available to people here, and abroad, who chose to carry on development on their
own. In connection with rainfall a.ugmenta.tlon we have worked with or advmed
the following groupsiof people and domestic agencids, : i

Department of the Interior, Bureau of Reclamation i

" Department of Commerce; Stormfury Pro;ect ‘Great Lakes Pro;eet. Flonda
umulus Project:-

National Committee on- Atmospherw Research Hail Projects
. Department of Agriculture _

- Siate of Sputh-Dakota . 0 cuveygiiin
U.8. Forest-Berviee - *
State of Washington -
-State of -California

. Bouth Dakota School of Mmes and Technology N S
‘Colorado-8tate University i T i o
University of Montana . ~i: % -7 . B RS S

- University-of Washington- o
University of Wyoming:

"Numerous private corporations

We have had contact. with individuals 1ﬂterested in th.lﬂ matter in the followinF
countries: India, Philippines, Taiwan, Chile, Israel, Rhodesia, Mexico, Portugal,-
England, France, Italy, Argentina and Australia.

substantml portion of the critical scientific theory ‘was developed at NWC.
Our contributions: inolude dlarification -of nueleation theory for the formation of
ice in clouds, solution of Smoluchowski’s equation in general form. Methods for
calculation of the time reguired for a solid of n given size to dissolve in a solvent
were developed. Improved values of collection coefficients were caleulated. Theory
applying to the use of electrically charged particles to ecapture other particles was
extended. The theory of condensation was improved. A number of new nuclea.tmg )
compounds were developed, for use at temperatures warmer than that at whic
silver iodide functions, and were tested. Improved acetone burners for ground
based 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 thin ga that the proponents of restricting the use
‘of geophysical weapons imagine could be done were doable, this-might be trie. -
- As it-is, one can only make rain, clear fog and reduce hail at the present time.
On & tactical scale, this t'echnoloiy 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 wa.rfa.re could become & very
important mrfitary tool.

o one oan, at present, influefice earthqua.kes in any ap% ecia.ble way. It is
true that sm.ali earthquakes have occurred as reservoirs were being filled and 'in a
few instances appear to have been caused by underground pumping. These tech-
“nigques hold no promise for any deliberate lise in ¢ontrolling such phenoimena, 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 engincering -and- good eonstruetmu»pi‘a.ctices, -the
threat of earthquakes can in & few tens -of years be abated.

Tsunamis dre caused by la.rge earthiquakes.  There is ho:way to produce true‘
tsunamis. Even' if there were, & tsunamiwould riot affect installations more than
8 few -hundréd -3 yards-of the shoreline. ‘Tsunamis would not be & useful 'weapon
;because they” radm.te -over. the whole ocean and would oause extensive damage to
t‘nendly ‘coasts as well,

‘Chdnges in océdn durrents wro pbsaxb’lb‘ to‘b.t ain Wﬂsh1 protban eﬂ'or‘ﬁs? ‘Onie 'c()uld:-’ g
“perhaps dani‘the Berring Steaits or diveirt the’ Guli Stréary! Subhi hn effort would
require the cooperatmn of a-large” part ‘of the world and would present- such
unforeseen consequences that it is unlikely that it would, or ceuld e done un1~-
“laterally by any civilized nation, .

I, there ore, feel that such a treaty addrésses things that ca.nnot be done now,
are extrém ~unitkely in’ the next: eent.ury, and ‘probably - wouldn’t ‘be’ done in--
any case and is'theréfore premature g -

A treaty to preclude generio uge of geophysma.l weaponry as: could be used to;_
cause dama.%? in oxcess of that necessary for the attainthent of the gbjactive is™
not needed, because we are already morally and in effect, logally bound to do a8

4
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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
protection of our own. forees, people and property. 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 ‘support .of his_government, or
economy, in a time of war is 8 member. of the fighting team and is participating
in war. If thig.be 8o, how can we distinguish when an act is performed if it will
be in violgtion .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 exemple: ‘Would it-be:proper to clear. fog so-that our war planes could safely
return from combat? Would it be proper to clear fog wo that they could launch a
‘mission?  Would it be proper to-clear a target area sc that they could strike the
enemy? All of these would appear to be proseribed. It might also be improper
to clear fog for any purpose whatscever, if the Eersons whose work was facilitated
by such clearance could more effectively aid the military effort of their country.
“S8ome 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 advan-
tages as might flow from 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. o -
Westher is a terrible problem to the Navy and to a lesser extent the Air Force.
To the Army-and the Marines the weather is a setious factor that must always
be contended with and which often ‘decides the uutcome 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 ini a war.
Exvessive fog could prevent ..resufpply ag 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 criticel to obtaining the fall of Germany while the
_ Wehrmacht was still reeling from earlier reverses. A portion of the time, this
fog was supercooled. Available techniques can now, with a very high reliability
clear supercooled fog in a matter of 30 or 40 minutes, It would have shortened
World War II by several weeks if the technology had then been avallgble. Would
"it have been wrong to use the technology? I think not.
Tank and infantry warfare is dependent upon & fairly hard surface for the
mobility of troops and equipment. Were a-situation to arise in which by increasin
.rainfall, ohe could decrease the trafficability to such & point that the efforts of
the enemy to attein an objective were thwarted or delayed until we could ]ire are
for a-confrontation, would we be justified in using weather modification? I think

80. - . .

On the other hand, if there were no clear¢ut military. target and the only out-
come of one’s action were to cause misery for the civilian population, and there
were other ways of preventing men and material from reac nc{; the front, then
the \se -of such tactics would ‘clearly be irresponsible. in that damage would be -
caused without %aining any real advantage for oneself.. ' :

. Foree should be limited to that necessary to obtain the objective. It is equally
- true that to use less force than necessaryis wrohg in that it prolongs the conflict
-and in the end causes more loss of life, suffering and g&;pe_rby damage and incurs
the risk of losing. The use of force must be.delicately riced ; to use too much is
irrespongible, to use too little is wrong. Weshould reserve to our fighting forces,
and to our-Commander in-Chief, the right to make such use as is necessary of such
tactical Weapons as they may need to-win. & war in whioh we might. be engaged;.
ar at least, to keep the war going at.a controlled level until such time as they have,
by other means, obtained the objectives of the confrontation, ..

One must also a.ddress-the‘ct)uestion of whether or not geophysical warfare would
constitute cruelty. All war is bad and counterproductive. Usually ware are fought
with: high' explosives; projectiles and other products that have a deleterious effect

- on personnel, :Wo_ul_d it be less cruel to immobilize an infantry .company with ex-
cessive.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 others; would it not.be better than killing them? These people-will.cer-
fainly come in fw.ndy;during the. reconstruction when the damage-caused by con-
ventional weapons must be repaired and their country rebuilt.. - - :

: Another type of geophysical warfare that has two sides to it-might be.the manu-
- faoture of & long term ohiange in climate. Two. sides; because: it-could be used to
- harin or to-ald.a potential enemy. ‘Assume for the minute that a large country

pxiats in which a non-ircigable erop must be planted and matured so that thecoun-
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try has adequate food and foreign exchange. It might, to take s negative viéwpoint, -
be advantageous.to cause heavy rain during planting seagon to praclude sprouting
and growth and then to cause severe and protra.cte%l drought dufing the growing.
-geagon. This could conceivably -eause a crop failure and bring our hypothetical
,enemy to his economie knees, First we would have to be able to do it and we now
éannot. Secondly, we would have to get them to hold atill for it—this might not be
{mssib“le. Thirdly, world opinion, if the efort were discoveréd, and it almost cer-
ainly would be, would force the aggressor to desist, lI{warha[:m too late for that
season. bgio the impact of world opinion might be such as to make such action
" unprofitable; .

n the other hand, it-might just be possible to beneficiate the climate of the
place to.the point where the potential enemy could have such an adequate econo-
mic base that he would have too much to lose bir engaging in war. Let us assume.
that a large country was, because of overpopulation, poor soils and protracted
drought, in such a position that it was a wasteland populated by starving hordes.
With what is now known in agriculture, land management, water management
and weather modification, it might well be possible to help that,country obtain
& viable economic status and suppl% its own needs. In the end, this might well
result in improved world relations. Whether to do this or not is & matter for that
country involved to decide. On the other hand we might wish to help them.

. With their consent and eooperation one might call upon U.S. military forces to
undertake a large share of the weather modifieation work because they would
have the capability and equipment to do so. The trained and disciplined personnel
-could do it more capably than an ad hoc collection of fesources. Thus the military
could be used constructively in foreign affairs, doing the very things that the
Froposed treaty would not let them prepare for. In a well run country, the armed
orces are a tool of the makers of foreign policy; we should keep this tool sharp

_and available. ‘ : : ‘

I should now like to addréss another aspeot of such a treaty. Would small
seale violations be deteotable? Would the treaty be enforceable? The answer
to both qluestiona is in doubt at the present time. Unless adequate intelligence
were available 80 that we could learn of the Sreparations and plang for such an
adventure it is-unllkely that a violation could be detected until it was too late.
There is now no way to tell if a storm has been séeded. It is true that the seeding
agent might possibly be detected and identified. With what technology mow
exists, it i extremely difficult to do so because the ajr all over the world is so
polluted by heavy metals that the augmentation of heavy metal gontent of rain
caused by cloud seeding could not be told from that already present. The science
of -weather prediction-is not yet s0 exaot that small changes produced by weather
-modification could be detected. Were such changes on a subcontinental scale
-th% 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 easily 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 déteoting 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 nuolear weapons, millions "
of dollars were spent developing a seismie detection system. The technologi'
developed to detect atomic explogions ig’ in part applicable to earthquake wor
but the science of seismology dédicated 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 sountry would be 'a civic and esonomio disester of
outrageous proportions. ‘ ' s LT
.. ".1n closing; 1. would:like to: thank youifor.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 govern-

-ment's money.and our time, That we are.in a Navy laboratory hasifacilitated 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"deGYded to go ahedd in a new field-

that at.the time was clearly:of more:general and humanitérian interest than mili-

tary utilit&: Eventually, others. would have done the same things and perhaps dene

.them betfer. We have, however, been a force in shaping the direction in -which

‘weather modification: in this country has gone and I believe that it-was a good

direction. 1t has been a pleasure for-us to.work with the other federal agencies

in the development of their own programs, to use the thinga they turned out.and
to seethem use ours. I believe you. will wggo;e with me that the humanitarian uses
«»0f e things we:have.done.in.a.Naval s atory have been worthwhile, -~ -

,
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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 a-means of settling disputes. If we can’t 'do that, and ig we
" must have the proposed treaty, let us.so write it that:
(1) Tactical use of geophysical .weapons be permitted for the benefit and pro-
tection of our fighting forces. ' ‘ :
(2) Strategic use be limited, when and if it becomes a realitﬁr,' to'-peaceful
application by mutual agreement of the countries concerned and the concurrence
—of such neighbors as may also be affected. .
(c:l,’o) That military forces be used in such constructive efforts if it is to advantage
- to do so. - .
. Thank you, . . : : c .
Senator Pour. Our next witness is Dr. Gordon MacDonald, the
"Henry Luce. Professor of Environmental Policy and Study of Dart-
- mouth College, a former member of the Council on Environmental
Quality, and I must say he looks much more refreshed and invigorated

“and younger than when I last saw him.

. STATEMENT OF DE. GORDON I, F. MacDONALD, DARTMOUT
COLLEGE, HANOVER, N.E. _ .

Mr. MacDonaLD. Universif,y 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
K?

I welcome this opportunity to discuss with you certain aspects of
 .weather modification and in particular the need for an international
agreement prohibiting the-use of weather modification as-a weapon of
WAT. C . - :
The action taken by the Senate on July 11, 1973, passing Senate - -
Resolution 71, was-a much-needed first step toward achieving such an
agreement. It-is in my view most unfortunate that the administration
has not sought to initiate thosesteps required to-implement the resolu-

tion. :
INDICATIONS UNITED STATES WOULD BE JOINED BY OTHER COUNTRIES

I believe the time is particularly appropriate for the United States
to take @ 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 a large number of countries, including 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 Soviet co-chairmen were E. K. Federov, a.member of the -
1.8.8.R. Academy of Sciences and Chief of the Main Directorate of

the Hydrometeorological Service of the U.8.S.R., and G.-A. Zhukof,
l%r%vsdri{- commentator: and . Deputy to the Supreme Soviet of the

- " The U.8. delegation included a number of your colleagues from the
_other House, V\%illiam Ruckelshaus, then Administrator of the.En-

~ vironmental. Protection Agency 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 a.n& T quote from the coinmunique:

The participants in this meeting complétely reject the use of chémical, biological,

or nuclear means of mass destruction. They also reject attémpts to make use of
man-made environmental change as a-means of waging war, and urge that an
international ‘agreement be sought rencuncing the development and use of such
' weapons, i .

-This, I believe, is a strong endorsement of the principles contained
~ in Senate Resolution 71. Since that meeting I have on several 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 PErL. 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 & subject T am glad that you did
discuss with the Soviets. o ‘ :

Mr. MacDonaLp.. My last meetings with Academician: Fedeérov
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.8.8.R. Environ-
mental Agreement. On both occasions he expressed the views to which
I havereferred. S ‘

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 & treaty much along the lines of that contained within Senate
" Resolution 71. -~ ) _ : ' .
' e . ROUTES TO ACHIEVING TREATY

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

' ' REABONS TO SEEK UNIVERSAL BAN

. There are a number of reasons to seek a universal ban on this new
method of warfare, While these reasons have been discussed in detail
in é;revious hearings, I believe it important to reiterate them.

cience and engineering of weather modification have not advanéed
-.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 mere: complex and poorly: understood -steering of storms or
disbursing climates, would certainly involve civilians and nonmilitary
facilities In addition to the presuried military targets. B
- The generally 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 techniques of geophysical warfare as legitimate would further blur

’ th:rfd_istinctiop_- between conventional anfl unconventional means- of
warfare. - R Ce S
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Deﬁclenmes both in the basic underst.andmg of the physma.l rocesses
of the environment and the technology of environmental change, to
‘which I have referred, make it h1ghﬁ¥ unlikely that environmental
‘modification will be an attiactive: weapon system in any du'ect Imhtary
confrontation, at least in the near future.

Man already possesses highly effective tools to a.chleve dcstruct‘lon '
.Eventually, however, means othér than open warfare may be used to
-secure’ national adva.nta.ge Widespread, unconventional guerrilla
attacks such as we have witnessed over the past few years illustrate
how the definition of war is changing. As economic competltmn among
many advanced nations helghtens, it may be to a country’s advantage
to insure a peaceful, natural environment for, 1tself and a disturbed
envn'onment for its, competitord. "~ - ‘

Operatlons producing such cond1t10ns mlght be carned out coverbly
smce ature’s great irregularities permit storms, floods, droughts, -
‘earthiquakes, and tidal waves to be viewed as untisual but not un--
expected. Such a secret war need never be declared or known' by the

ected poPula.tlons Tt could §0 on for years with only the security
forces involved being aware of it. The years of drought ’and storm
could be attributed to unkindly nature and only after a hation was
* thorou Iaihly drained would an armed takeover be attempted. ‘
: y, even the possibility that nation-states might view " en-
vu'onmental modification as a weapon of wat casts suspicion on the
legitimate development and use of envu'onmenta.l mod1ﬁcat10n for
peaceful and beneficial purposes. ‘ :

Indeed, the appearance that & country or- countrles are undert&kmg

. research that could lead to weapons of war might’ very well lead to

i Cis dlﬂicult to, estlmate

the breakdown of ‘the century-old tradition and practice of sharing
meteorological data. Through agreements between nations and
through. the activities of the Worfd Maeteorological Orgamzatwn 8
. speci 1zed United Nations’ agency, virtually all countries of the
world freely exchange atmospheric data. This makes it possible for, -
the weather services of individual nations to provide, the much needed
forecasts.

"It the United States were to be cut oﬁ? from observations t&ken by
other nations; particularly from those in the northern hemisphere,
there would be ‘BOVErs economlc consequences the magmtude of Wh1ch

D

JUSTII‘ICATION FOR INTERNATIONAL DISGUSSIONS OF 'W'EATHER
MODIFICATIONB :

CER T

In addimon to reasona " directly t:tmnect»ed w1th wa.rfa.l‘é 1 beheve .
" international dlscussmns f weath ei‘imodlﬁcablons are ]u*stlﬁed m tWO
other important. ways. ©' "
Today: ecountriés are undei'taklng Wéather modxﬁcatibn oﬁera.tlons
as opposed: to experiments. The issue may well arise as to' whether or-
- not such. operations’are advanba.geous or dlsadva.nta.geous to ne1gh-_
" boring countrles :
o Seeding in‘the ‘high- Cascafdes in order to incrense snow&pack may be\
" -perceived - by-our C‘anadm.n nti;%hbors a8 posdibly affecting ‘their
. wenther- or ‘clitnate. You can i a%;ne ‘countless “other scenanos in
- which” ai:smwtles in 0ne countzry mig possubly aﬁect the envmdnment‘-
m -anether ‘

A
Y
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Unless satisfactory international instruments exist, misunderstand-
in%s and tensions could arise. g : :
acond, certain pr(igosed weather modification experiments such
~as a continuation of FProject Stormfury in the Pacific would require
the cooperative efforts o} -soveral countries. Again, early discussions
among countries which could possibly be affected by such operations,
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 reise a number of qaestions. 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 pessible. ‘

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
use of foi;’ijispersal opens up the possibility for the use.of more dam- -
aging techniques. _

I would argue for the opposite view, primarily 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 chemica.

agents for warm fo, di_spersaf is quite unlike the use of silver iodide

in increasing r&infa.ﬁ. : ' : o

A second problem is the-ever-present question of verification. Cer-

. tainly, weather modification experiments on a small scale can be

carried out covertly., However, even on a relatively small scale, a

cloud-seeding experiment might be detected at. distances as great ds
» 100 kilometers or so because extremely sensitive techniques have been |
developed that could measure fluctuations in silver content of rain or -
ajir. : ' '

Furthermore, acceptable arms control agresments do not require
- the ability to detect every violation—only major ones. A variety of

techniques, imcluding currently accepted national techmiques of - -
- verification, could be applied to determine whether or not a nation .

" has underway a covert weather er climate modification research and-
development program. -

In moving toward such a treaty as advocated by the Senate, we
should remember that the politica‘{,r legal, economic, and sociological
consequences of deliberats environmental modification, even for peace-
ful purposes, will be of such complexity that perhaps:all our present
involvement in nuclear affairs wﬂf seem simple by comparison.

Our understanding of basic environmental science and technology
is primitive. Still more primitive are our notions of the proper political -
. forms and procedures to deal with consequences of modification.

- The experiences before and at the Stockholm U.N. Conference on -
the Human Environment demonstrated the problems of dealing with.

inadvertent modification of the environment, All experience shows that-
- less significant technologicel changes than purposeful environmental
" control finally transform political and social relationships. Experience
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also shows that these transformations are not necessarily predictable
and that the guesses we might make now based on precedent - are
likely to be wrong. - —_ '
It would seem; however, that these nonscientific, nontechnological
problems are of such magnitude that they:deserve consideration by
nations throughout the world if society is to live comfortably in-a more
controlled environment. - ' :

'SENATE RESOLUTION 71 IMPORTANT CONTRIBUTION. -

It is in this sense that I believe Senate Resolution 71 is such an
- important contribution to that gosl. I strengly hope that these hearings
provide the necessary encouragement for the administration. to- proceed -
1n.a major diplomatic effort to bring about a treaty banning -the use of
.methods of environmental modification for- hostile purposes. -
Thank you, Mr. Chairmen, and I would be glad to respond to any
- questions, . o : - g
Senator PerL. Thank you very much, indeed.

SENATE PASSED SENATE RESOLUTION 71 BY 82 TO 10

- Apropos: the:support. for the Senate resalution, I think it should be -
borne in mind that the administration is opposed, as. we both know,
tor the enactment of it and had. an ample chance to make its views
‘known to the Foreign. Relations Committee and to the Senate. There
was substantial debate in. which the administration made -its con~ . .
tribution, and yet the Senate, which is not & stupid body, after .
actually eonsidering the pros and. cons of it, as sensible-men, -some -
wearing. the American flag in their buttonholes,. others just as .good:

imericans not wearing: the flag in thie buttonhole, together collectively:
we decided 82:to 10 that we should move:ahead:in this direction, That
is-a pretty good jury and-pretty good decision when you have exposure -
te both sides and both viewpoints.. S .

- POTENTIAL ENVIRONMENTAL AN GHOPHYSICAL. WEAPONS.. -

I wé.s--.wonderi.ng if you 'would give-us a: little laundry list, cheok: - -

them off, one, two,. three; four, five, of what: are:potential: environ~. .. -

mental and: geophysical weapons: I remember reading an: article-you - -
- wrote; that had sucha:laundry listi: and I was: wondering if:-youwould - - -
refresh:my memory with: that list and if there-had: been any-‘additional - . -
weapons.addedin.. . . . oo T
- Mr. MacDonaLp. We. could. .c'eiatstinl%/: -start with. modification. of. .- .

'  Precipitation. I think:the.enha; cernent o up;se@i:piba;bjm;i&m»baahnolpgy

that is at hand, and we can- use it today if we so’ wish’ f()r:rpracbi"éalf-..w

. purposés.. Whether.or not it.could be-used oversa long term for steategie -
purposes:is.a matter:of-debate. " - -~ - o

nlike: the-previous' witness;. T~ du’::":beli'eva'__ﬁhéaﬁ-~ there-have-been: - -

. advancesin'the understanding of the mechanics as.to how-esrthquakes . -

.- come:about, how ‘eartliquakes might be initisted; and how they might:.
R b | :~éxpﬂ_uienm;m%}§}1'e—eR@(ﬁEyi‘MﬁuntbimAlipenalf,';i;l_';l:whii(;h. fluids were: ..
injected, demonstrates how min con-trigger earthquales: Fxperiences-
- ~with the. Rasilliston experiment- further ‘demonstrate: s. very close

connection with. fluid- injection and: the setting: off-of earthquakes;-. .- - '



T believe that, once we. achieve this better understanding of earth-
quake, it would 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 of the role that the very important molecule

ozone pleysin the high atmosphere. -~ - - ;

I cen imagine weys thet we could remove the compound. from the’

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 see we are beginning to develop a technology that can
influence that part of the environment. You have a potential weapon:
of ‘war; -andthat is ' why I think it is so impertant to stop right now
before those::technologies: develop.:: They. are: not developed now

except to the:limited extent of precipitation modification, "« -

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

Senator Prrr. To add to 1your laundry list of potential weepons,
you would -also have the melting of icecaps. What other ones might
you be able to tick off as being possible development in the future?
- Mr. MacDonarp. I think the 1cecap potentially could bring about
‘worldwide changes of climate. Another possibility is to melt the bettom
of the Antarctic icecap and cause tidal waves of one sort or another .
by havin% the ice slide more rapidly out into the ocean than it other-
wise would by providing a hedt source.at the botton of the ice.

One cen imagine certain kinds of modifications of the electrical
behavior of the atmosphere that might possibly influence the activities

\. of individuals through interaction with what is called the a_a.lpha

-activity of the brain.

There are just countless examples, as you said, a laundry list. I give
you five or six kinds of ways one can t{'mk but basically what I am
saying is that any time you alter the environment, whether it be air,
water, or the electric magnetic conditions under which you live, you
- have a potential weapon, - A -

7 wrrNj_nss" ARTICLE

Senator-PELL, Without objection, I shall insert in the racord the
-article that you wrote, of Wwhich maybe you would send: us“an extra
cOpy. S _
' r. MacDoxnaLp. I would be delighted to do so. This gosh biick ‘to
1966, o e cee
[The inforination referred to folglbfﬁ'rs 1 =
R L T B A} R S WP S 1 S PR . P LT
- [From "‘qnleu"l’eae.e:-cmes;-":f Nigel Galder; B4, The: Viking Fross; N-¥., 1868]:-: -

) _ ~ How To WREOK THE ENVIRONMENT ' S

~..(By Gordon J. F. MaoDonald, United States)’

. Professor MaoDonald is associate director &f the Institute ‘of Gieophysies and
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Among futurs means of obtaining national objectives by force, one possibility
hinges on man’s ability to control and manipulate the environment of his planet.
‘When achieved, this power over his environment will provide man with a new
foree -capable of doing great and indiscriminate damage; Our\present primitive

. understanding of deliberate environmental Oha[t—%e makes it difficult to imagine a
world in which geophysical warfare s practiced. Such a. world might be one in
which nuolear weapons were effectively banned and the weapons of mass de-
struction were those of environmental catastrophe. Alternatively, I can envisage
e world of nuclear stability resulting from parity in such weapons, rendered
unstable by the develoPment by one nation of an advanced technology capable
of modifying the earth’s environment. Or geophysical weapons may be part of
each nation’s armory. As I will argue, these weapons are peculiarly suited for
covert or seoret wars. : : )

. 'Belence-fiction literature contains many suggestions of how wara would progress’
if man indeed possessed the ability to change weather, olimate, or ocean currents.

~ Many of these fictional suggestions, and other more serious discussions, fail to

. take into account the limitations of nature. Jules Verne gave a detailed discussion
of displacini the earth’s polar caps, thus making the world’s climatic zones more -
equitable (Les Voyages Extraordinaires; Sans Dessus Dessous, Metzel, 1880). .
Verne's proposal was to-eliminate the twenty-three-degree tilt in the earth’s axis,
put.ting it at right angles to the sun-earth plane. However, as Verne correctly
pointed out in a subsequent discussion, the earth’s equatorial bulge stabilizes our

. planet, and even the launching of a 180,000-ton projectile would produce a dis-'
placement of only one-tenth of a mioron. Senator Estes Kefauver, Vice-Presidential
candidate in the 1956 American election, 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 I-Ig-bomb explosion, be displaced by ten
degrees. Either Senator Kefauver or his solentific advisers neglected the stabi izing
influence of ‘the earth’s bulge, The maximum dieplacement that can be expecte:
from the explesion of a one-hundred-megaton H-weapon is less than one micron,
as Walter Munk and I pointed out in our book, Rotation of the Earth (Cambridge
University Press, New York, 1960). ) -

-Bubstantial progress within-the environmental sciences is-slowly overcomin
the gap between fact and fiction regarding manipulations of the earth’s physica
environment. As these manipulations become possible, history shows that attempts
may be Made to use them in support of national ambitions, *To consider the
.consequences of environmental modification in truggles among nations, we need
to consider the present state of the subject and how postulated developments in

- the field eould lead, ten to fifty years from now, to weapons gystems.that would
use nature in new and perhaps unexpected ws::lys. v

The key to geophysioal warfare is the identifleation of ‘the environmental

~ instabilities to which the addition of a small amount of energy would release vastly
greater amounts of energy. Environmental instability is a situationin which nature
- has stored energy in some part of the earth or its surroundings far in excess of that
which iz usual, To trigger this indtability the required energy mjght be introduced
violently by explosions-or gently by smnall bits of material able to induee rapid

_changes by aoting as catalysts. or.nucleating .agents. The mechanism for energy
storage might be-the accumulation of strain over hundreds of millions of years

" in the solid earth, or the supercoolirig of water vapor in’ the atmosphere by up-
drafts taking place over a -few tens of minutes, Effeots of releaging . this -energy
could be worldwide,-as.in the case of altering elimate, or regional, as in the case-of
lodally excited earthquakes or enhanoed:precipitation. - o

WEATHER MODIFICATION

* The earth’s atmosphere is an envelope of air that.rotatés, for the most part, at.
the.same speed. as the-underlying continents.and oceans. The.relative motion.
between the atmosphere and the earth arises from sources snd sinks of energy that
vary in loeation and strength but which have, g their ultimate source, the sun’s
radiation. The. quantities of energy invol_veti in. weather systetns exceed by o
substantial margin the quantity of ener, y'under:-man’sdirgqt gontrol, For ingtanoe, .
the typical amount of energy expended in 4 .single tornado funnel is equivalent; to
about fifty kilotons of explosives; a-single: thunderstorm tower. ‘exchanges about
ten times this much energy during its lifetime; an- Atlantio hurricane of moderate

- size; may draw from the sea more than 1000 megatons of  energy. These vaat
quantities of energy make. it unlikely that brute-force techuiques will lead to

gensible” weather :modification. ‘Results could be achieved; however, by working
- ‘on the instabilities'in the atmosphere. . - - S : . o
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We are now beginning to understand several kinds of instabilities in ‘the atmos-

. phere. S8upercooled. water droplets in cold clouds are unstable, but they remain
liquid for substantial periods of time unless supplied with nueclei on whioh they
can freeze. Conversion of water droplets to{ee through the introdudtion of artificial

. nuelei can provide a local source of energy. This released heat can cause rising air
currents. whioh  in turn lead to further formatlion of supercooled water. This
prooess may lead to rainfull af the ground greater than that which would have
been produced without the artificial nucleation. A setond instability may arise, in
which water vapor oondenses into water, again affecting the distribution of sensible
energy. On a larger acale, there is the so-called baroclinic instability of atmospheric
waves that girdle the planet. Throngh the imbalance of heat between equator and
pole, energy in this instability is stored, to be released in the creation of large
eyclonio storms in the temperate zones. Thero are other, less well understood
instabilities eapable of affecting climate, I shall return to them later,

What is the present sitnation with respect to0 weather modification and what
might be reasonably expected in the future? Experiments over the "past. eighteen
years have demonstrated unequivocally that olouds composed of supercooled
water droplets can be transformed into ice-erystal clouds by seeding them with
gilver iodide, “dry ice" {(frozen oarbon dioxide), and other suitahle chemical agents.
This discovery has been applied operationally In the elearance of airports eovered
by supercooled ground fog. No analogous technique has yet evolved for clearing
warm fog, although several promising leads are now being investigated. In the
oase of warm fog, the atmospherio instability is that water vapor distributed in
small drops containa more surface energy than the same water distributed in large

- drops. The trick for clearance of thizs warm fog will he to discover some way of
gotting the small 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 fifteon
per cent by seeding. Somewhat more controversial evidence indicates that pre-
cipitation can be increased from tropical cumulus by techniques similar to those
employed in temperate regions. Preliminary experiments on hurricanes have the
aim of -dissipating the clouds surrounding the eye of the storm in order to spread
the enargﬁ;;)f the hurricane -and reduce its force, The results are controversial but
indicate that seeding can, in certain ¢ircumstances, lead to a marked growth in the
seeded cloud. This possif)ility may have merit in hurricane modification, but ex-
perimentation has not yet resulted in a definitive statement. °, ’

Regarding the suppression of lightning there is mixed but largelg gromising

- evidence that the frequency-of cloud-to-ground strokes can be reduced by the in-
troduction of “chaff’ strips of metallic foil of the kind used for creating spurious
echoes in enemy radars. . . . ] _
. Inlooking to the future, it is quite clear that substantial advances 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 fro' 85
in the 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 nililita.rﬁ application of deliberate manipulation of weather, but it is, of course,
very limited. - S : e :
Large field programs are being undertaken in the United States to explore fur-
ther the possibility of enhancing precipitation, particularly- in the western and
. northeastern states. On the high ground of the western states, snow from- winter
storms provides much of the country’s moisture. Investigations are under way to
gee if seeding can lead to an inereased snowpack and thus enhance the water re-
sources. Intense interest in this form of weather modification, coupled with an
Increased investigation of the physics of clouds, is likely to lead to effective cioud
modifieation within the next five to fiftéeri years. At present the effects are meas-
ured only statistically, and too little has been done In elotid observation before and
%fte,‘r ﬁqeedi(tllg_ in the way of precisely pinpointing which clouds are most likely to
e- affected. . - ' ‘ ) : K
As far as military applications are concerned, T-conjecture that precipitation
- enhancement would have.a limited value in classical tactical situstions, and then
only in the future when controls are more'thorouglhiy- understood. One eould, for
example, imagine field commanders calling for local enhancement of precipitation
to cover or impede various %round “c;_pera.tibns. An alterhative use of oloud séed-
ing might be appliéd strateglcally. We are presently uncertain about the effect of
seediiig on precipitation down wind from-the seeded clouds. Preliminary analysis
suggests that there is no effect, 200=300 miles down wird, but that continued seed-
~ing.over a long-stretch.of dry.land clearly.could remove sufficient: moisture to pre-
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-vent rain 1000 miles 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 crossingba competitor country could be subjected to years of drought.
The operation could be concealed by the atatistical irregularity of the atmosphere,
A npation possessing superior technology in environmental manipulation could
damage an adversary without revealing its intent.

Modification of storms, t00, could have major strategic implications. As I have
mentioned, preliminary experiments have been carried out on the seeding of
Burrieanes.: ‘The:dynamics of hurricanes and the. mechanism by which energy is

- transferred from ‘the ocean into the a.t.mosghere gupporting the hurricane are
poorly understeod.” Yet various schemes for both dissipation ‘and-steering can be
imagined. Although hurricanes originate in tropical re%ions, 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 terrorizeé opponents over substantial
parts of the p'olpula'oed 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 contact 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
gurface water. There may be ways, using monomeolecular filma of materials like those
developed. for covering reservoirs fo reduce evaporation, for decreasing the local,
- interaction between sea and air and thus preventin the. ocean from providin

energy to the hurricane in an accelerated fashion. SBuch a procedure, coupled -wit!

selective seeding, might provide hurricane guidance mechanisms. At present we
are a long way from having the basio data and understanding necessary to carry
out such experiments; nevertheless, the long-term possibility of developing and -
applying such techniques under the cover of nature’s irregularities presents-a dig-

. quieting prospeot. ‘ : ‘

CLIMATE MODIFICATION

In.considering whether or not climate modification is possible, it is useful to
examine climate variations under natural conditions. Firm' geological evidence
exiats of a long sequence of Ice Ages, in the relatively recent past, which shows that

. the world's climate has been in a state of slow evolution. There is also FOOd geo-
logical, archeological,” and. historical evidence. for a pattern of smaller, more
. rapid fluctuations superimposed on the slow evolutionary change. For example, in
Europe the climate of the early period following: the last Jee Age was eontinental,
with hot summers and cold winters. In the sixth millonnium s.c., there was a -
change to a warn 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 & cimatic optimuin, was accentuated in Scandinavia
: ﬁ' a land subsidence that. permitted .a greater influx of warm: Atlantic water into
the large Baltic Sea.. g : : ; _ .

The climatic optimum wa# peculiar. While on the whole there was a very gradual
" .deorease of rainfall, the decresse was interrupted by long droughts during which
the surface peat dried. This fluctuation ococurred several times, the main dry
‘periods being from 2000 to 1900, 1200 te 1000, and: 700 to. 500 B.C. The last, a
dry ‘heat wave lasting approximately ‘200 years, was the best developed. The
drought, though not sufficiently intense to. interrupt.the steady development of -
forests, did.cause extensive migrations: of peoples from drier to wetter regiona.

A change to colder-and wetter conditions oecurred in Burope about 500 B.C.
and wag b¥ far the greatesi and most abrupt alteration in-climate sinee the end
of the last Ice Age. It had & catastrophic effect on the early eivilization of Europe:
large areas of forest were killed by the rapid growth of peat, and the levels of the
Alpine lakes tose suddenly, flooding many of the lake settlements. This climatic
change did ‘not last long; by the beginning of the Christian ers, donditions did
not differ grea.i;liy from current ones. Since then climatic variations have continued
to ooour, and although none has been.as dramatic as that of 500 B.C., a pertur-
bation known as the little ice age of the seventeenth century is a récent note-
worthy example. The oause of these historieal changes in climateremains shrouded
. in mystery. The rapid changes of climate in the past suggest to many that there
- ~exiet, ihetabilitles affesting the:balance of solar radiation. :

- Indeed, dlimaté is primsrity determiried by the balance between the incoming
short wave from the sun (principally light) and.the loss of outgoing long-wave
rediation (prineipally heat). o o

\
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Three factors dominate the balance: the energy of the suh,’tﬁe.surface character
of terrestrial regions (water, ice, vegetation, desert, ete.), and. the transparency
of the earth’s atmosphere to different forms of radiated energy. In the last con- -

~ nection, the effect of clouds in making eool 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
trensit from the sun to the éarth or from the earth into space. Intense X-rays.and
nltraviolet from the-sun, toegether with high-energy atomie particles, are arrested
. in the upper atmosphere. Only the narrow band of visible light and some short
radio waves traverse the atmosphers without serious interruption. .
There has been much controversy in recent years about conjectured over-all
effects on the world's climate of emissions of carbon dicxzide to the atmosphere
from fumlfaces and engines burning fossil fuels, and some about possible influences
of the exhaust from large rockets on the transparency of the upper atmosphere.
Carbon. dioxide placed in the atmosphere since the start of the industria} revolu-
tion has produced an increase in the average temperature of the lowéer atmosphere
of a few tenths of & degree Fahrenheit. The water vapor that may he introduced
into the stratosphere by the supersonic, transport may also result in.a similar
" temperature rise. In principle it would be feasible to introduce 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 gquickly,
- 80 that military use of such a technique would probably rely upon global rather
than loeal effects, Maoreover, moleculdr 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 stratoaphere, materials may fend 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 & nation’s meteorologists caleu-
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-altitude rockets might exist. At present we know too little about the
paraildol::ical effects of warming and cooling, however, to tell what the outeome
might be. : ‘ : o
ore sudden, perhaps muoch briefer but nevertheless disastrous, effects are pre- -
dictable if chemical or physical means were developed for attaci:ing 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 orops and herds—that - could not take shelter,
- The ozone is replenished daily, but a temporary “hole” 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, and ozone
-reacts readily with. a wide range of materials. = .. : .

At present, we can only tentatively speculate about modifying the short-wave
radiation at its source, the sun. We have discovered major instabilities .on the
sun’s surface that might be manipulated many years hence. In a solar flare,
for example, 10 megatons of energy are stored in distorted magnetic fields.
With advanced techniquss of launching rockets and setting off large explosions,
. we may sometinme in the future learn to.trigger these instabilities. For the near
future, however, modifieation will not:be in the short-wave incoming. radiation
but in the long-wave outgoing radiation. .. - - > - : . .

The. usuel schemes for modifying climate involve the manipulation ofilarge 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) incoming shortwave radiation
and in radiating heat at-a higher rate than.theé usual ground cover. A commonly
suggbsted means of climate modification involves thin layers of colored material
sprenad on an icy surface, thus inhibiting both the reflection and radiation processes,
‘melting the ice; and thereby altering the climate. Such a procedure presents

obvicus technical and logistic difficulties. For example, if one wished. to create . .

o surfaco coating of as-little as- one nicron thickness to cover a square 1000
kilometers in size, the total material for this extremely thin: coating would weigh
- & million tons or more, dépending upon its density, So. the ﬁaropoaals to. dust | -
from the air some of the globe’s extended jce sheets are unrealistic and reflact &

" brute-foree technique, taking no advantage of instabilities within the environment.

v
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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

Eotential enorgy of water as a thick, high ice cap is much greater than it would

e at sea level, This fact makes it possible, at least in principle, to devise schemes
for bringing about a redistribution in the ice. 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. Antarctics is. covered by an ice sheet several kilometers thick. Pressure at
the 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 mixture along the sole of the glacier woul
permit flow by a process of freezing and meiting—a flow process much more
effoctive than ordinary plastic flow. : .

2. If such an instability oceurs, the ice sheet will flow out onto the surrounding
sea, and .a large shelf will be formed between Antarctica and the ocean around it.
As a consequence, short-wave solar radiation will be reflected, and there will be
enhanced loss of heat by radiation st 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. The ice remaining on land will be much thinner than before. As the
reﬂectivitﬁr of the southern hemisphere decreases with the melting of the Antarctic
ice cap, the global climate will grow warmer again, corresponding to the start of
an interglacial period. The ice cap will slowly form again. .

Commenting on Wilson's theory, J. T. Holliz has noted the possibility of a
catastrophic surge or: advance. of the ice sheet, such as has been recorded from
small glaciors 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 frictional-
heat generated as the glacier sdli%pes_‘a.long the solid ground. o

If the apeculative theory of Wilson iz eoireet (and there are many attractive
features to it}, then & mechanism does exist for catastrophically altering the .
earth’s climate. The release of thermal energy, perhaps through nuclear explosions. -
-along -the base of an ice sheet, could. initiate outward sliding of the ice sheet
which would then be sustained by gravitational energy. One megaton of energy
is sufficient to melt about 100 million tons of iee.One hundred megatons of energy
would eonvert 0.1 em. of ice into a thin layer of water covering tho entire Antaretio
cap. Lesser amounts of energy suitably placed could undoubtedly. initiate the
outward flow of the ice. A . .

What would be the consequences of such an operation? The immediate effect
.. of this vast quantity of ice surging into the water, if velocities of one hundred

.meters per day are ap?rop_riate,- would be to- create massive. tsunamis (tidal

‘waves) that would completely wreck coastal regions even in the Northern Hemis-
phere. There would then follow marked changes in climate brought about by the
suddenly changed reflectivityof the earth. At a rate-of .one hundred meters per
da& the center-of the ice shest would reach the land's ed%e in forty years.

- Who would stand to benefit from sii¢h application? The-logical candidate wonld
be d landlocked equatorial country. An extended glacial period-would insure near- -
Arctic conditions over much of the temperate zone; but temperate climate with
- abundant rainfall would be the rule.in the present tropical regions.

FUTURE OF WEATHER AND CLIMATE MODIFICATION

The foregoing perhags represents a more positive view of weather and climate
modification than that held by many earth scientists. T believe this'view is justified
&3 it is based on three seientific an'd technological advances, First, understanding

- of ‘basic ‘meteorology. has advanced to such an extent that mathematical models
.of the atmosphere here have heen. develdped inoorporating the most important
elements. Physical processes in elouds, in' turbulent exchanges at the surface, and

- “in-transmigsion of radiation through: the atimosphere are no longer as mysterious
" '8 they once. were. The volumes gimulated by the models range from the size

-of & stngle cloud to the entire atmosphere: these models are no-longer primitive
representations. ' - ‘ : : o -
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Secondly, the advent. of high-speed computers enables. atmospherie. models. to.
be studied in greater detail. These computers have s peouliar importance to
weather modification, since they will enable . scientista to earry- out extended-.
experiments to test whether or:not various schemes for manipulating the atmog. -
phere are indeed possible, and what.the outcome should be, :

The third advance lendlng support. to expectations for weather and climate
modifleation is the new ariay of instruments developed to observe and deteot
changes in the atmosphere. The most dramatic and perhaps the most powerful is.
the meterological satellite, which provides a platform whenece the atmosphere can
be observed, not only in geographically inaccessible regions; but also with entirely
new physieal 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,- Sophistioated surface instrumentation; for
ohserving detailed processes within:-smaller-parts of the atmosphere, provides:us-
with far more powérfut tools witb which-to look-at elouds and at the interaction of. .
the atmosphere with its boundaries tban those which were available ten.ar twenty
Yenrs ago. : o

- EARTHQUAKE MOBDIFICATION .- '

What ocsuses earthquakes? Over geological time, the irregular distribution of
‘heat-producing radioactive elements in the rock layers gives rise to subsurface -
temperature differences between various parts of the earth. In the continents,
granites.and similarrocks have concentrated radioactive elements near the surface;
no similar concentration has taken place in the suboceanic regions, which mayas a
result be more than one hundred degrees centigrade coolerthan the corresponding
subcontinental regions. Such variations in temperature along a horizontal line, due
to the differences in the vertical distribution: of heatsproducing elements, give riger
t0 large thermal stresses, causing strain anslogour to that which cracks a glass

tumbler filled with hot' water. The strain tends.to be greatest in-regions: of: abrupt - - '

temperature change along a horizontal. line through the earth’s ermst. The strain
may be partially relieved by the slow convective flow of material in the deep earth
whioh is thought by some geophysicists to-push-continents about. But the strain -
can algo be. relieved by sharp fractures or.by movements along previous faults in
rocks near the surface. Movement along: & fault radiates energy outward, which :
results in an earthquake. Each year approximately 200 megatons of strain-energy
is released in this fashion, the largest earthquakes corresponding to energy of the
order of 100 megatons. The energy released depends on the volume of material
affected. The largest earthquakes take place along faults having a linear dimension-
of l1000‘ kilometers, whereas smaller ones take place along faults of one kilometer
or less. . : . . :

Major earthquakes tend to be lvcated -along two main belts, ©ne belt, along
‘which about eighty=five per cent of the total energy is released, passes around the
Pacifio' and affects oountries whose coastlines horder this ocean, for example
Japan and thé west coast of North America; The second belt passes throuﬁh-
the Mediterranean regions eastward througb Asia and joins the firgt belt In
Indonesia. Alongthese two belts, large earthquakes occur with varying frequéncies.
In California a large earthquake might be expected once every fifty to one hun-
dred years, while Chile might expect such a disturbance once every ten to twenty
years. Sometimes major earthquakes have occurred in regions ordinarily-thought
- of s bein%l free from risk. For example; the New Madrid earthquake ofi1811-1812. .

devastated a large area of ceniral:North America but had -only slight: cultural -
effects beoause of the area's sparce population. o . S i

Today, our detailed understanding of the:mechanism that causes.an.esrthquake
and of how the related instability- can be triggered is limited. Only within the laat -
few yoars have. serious discussions of ‘e'art%lqua,ke prediotion begun, whereas
moderately relinble weather forecasts. have been available for aboutf the last
thirty to fifty years. Currently; substantial effort {s being made, primarily by
Japan and the United States, to develop teohniques for forecasting earthqualkes,
These techniques are bésed to a large extent on the determination of changing -
strain conditions of materials in the roeks surrounding recognized fault £OIL68.
Of a]ﬁ:ssible value is the observation tbat before an earthquake the scoumulating
strain accelerates, i ) ) B )

Control of earthquakes is a prospect even more distant than that. of forecasting,
although two téchnigues have been suggested through recent experience.

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

L 29-B44'O'- T4 -5



62

earth, The hypothesis is that the awift build-up. of strain due to the sudden
" release of energy in an explosion discharges strain energy over a large volume of
material, : o
2. Another method of releasing strain qneegy has appeared from pumping of
. underground water in the vioinity of Denver, Colorado, which has led. to.a.series of
small earthquakes. The hypothesis here is that underground water has provided
local lubrication. permitting adjacent blocks to slip by one another.

The use a8 a weapon-system of the' strain energy instability within the sotid
earth requires an effegtive triggering mechanism. A scheme for pumping water
seems olumsy and easily detectable. On the other hand, if the strair pattern in
the erust can be acouratly determined, the phased or timed release of energy.from
smaller faults, designed to trigger a fal_'ge fault at some distanece, could %e con- -
templated. This timed release could be activated through small explosions and
thus it might be possible to use this release of energy stored in small faults at
some digtance from a major fault to trigeer that major fault. For example, the
Ban Andreas fault zone, passing near Los Angeles and San Francisco, is part of
the. great earthquake belt surrounding the Pacifie. 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 Bea. In contrast with certain meteoro-
logioal operations, it would .seem rather unlikely that such an attack could be
carried out covertly under the guise of natural earthquakes.

MODIFICATION OF QCEANS

We are still in the very early stages of developing the theory and techniques for
predicting the state of the oceans. Tn the past two decades methods have been
devised for the predietion of surface waves and surface wind distribution. A wan-
iélg B 'steiln for the tsunamis (tidal waves) produced by earthquakes has also been .

eveloped. ‘ o E ’ :
- Certain currents within the oceans have been identified; but we.do not yet know
-what the variable components are; that is, what the weather within the ocean is.
Thus we.have not been able to identify any instabilities within the coeanio circula-
tion that might be easily manipulated. As in the case.of the solid earth, we oan only
speculate tentatively about how oceanic Fi'ocesses might be controlled. .

One instability offering potential a3 a future weapon system Is that nssociated
with tsunamis. These frequently originate from the slumping into the deep ocean
of loosely consolidated. sediments and rocks perched on the continental shelf.
Movement of these sediments can trigger the release of vast quantities of gravita-
tional energy, parf of which is converted in the motion of the tsunami, For exam-

-ple if, along & 1000-kilometer-edge of 'a continental shelf, a block 100 -meters deep
and ten kilometers wide were dro¥ ed a distance of 100 meters, about 100 mega-
tone of energy would be released. ° Eiswel_ease would be ocatastrophic to any coastal
nation. How could it be-achieved? A series of phased explosions, perhaps sotting
off natural earthguakes_, would be a most effective way. I could even speoulate on
planning a guided tidal wave, where guidance is achieved by correctly shaping the

_source which releases energy. ‘ .

BRAIN W&VE‘S AROUND THE WORLD?

At heights of forty to fifty -kiio/met'ers above the earth’s surface substantial .
. numberk of charged particles are found -which made ‘this part of the atmosphere,
-the ionosphere, a%)od conductor of electricity. The rooks and-oceans are also more
eonducting than the lower atmosphere. ‘Thus, we live in an insulating-atmosphere
between two spherical conducting shells or, as the radio engineer would put it, in

an-earth-ioniosphere cavity, or wave guide. Radio waves striking either conducting

shell tend to be reflected back into the eavity, and this phenomenon is what makes
conventional long-distance radio scommunication possible, Only recently, however,
has there been any interest in natural electrioal resonances within the earth-
-ionosphere wave gulde. Like any such oavity, the earth-ionosphere wave guide will

- tend to sustain radio oseillation at eertain frequenvcies in preference to others,

These resonant frequenscies are primarily determined by the size of the earth and -
the speed of light, but the properties 6f the ionosphere modify them to & certain
extent. The lowest resonances begin at about eight cyoles per second, far below the

frequencies Qrdinarﬂ'ﬁi used-for radio communnication.. Beoause.of their long wave .

length-and small field strength, they are diffiult to detect. Moreover, they die
down quickly, within oné sixteenth of & second .or so; in engineering terms, the

- ocavity has a short time constant.

=



The natural resonant oscillations are excited by lightning strokes, oloud-to-
ﬁround gtrokes being a much more efficient source than horizontal eloud-to-cloud
ischdrges. On the average, about one hundred lightning strokes oecur. each
gecond (primarily concentrated in the equatorial regions), so that about six =’
lightning flashes are available to introduce energy before a particular oseillation
dies down. A typiocal oscillation’s field strength is of the order of 0.3 millivolts per
meter. - : i :

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
thesource and at the opposite side of the earth (around Indonesia). Thé intensity
is lower in intermediate regions and towsrd. the'poles, © .. " 'j L

One can imagine several Ways'in which to incresse the intensity of sueh electrical .
oscillations. The number of lightning strokes per second .could be enhanced by
artificially increaging their original number. Substantial progress has been made in
the understa,ndin% of the physics of lightning and of how it might be controlled.
The natural oscillations are excited by randomily occurring strokes. The excita-
tion of timed strokes would enhance the efficiency with which enérgy is injected
into an oscillation. Furthermore; the time constant 'of the oscillation would be
doubled by a fourfold: increase in the electrical conductivity of the ionosphere,

_8d that any scheme for enhancing that conduetivity (for éxample, by injecting
readily ionized vapor) lowers the energy losses. and lengthens the time constant,
which would permit a gréater number of phased lightning strokes before the deeay *.
of an oscillation. ‘ . .

The enhanced low-frequency electrical oseillations in the earth-ionosphers
eavity relate to possible weapons systems through a little-understood .aspeot of
braiti physiology. Electrieal activity in the brain is concentrated at . certain

. frequencies, some-of it extremely slow, a little around five cycles per second, and

very conspicuous activity (the so-‘ca_lied'alph_a'. rhythm) arcdund. ten cycles per

second. Somme experiments have been done in the.use of a flickering light to puil. . .
the brain’s alpha rhythm into unnatural synchrony with it; the visual stimulation
leads to electrical stimulation. There has also been work-on direct: eleétrical driving
of the brain. In experiments disoussed by Norbert Wiener, a sheet of #in is sus-
pended from the ceiling and connected to a generator _woriting at ten.cycles per .-
second, With'large field strengths of one or two volts per centimeter oscillating at .
thg alpha~rhythm frequency; decidedly unpleasant sensations are noted by human
subjects. - o ) S ‘

“The Brain Research Institute of the University of California is investigating -
the_effect of weak oscillating fields ‘on human behavior, The field. strengths in .
thede experiments are. of the order of & few hundredths of & volt per ceptimeter.
Subjects show small but measurable degradation in performance when exposed to.
oscillating fields for periods of up to fifteen minutes. . = o L

The field strengths in these experiments are still much stronger, by a factor of
about 1000, than the observed natural oscillations in the earth-ionosphers cavity.
However, as previously noted, the intensity of the natural fluctuations could be
increased substantislly’ and in principle could be maintained for a long time, a3
troplesal. thunderstormsare always available for manipulation. The proper geo-
graphioal location of the source of lightning, coupled with aceurately timed,
artificially excited strokes, could-lead to a pattern of oscillations that preduce

relatively high. power levels over-certain regions of the earth and substantially
lower levels over other regions. In this way, one could develop a system that
would seriously impair brain performance in very large populations in seleqted . -
reglipns over an extended period, o L T LR

‘he scheme I have suggésted is admittediy far-fetched,-but; I have used it-to-

indicate the rather subtie connections. between. variations in. man’d: environ-

entsl conditions and his behavior, Perturbation of the environment can produce
ehanges in behavior patterns.. Since our understanding of both behavioral and

environmental manipulation is rudimentary, schemes. of -behavioral alteration .

on. thie surface seem unrealistic, No matter how deeply: disturbing the thought of
using the envitonment to manipulaté behavior for national advantage ia. to some,

},h'e‘ %echxéology permitting such use will very probably develop within the next
éw decades. - ‘ ’ L - R

ST BECRET WAR AND CHARGING RELATYONgmIPS. 7 | . .
 Deficiencies both in the basie undérstanding of the physical procésses in the en-
vironment and in the technology of envircnmental change make it,hiﬁhly unlikely

that‘environimental modification will be an attractive weapon system In any direct
military confrontation in the near future. Man already possesses highly effective .
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tools for destruction. Eventually, however, 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 such conditions might be carried out covertly, since nature's
greatirr arity permits storms, floods, droughts, earthqua.kes; and tidal waves to
be viewed as unusual but not unexpected. Such g ‘‘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 naturs, and only after a nation was thoroughty
drained would an armed takeover be attempted. " :
o d0e pddition fo. their.covért. nature,.a-feature common to-several modification
schemes is their ability to affect the earth as a whole. The environment knows no
political boundaries; it is independent of the institutions based on geography, and
the effecta of modifieation can be projected from any one point to any other on the -
earth. Because environmental modification may be a dominant feature of future
world decades, there is concern that this incipient technology is in total conflict
with many of the traditional geographical and political units and concepts.
Political, legal, ‘economic, and sociclogical consequences -of deliberate environ-
mental modification, even for peaceful purposes, will be of sudh complexity that
perhaps all our present involvements in nuclear affairs will seem simple.- Our
understanding .of .basie environmental seience and technology is primitive, but
gtill more primitive are our notions of the proper politieal forms and procedures to
- -+(leal-with-the consequences of modifieation. All-experience shows that less si%niﬁ—
cant technological changes 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 society is to live comfortably in a con-
trolled environment. .-

- AUTHORS: ROTE: In.the-section.on 'weathermodification I have drawn: ‘heavily on
‘Weather and Climate Modification (National Academy of Sciences, National Re-
search Council, Wasghington, 1966). A.T. Wilson’s paper on **Origin of Ice Ages”
appeared in Nature, vol. 201, Pp. 147-49 (1964), and J.T. Hollin’s comments in
vol, 208, pp. 12-18 (1985). Release of teotonic strain by underground nuoclear ex-

...,.-ﬂosion,was reported.by. F.. Press.and:C.. Archambeau in Journal of Geophysieal
esearch, vol. 67, pp. 337-43 (1962), and man-made earthguakes in Denves ﬁ D.
Evans in. Geotimes, vol. 10, pp. 1117, T am grateful to J. Homer and W. Ross
Adey, of the Brain Research Institute of the University of California at Los
Angeies for information on the experimental investigation of the influence of
magnetic fields on human behaylor. . : ST
- Senator PurL. And there are no new potential weapons that could
be_added to that list, are there? - R

Mr. MacDowazp. Many of the ideas -expressed in that -article
have progressed in the sense.that those technologies I discussed have
baendem]?ed:to.amueh greater:extent-today than they were in 1966, -

' Senator PeLL. But there are no new technologies that did not appear
iin that, are there? - . S

Mr. MacDowaLp. Not to my knowledge.
. Senator PorL. Thank you. L

COUNCIL, ON ENVIRONMENTAL QUALITY

As aformer member of the Council on Environmental Quality, were
- youspars cof Mr. Pollack’s stddy committeé they had about a year
and a half ago on this subject? - : , o

Mr. MacDonarp. No, the council on Environmental Quality -
wasb?ot included in the Under Secretary’s committee looking at this -
.problem, . _ ~ o
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Senator PELL.- Did the Council on Environmental Quslity ever have
any problem obtaining the information concerning DOD operations
in"the field of weather modification? -

Mr. MacDonarp: The Council on Environmental Quality as I

-think applies to other agencies, did not have that information made -
available to it. - = - ! N ' :

OTHER POINTS IN MR. ST. AMAND'S STATEMENT -

Senator PELL. Do you have any particular comments besides the
gue‘stion of the potential use of earthquakes with regard.to Mr.

t. Amand’s statement? Were there any other peints particularly that
piqued you one way or the other? : - S :

Mr. MacDonarp. I would have to look at the statement in detail.
I prefer not to comment at this time. DI

EXECUTIVE BRANCH'S REFUSAL TO ARTICULATE NATIONAL POLICY

- ~Senator PELL. What in your personsal view and opinion is the pri-.
mary reason for the executive branch’s refusal to articulate a national
policy on this issue? . = - | T .

Mr. MacDonawp. 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 -
~ feeling, T have no direct knowledge—that other than the references -

contained 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 -gll'ohibiting by international agreement the development of these
methods-as weapons will discourage the development of environmental
modification techniques for peaceful purposes: I don’t think there is
a-simple answer. It 18 one that bothered me a great deal when I was

in the Council and so bothers me today..

U.8. POSITION AT STOCKHOLM CONFERENCE .

Senator PrLL. You were a member and I was adviser to the U.S.
delegation to the Stockholm Conference. Liooking back:ofi that, I
remember 1 was surprised at the sensitivity of our’delegdtion to the
questions of environmental modification of warfare that were being
posed at the time. I recall 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’s mind who was there, - #1.

What was your view in retrospect? What is-the reasoti:for the
ultrasensitivity, you remember, when we insisted on somewhat
gutting the recommendation saying ‘““where fessible” in recommenda-
Palme; the oversensitivity. - - : :
.-Mr. MacDowaLp. Basically, the delegation was, of course, under

" instructions. The instructions'were formulated:in-this area principally -

tion 218. I was curious about.what you.thought of our reaction to -

- by ‘the-National Security Council at that time, I think the situation . *

exists today where ‘there is no overall ‘policy ‘as to.‘whether: or not:
weather modification should be used or weather modification’ ‘tech-
niques be developed 88 weapons of war. -
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. ..When we.were in Stockholm I would say that there was no agreed-
. upon poliey. , .
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

-beiﬁg even discussed was an extreme. _ -

y own theory about it wasthat 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 if
_you-care to hypothesize on'ah opinion. =~ = -

“Mr. ' MacDonawp. T think that it exténded 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

*Senator PErL. Do you bélieve that the Defense Department should
~ be the egency to conduct the new study mentioned in Mr. Pollack’s
statement? I think we have moved quite far ahead in-that a study
" is being ordered by the President.. .. .. - L
‘As you know, in Government you have to go through & 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. MacDonNaLp. 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. C : '
 And only now is a particular a,g'énciy re?uested to carry out such a
study. I think that the Department of Defense is completely inappro-
?riate to carry out such an investigation. It has o vested interest in it.
think it would be more appropriate, for example, to ask the Arms
Control and Disarmament Agency to take on such a study. And-you
mi%h_t argue that it also hds a vested interest. o
“You might 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. = S - -
“Senator PrLL, It reminds me of what a present colleague and for-
. 10er-member of the executive brench-once said about having & coelition
governrieht—it is like Y-puttiiilg the fox into the hen-coop. = 7
- “Mr, MacDoNaLD. :Yes; the hen coop or whatever, but this is clearly
‘a cage in which -you are asking the primeipal participants of a certain
-aotivity to judge whether that activity is good for the country as a
- whole and I just think thatis bad. - ‘ o '
Senator PruL. I would agree. o S
T thank you very much indeed. for coming down from New Hamp-
shire and we are glad )i‘ou were with us today. : O
-Mr. MacDonanp. Thank you very much.
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Senator PerL. The next witness is Dr Thomas Malone, director of
the Holcomb Research Institute, Butler University, Indianapolis,
Ind., and formerly of the University of Connecticut.

STATEMENT OF DR, THOMAS F. MALONE, DIRECTOR, HOLCOMB
RESEARCH INSTITUTE, BUTLER UNIVERSITY, INDIANAPOLIS,

- Mr, MaLoNE.. Thank you very mueh, .~ - e
- My name is Thomas By Malone. I am speaking as'a private citizen,
~ but from a background of onetime Chairman of the National Academy
of Sciences’ Panel on ‘Weather and Climate Modification. and.,Vice
President of the International Council of Scientific Unions and: Secre-
tary General of its Committees on Atmospheric Sciences, and.currently -
s member of the President’s National Atfvisory Committee on Oceans
and Atmosphere where I have special responsibility for their position - -
on weather modification. . = . o
Mr. Chairman, in: view of the advanced hour, it might be helpful if -
I simply submitted my statement and présented my views on what I -
think you identified as the key issues in this hearing. =~ =
Senator Prrr. That would be most agreeable and the statement -
will be inserted in the record as if read. e e '
Mr. Mavong. Thank you, sir.

WHY, EXECUTIVE BRANCH POLICYMAKERS 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 jssue, which, as you know, T
raised 8 years ago before hearings of the Senate Commerce Committee
pointing.out the “nightmare’” versus the ‘‘vision” of the atmospherio -
scientists in this vexing field. : .
__And T 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. courageand -
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, e e :

I think it is a lack of awareness of what we are really talking about:

Second, I think thatin view of the secrecy which veils the Southeast -

Asia operation, one is led to question whether or not the claims of

effectiveness have not been extravagant. This.has been true of weather
" modification in. general and sinee one doesn’t have access to these

reviews—these assessments—one is not.able to evaluate them, .

But. I have a small still voice within me which says that it is not

unthinkable that the claims of military effectiveness: have been

exaggerated just as the claims of civilian effactiveness in this ‘field

" have fraq[llmntly been exaggerated by well-meaning honest people

. whose. ent. o

B Sodhha=t would: be my views on this key question- that you have
raised. . o S

usiasm exceeds their perception. - . S
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ADRQUACY OF MEABURES PROPOSHD

The second key guestion 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 wrong place. This kind of responsibility in the executive
dega.r‘tment belongs in the State Department.

Senator Perr. Or ACDA. Wouldn't that be the logical place?

Mr. Marone. ACDA would be appropriate, I believeé that the im-
plications here—that is, of this matter escalated to its proper hn-
portance—transcends the responsibility of ACDA and becomes a
matter of internationsal science policy which I believe would fall within
the purview of the State Department. '

And I might say, sir, that another institution which might be
helpful is 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-
E’ropriate way to examine some of these larger broader issues and to

ring 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 ehvironmental modification.

One is the energy problem which is vexing us today. It is clear
‘that with a doubling time 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 the 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- -
“quenees of inadvertently modifying the climate that we should begin
to address now. . :

The third ares that I am concerned about is the natural catastrophe
area. Liast-week I was in ‘Miami listening to-the head of the hurricane

.- unit-dewn- there speaking of the frightful, frightening potential for
- casualtie running into the tenms of thousands in, connection 'with
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 hazerd. One cer-
tainly is the diminution of the intensity of hurricanes. If that is to
proceed, the whole operation will have to move to the Pacific Ocean,
and in that case, we immediately get into an international czﬁemt‘ion.

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 great societal issues and the frightening

.. ..policy decisions which .are going to _confront..us within .4 matter. 0%
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decades, then our Government, our Nabion-, has & great opportunity
to take a constructive attitude to frame the proper questions and-to -
subsume within this context the military utilization of this capability,
Andit i in that direction that T would hope that you could with .
your very effective. persistence move the thinking of our policymakers -
‘1 both the executive and legislative branches of the Government. =
I would hope that these %’ommissions, the State Department, or
- OTA would pick out the societal issues which I have mentioned,
assess the adequacy of our scientific knowledge to resolve the policy -
questions involved, identify the research needs, and propose the kind:
of global strategies which would help us all to addréss them. < '
; 'SECRECY 'OF SEEDING IN"soti'l‘:nEAé'r,_A?m‘ S ‘
TFinally, sir, 1. would say’ that there is the question of the rather
sordid secrocy of the seeding in Southeast Asia. T have given my little
. apprebensions there that must remein as to whether or mot national -

security has become intermingled with a-veil which-sort of covers up - -

or shrouds extravagant claims. This could all be resolved velﬁvq-uick_ly
if the relevant documents were declassified and put in. the. public
domaein and exposed to the kind of schutiny which we, in the scientific

community, have found ‘very helpful “in"either reducing extravagant . -

claims or conversely, ‘as a matter of fact, identifying things not
recognized within the scientific establishment, - : :
r: Chairman, I think'I might stop here in view of the hour and be
responsive to your questions. S 3 ' o
enator PELL. Thank you very much.
‘A]ii'MVI:NIBTRATI:QN‘WILLING TO H-AVZE_}” CLASSIFIED mscﬁssmn
I think ﬁe moved a little bit ahead today. For the first time the-
administration has been willing, on-a classified basis, to discuss this

sub{ect. ‘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 ery from declassifieation; and I-agree with you:that -

. it .should be done.
* . BTUDIES ON WEATHER, GEOPHYSICAL MODIFICATION:

- Are you -aware in the scientific community of any detailed; atudies

" on this gerieral subject of weather and geophysicel modification? .
Mr... Mavone. Within' the scientific community, : of . course; the
National Academy of Seience has addressed the weather modification.,

" It has mot..addressed :the broader geophysidal modification .issue—not -

that I am familiar with. P S S A
- PUTTING -ENVIRONMENTAL. MODIFICATION. INTO GONTEXT - ..:
 Senator Prry. I agreg-wi%h .you, t00, in-your statement that these:
Elfqmt%rmsﬂg..ﬁr&ﬁsi%ﬂnd,naﬁ;onp,l;bqrd;ers; they are really globa), and I
now. I have become a member of and become, very interested in the
Club of Rome. The Club of Roms believes, these problems concerning
etiergy, and food. and the oceans and population, transcend national -
borders. I would hope we might add into our thinking this idea ‘of

L

B
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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. o : . ,

Mr. MaroNg: I wish you could persuade the policymakers-in  the
Government that world society is at a sort’of crossroads. Our ability
to manipulate information, to manipulate materials, to interfere witﬁ
.. life processes, to hand them information, have all brought us to the
- stage where our per capita .cagacity to transform natural resources
into goods and services is doubling every few decades. -

This means there is a better life downstream, ‘

On the other hand, we are increasing at about 5 percént per year
our demand on natural resources and we are in danger of overstresaing
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. o

COMMENDATION OF WITNEES

Senator Prrr. I thank you and I thank you verjr much indeed, Dr.
. Malone, for coming to this hedring. - - S :
[Dr. M_alone’s prepared statement follows:]

PREPARED BTATEMENT oF Di. THOMAS F. MALONE DirEcToR, HoLCOME -
REspARCH INgTITUTE, BUTLER UNIVERSITY, fNDIANAPOLIS, INp. -

- Mr. Chairman: In préparing for these timely hearings, I read—and reread—the
report-of the Hearings: on -Senate Resolution 281 held in July of 1972 before your
Committee. Three impressions remain with me following that review:.

The remearkable unatnimity of the seientifioc community in supc{)orting the
Froposal that the United States Government exercise initiative and leadership
1in geeking international agreement to-eschew. the hostile use.of environmental
modification and, in l!pa,rticula.r. military weather modification—yet the seem- .
ing ineffectiveness of these views in making something ha.l}()ipen.' )

he commendable 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 acting on a matter that was brought before them during the
-course of extensive hearings in 1966, o - S . ]

The sordid secreey that shrouded the alleged weather modification opera-

tions in. Southeast Asia—leaving the thoughtful reader wondering whether -
national seourity was really involved or whether the veil of classification was
drawn over these activities to.shield shoddy-seience and extravagant claims
fromi'the seruntiny of peer. review by .which the soundness, .integrity, and
effectivensss of scientific programs are maintained. - s :
"It is with the persuasiveness-and the effectiveness of the arguments advanced
by the scientists in favor of eschewing the hostile use of weather modification that,

I would like to dwell briefly ,this'mominf. My convictions are strong and they have

remained unchanged since February 24, 1966, wheu I testified before the Com-

mittee on (ommerce of the United States Senate and drew a sharp contrast be-
tween ‘“‘the vision’ of atmospheric scientists of & world in whioh ““the benefits of

‘weather and climate control are alloéated equitably among nations by methods

that will have been developed (through) * * ™ ‘a long sequenee of small correct
_ deoisions’ ”* * * * and “thenightmare’’ of atmospherio soientlsts of a world in which

oonflint: ¥ * * hag heen sggravated hy dispute over the rigbts to one of the most
" international of our natural resources—the atmosphere * * * g world in which-* * ¥

the problem of nuclear proliferation. (i3) replaced by the proliferation of an ‘en-

vironmental modifieation capability.” o ‘
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Many of the arguments that have heen advanced by the scientists have been
. based on moral imperatives, that i3, on the ¢ourse of action that would follow from
an ethical framework attuned to cireumstances of the contemporary world, (Ythers -
recognize the jeopardy in which large scientific programs of a necessarily interna-~
tional character might be placed by contaminating scientific efforts directed
towartl beneficial ends with: other écientific efforts directed toward military ends.
These arguments are fundamentally valid, but & new dimension is beginning to
emeérge that intensifies the urgency of the matter and provides a rationale of prag-
matio rélf-interest that might turn out to be compe'[l)ling when idealism fails to
carry the day. This new dimension is concerried with societal issues that require
courageous and jmaginative public. policy :décisions if we are to-avert a: series of
erises over the decade immediately ahead and is also coneerned with the  de-
Eendence on international agreement and cooperation to establish the knowledge
ase upon which these poliéy decisions rest, : : o ) :
Mz. Chairman, I would like to touch on three of these idsues in the hope that. -
ﬁ)uﬁnd_ your committee ¢an cast themr in’s form that will be persuasive to both
ouses of Congress. T . . g S
The first has to do with the world *“food crisis” which is so clearly impending,
and so’ inextricably related to weather and elimate that its intensity may be
exacerbated or ameliorated by the mantier in' which wé ‘ manage’” our atmos=
pherie resources. It is a sitnple statement of favt thut agricultural technology. seeks
to maximize prodictivity while nature seeks to maximize ecological stability—
two goals which are incompatible. To satisfy the scaring world food demands,
we have pushed productivity to siuech high levels that we have fostered a high

degree of ingtability in our” agricultural” ecosystems. This instability interacts ..

with natural fluctuations in weather and climate and could be grievously ag-
%ra.va.ted by inadvertant climate modifications assoclated. with human- activities.
he thousands of depths through stravation in the Sahelian region:of Africs are -
a shoeking testimony to this dangerous: state-of affairs. With world food-demands- -
increasing two to four fold by the end of this centuri, it is ‘¢lear that our global
.agricultural system will be strained to the limit. We have seen during 1973, that

- world: food problems interaet intimately: with our own national system: qf’"-food-' T

production. I-want to make two points: - o
World food production is sharply. dependent on weather and climate and
’ its fluotuations. ' T T ’ o
We must learn to anticipate olimatic changes, whether ocouring naturally
or as g result of human and industrial activities. This problem can not be
‘golved by a single nation. It must be and is being addressed by international
efforts. Next summer there will be convened in Stockholm a special summer:
study addressed to the kind of programs that need to be'mounted-during the

First GARP Global Experiment in 1877~78 in order to illuminate thephysical -

bases of natural and man-made climatic changes, The success of these dilibera-
tions and the programs emanating from them would be markedly enhanced
were they to be carried out within a milieu in whichi international agreements
had been reached eschewing the hostile uses of weather modifioations. Theére
is much more than the success of a scientific program involved. What is
 involved is an effort to provide the body of knowlédge upon which poliey

* decisions vital to our national self-interest depend. S ‘

The second issue hes to do with a ‘'sleeper” in the energy crisis. It is crystal clear
that our current enefgy shortages simply reflect imperfections and art ficial bar-
riers In’ the extraction, transportation, refining and distribution. of fossil fuels.
These are socio-economics Qlitiqa.i.p’robiemswhwb ¢an be-resolved. If ‘one looks
beyond the current set of ‘difficulties, it is equally clear, that we are going to have
adequsite energy for the next hundred years. In faet,with a doubling $img of some-
thinglike 15 years in the'World consumption of ehergy, Ion%bef_b;'_t_e_ou;.fossil fuels
are exhaustéd we may well be cenfronted with one. of the most major policy
decizions the world' hins yet confronted. I refer to the limited édpacity of the
bidgphere to abscfly heat without influcing unacceptable pertubations in global |
w_ir'lc)io patterns and hence world climate, This matter is now under active study by. -

* the presidentially appointed National Advisory Committee'on Oceans and Atmos-
phere ‘which commuhicates directly with both the execytive and legislative
branches of our government. Simply put, the concentration of heat discharged
into the atmosphere may turn oiit to réach a high enough value within the next
hundred years that we will have to place constraints on the population, on the
population distribution, or on the energy consurption per ‘person. The policy

-
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implications for the world, and in particular for éur nation which has such a high
consumption of energ ﬁer capita, are obvious. To assess the seriousness of this
matter ih 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 must be internationalized in our own national
‘self-interest. _ ‘

The third issue concerns the matter of catastrophic hurricanes. If one simul-
taneously looks at the accelerating concentration of pepulation along coastal
zones and the seventy-year record of hurricane entries into these coastal zones,

-w+one:is ded .40 the-sobering conclusion that we seem to be looked in on a course

which will lead us inevitably to a catastrophic event in whieh many fers of thou-
aends of lives will be lost in -a single- weather episode. In fact, one can make.a
categorical prediotion that suoh an event will ocour sooner or later unlegs land-use
policies are drastically altered, conmstruction codes are brought into consonance
with-the kind of storm surges that mathematical modelling of wind, waves and
coastal topography indicate, or alternatively, we develop the capacity to influence
the intensity of hurricanes or.change their. direction. Other options for dealing
with this hazard may bo identified as the problem achieves public visibility. In
the meantime, prudence suggests that we move ahead with research of the kind

-earried 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"competlln'% need for internationalization of the effort. A strong 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 burricanes, however soundly the scientific experiment is designed,

- is an extremely sensitive matter. Hurricanes are notoriously capricious and there
ig a natural tendenoy to agoribe any erratic behavior to human intervention during
the course of scientific investigations into the possibility of medifying either
inteneity or direction. Once again I hope I made clear that more than the scientific -

. integrity or the suocessful conduct of an intrinsically interesting scientific experi-
ment i8 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 orip led.

"1 hope we will not wait until catastrophe does strike and tens of thousands of
'Ou;i ellc:iw citizens are drowned, to take the action that seems to be so clearly
indicated. : .

Mr. Chairman, in these brief remarks I have tried to differentiate between the
point of view that international agreement on environmental modification should -
be Bm;fht because it 1s “good” and the ?)oint of view that at least several grave
societal issues that directly affect the self interest of the United States require for
their resolution the formalization of international understanding and agreement. -
Somehow it seems inconoeivable to.me that the policy makersin this great nation
of ours who have shown such wisdom and imagination in opening up lines of com-
muniecation with potential adversaries can not be persuaded that the course you
propose is not enly statesmanlike but fpragmatically in our-self interest. After eight
years of frustration over the failure of our nation to exercise initiative in this mat-

- er, my hopes have been rekindled by these hearings. - :

“Pwo items by way of conclusion: . - N -
Since the hearings in 1972 the Committee on Atmospheric Sciences of the
National Academy of Sciences has published another report on Problems and
Progress in Weather and Climate Modificalion.and re—_emﬁhasized and reiterated
a pogition teken earlier that: ““In orderto safeguard the life-sustaining prop-
erties of the atmosphere for the common-benefit of mankind, the T.S. Govern~
- ment ig urged to present for adoption by the United Nations Genergl Assembly a
regolution dedicating all weather-modification efforts o peaceful purposes and
estiablishing, preferably within the framework of inlerngtional nongovernmentel
scierflific organizations, an advisory -mechanism. for consideration of weather-
Eodiﬁcaﬁon problems of potential international concern:before.they reach critical
vels. : : e y
" Tinally, it is.time that we Eut ‘this murky ‘maitter of the military use of
weather modifications in Southeast Asia. behind us. Now that we have dis-
engaged from active combat there is no reason, in my mind, that the documen-
tation deseribing those operations and the ‘evaluation of their effectiveness can
now be devlassified and: made available to-the scientific mommunity. T -am
. persuaded that this would have a salutory effect on the troublesome issues
- . . Shat.rewvolve.around.this.guestionable: course:of action.. . . . .
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Senator PuLL. Our final witness today is Prof. Howard Taubenfeld,
of the Institute of Aerospace Law, Southern Methodist University of
Dallas, Tex. S . ' o :

I notice you have a fairly lengthy statement, and I wonder if we
. could have this inserted in ti‘;e.record. . '

STATEMENT OF DR. HOWARD J, TAUBENFELD, INSTITUTE OF AERO-
SPACE LAW, SOUTHERN METHODIST UNIVERSITY, DALLAS, TEX.

Mr. TaveenFaLp. 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 for
not having been able to furnish the statement before today. My wife, .
who is a political economist, 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 few
,points and hope that you may have the chance.to lock at the docu-
ment at some other time. : o

Senator PeLL. And it will be inserted in full in therecord. -

THE 1967 STUDY ON INTERNATIONAL IMPLICATIONS. OF WEHATHER MODI-
fe : : . FICATION : R
Mr. TavsenFeLD, Thank you. To begin with, our work is concerned
only with the weather modiﬁ)(y:at,ion 4spects of the proposed treaty: We
have been working in the field of international implications of weathei
modification since 1967 when the State Department asked us to do &
study for them on international implications, I
That study was publistied in the External Research series of 1968, -
.and I think has met the fate of many such studies. Just a few years'ago .
T 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. S

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 all, most of us, still in favor
of motherhood- and apple-pie.. . .-+ . ..~ - Ll
. The remarks that are’ ¢onteined. in the paper; to some degree have -

- been expressed by others here, and T would liks to, in a sense, Teverse .

what:we did in the paper. ' We did try to comment on this draft treaty,
but:then.to go.on to-some other matters that we are .very concerned
with, Which are s tekeoff from it~ < " o r o v
. . .LANGUAGE OF TREATY . o .
.. I would like to'suggest, as other-have here, that the treaty.as pre-
serited ‘and, as you yourself have-siggested, sir, is in-some ways too -
broad..as-far ds language goes, I, mysslf: as an international lawyer
looking at the world today; would not. be.particularly
eliminating'in this-way what I would like to call svaall-scaleuse without :
getting into the queéstion what *“smiall scale’” means. Weather modifica- = -

o, particularly favorable to . .
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~..tion.in its ‘Tlocal” aspects may be at least as humane as weapons that
are currently permitted. . :

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

1 would also, having been in the field for almost a decade, have to
give a noed of appreciation to.the work that has been done by groups
ike Naval Research people because they have advanced the general
- art-of weather modification in a field- where funding has experienced a
-...deeline.-There might:be some.real problems.in taking them out of the |
field if this is what it amounted to.. . . - - T _

Moreover, and a point which gerha s could only be cautiously made
-:bfy=people.in defense, but which .-.thini -really does need consideration,
if it-does become possible somewhere, sometime, by somebody to.make
or to initiate major climatic 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. o

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

. -+ peses,-should -be. continued. However,.as you.said, it is not.so much

wording and particular small points of the treaty that are important..

Our main problem with the treaty is that in a way indirectly ex-
pressed by some of my predecessors 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. ' . C

We have been talking about the shifting of climate as a major
- .weapon and as a horror stery. 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. ' 3

You are talking about national survival. But when Dr. Teller a

decade ago talked about weather as a possible source of the last
World War, or the cause of it, I don’t think 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
%hift., whatever their reasons, in its weather, and hence its resource

f.36. ’ :

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. - - : : o

Our problem though is that any wide scale effects may verywell
be just'as devastating' to many countries, to many petsons, to.the
earth itsplf. They come about from a usé of climate modification in
war or from experiments-on a broad scale by some scientists. ‘‘Let us
sedif the Arctic ice really will go out if we try one of these things.”-

* - - There-has also been talk of at:least two ki ’délfof-moiﬁéation-:dohe

“entirely for local purposes. The Russians talk about reversing riversin
Siberia to provide more water in central Russia, which is definitely
‘needed. It would also presumably mildly affect, if it did o more than
that, their northern coast by warming it, and that would be useful to

el :

‘There is talk about removing the Brazilian forest. Each of these
- -might in trn cause a catastrophe on’earth. Neither one is being done
or 18 being conteriplated as a weapon or even in any Bense to seriously
..-dislocate.any othen country, yet the effects are of concern to-all.of us. -
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INTERNATIONAL PUSH BY UNITED STATES NEEDED

Our suggestionis that what is needed is an international push by the
United States. I don’t think anyone else will do it—an international .
- approach to large-scale modifications: In this:sense, the. treaty suggeés-
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.ﬁelc%.' : : o B

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. . : -

Tt ‘seems to me we need to focus attention already on things which
are geing on, that is; the potential large-scale shifts caused-by:large-
scale ‘scientific experimerits; large-scale: changes for .other purposes,
and perhaps most particularly, large-scale industrialization...... .

- It'is perfectly clear, as the Stockholm Conference showed that you . - .
can/t sunply “say ‘to a developing country: “Don’t industrialize.”
Devslopment is a very complex question--which has had attention
focused on it-and which T don’t think you want to pay attention to here:

RIGHTS OF BACH COUNTRY..

We suggest in our 1968 studly, and I didn’t see.any particular
reason for shifting, that an overall approach even now te-the .probléms
of large-scale climatic. shift (which would, of course, include large--
scale shifts 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 that was, so that all countries- would
be-;lprotected. S : T :

here is then the additional right of each country te 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 INTERNATIONAL :COOPERATION:. - -

You would need for all of this massive international cooperation
“through : information sharing, .consultatien, joint..programs, joint
controls, perhaps licensing, to achieve beneficial use. You would need
to provide against economic. disaster and.this might very well slow
the developments. It js true you would also need international:political
consensus..in.a regien, or worldwide, beforp any major modification

_ -efforts-could be permitted and this toe would slow the:development.

TREATY SOLVES ONLY PART OF CLIMATIC-CHANGES 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-scdle use ‘of modification.
techniques in war were accepted (and I think if it were limited to
those large-scale uses it might be acceptable to our DOD) it is my -
fear that we might then believe that we would then have solved the-
problem of large-scale climatic chahges. I think that we would have. -
approached otll‘%y a very small part of it. : : .
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We have much more argument in the paper- but I thmk that is
eufﬁclent for this moment.
Senator Prrv. Thank you very much.

HUBRICANI MODIF!CATION

Humcanes may be a point I should have struck on before among
- the various weapons that have been mentioned. I noticed that you
are Nprofessor of 8erospace’ ‘at Southern Methodist University. _
t now, but as the years go by, would we be able to create a.nd
dlrect and point a hurricane?
*: Mr. TauBENPELD. T always’ answer questions like, that by spesking
as a rofessor of law My adwce on technologlcal matters would be
as follows:

It seeins to me that there is scanty but good’ ewdence 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 & 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 & stupendous storm of the type -
that a hurricane represents and steermg 18 word that the people in
the field don’t want to uge.: -

In fact, one of the d1lemmas now, I suppose is that it would be
easier if there was feeling you could steer & hufricane, Right now
‘what you can do, [ierhaps, is to spread it out a little bit and that .
leads to a question I now ask our scientist friends each time we meet
as a'study group on implication of weather modification. Which would
you prefer, a hurricane that was coming in and would probably 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 dilemms 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 smentlﬁc information,’

EFFECTB OF MAJOR INTERNATIONAL PROGRAMB o

Dr. MacDonald, in his elo% uent etatement _spoke about ha.ltlng
this kind ‘of research that is, the potential of usmg weather modlﬁca-
tion ‘or' 9ther enqunmental techmques for war, .~

‘We thike a comiient, maybe s suggestion if- you choose to talke it
that way, that one might very well argue that GARP [Global Atfhos-
~phirig esearch Prograti] “and all -of ~the- ‘othet ma;or scm fific
progiéms in atmeéphere should be halted because those are the Kinds
of rograms that are going to-demonstrate and give us the knowledge
“and ‘perhaps-give the basis for eventually domg this "sort of thmg,
oontrollmg the weather. -

I don’t think that most of the, scientists have any feelmg that these -
‘major international ro ams should cease and et those are the ‘ones
- I rather: thmk not-the limited: work-in-natienst defense 1aboratories;
- ‘which ‘are- going" to: form ‘thebasis-for; rtﬂtimate* waather modlﬁcatlon
=on a ‘very'large scale conceivably.” _ ,

‘-Bensator PELL, Thaiik you. -
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INTERNATIONAL LAW AND WEATHER MODIFICATION

What international discussions have been taking place concernin
the possible extension over weather modification of the body o
internationel law that is being developed in connection with nuclear
testing and chemicel and biological warfare? -

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

Mr. TavBeNFELD., Not formal that I know of; very little on the
informal .side. There are, as far as I know, and again speaking as a
professor of law, there are certainly no formal international agreements
that the United States and other countries participate in with respect
to weather modifications. . - . - . . .

The United States has telked informsally to Canada when we
wented. to seed over the Great Lakes. We have talked informally to
Cuba and to the British about the Bahamas, about the hurricane work.
We. certainly talked to -the Philippines- about. potential hurricane
modification. The Japanese we'are talking to informally because they
are very upset about the possibility of our doing hurricane work and
t{phoon work in the Pacific.and I don’t know if anyone has talked to -

e Chinese Communist Giovernment. about modification. I would be
interested in their reaction. . o . I _

Senator PeLr. 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. TavsenraLp. As far as I am concerned and as far as iy studies
"have gone (I have had two. teams of students trying to work this up,
tco), the answer in my judgment is no., . : , :

' JUSTIFYING WEATHER MODIFICATION UNDER INTERNATIONAL PRINCIPLES
. OF SELF-DBEFENSE

_ Senator PeLL. Do you believe the United States can jusify the use
of weather modification as a weapon under the internationel principles
of self-defense? " ' ' ' ' N
Mr. TauBeNrFELD. If you are talking about rights that involve
_also consideration of -U)Irlited ‘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, and considering what I judge to be the very limited capabili-
ties pf weather modification .isechniques,-ansyer,al,l_iﬁe bit as Pierre St.
A%d did in the quotation youread. . ... g oo
. Weather is, if you like, & potential weapon, and I see no reason why
it should not be used, legally speaking. I chnnot in.fact myself see.any
reason. why it should not, in.the present state of the arms control
. legal framework, be.used from the moral point of view. If it is possible
to prevent the enemy from getting to the battlefield with guns and
requii)mqnt by making aroad muddy, itis vgr{)hand formetosee why that
should: be.j ‘?&ﬂl\-“!hen-‘i.#‘;is/.p_erm;%.sible to blow him up once.he gets -
. . there..I find that.a dichotomy that is very hard to understand. -~ -
- .- Now, if you are telking sbout some future worth, in which we have
“much sounder controls over all kinds of weapons, in. fighting, I-would
-idikesbo-Teconsiderthat. - - L e e

30u844 O - T4 8
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. COMMENDATION OF WITNESS =

Senator Per, Well, .I' thank you- very: much -indeed, Professor
Taubenfeld, -and: thank your wife for her contribution to your state-
ment which we look forward to enjoying. And this concludes this
hearing of the subcommittee which will now adjourn subject to the
call of the Chair. =~ S L e e

[Dr. Taubenfeld’s prepared statement follows:

PreEpARED; STATPEMENT OF DE. HoWARD J. TAUBERFELD; INSTITOTE 0F ABROSFACD
" " Law, BourHERN METHODIST UNIVERSITY, DaLvas, TEX.
While the evidence that the United States was probably engaging in aome form
of weather modification: aetivities in- Southeest Asiaigseoms-t0-be: one:of: the most.
important generators of current efforts to bar, by treaty, environmental inter-
vention by the militery,! some commentators have been concérned with the posgibly
disastrous effécts of conscious and unintended large-acale:-weather modification
aotivities for- many years now.?.Fer & -number.of reasons, developed hereafter,
while ‘we remain very much disturbed by the majorl'g)olitical ‘conflicts and serious
systemic destabilizations which. can be expected if certain. large-scale weather
modification techniques become: operational-we ean. only-support'the creation of a
treaty of thetype contained in “the Pell resolution’ after modifications and: then -
with some remaining reservations. - T S S
We do not propose torehearsedn detail here matters which earlier subcommittee
hearings and several other publications have examined extensively. In-brief, these.
earlier. materials, as. well as many discussions. .ever.the years among concerned
individuals 3 suggest that. support for the Pell Regolution comes from diverse
sourees and concerns, moat of which contain the kernel of an important considera-
tion for society. In varying degrees, these include concern, over (s) the potential
risk of major and/or permanent.damage to the.world-environment or:to that of a.
country from unrestrained intentional large-scale wartime modifieation activities;
(b)- the possibility that modification as a- weapon may be indiseriminate in its ef-
- feots; and/or its results may be very difficult to control or even to predict; it would-
thus tend to damaﬁe the civilian, ag well as the military. commponent.of an enemy,
-and, indeed, it:might damags non-enemy regions'as-we].{-, perhaps gignificantly, for
it might trigger much larger climatic-changes than were intended. In general, these
two can be summed as the fear of a deliberately induced poorly-controlled natural
catastrophe; (¢) it might be most useful primarily against ‘‘civilian! targets;
(d) the possibly destablizing effects of weather-switching knowledge in: the hands.
of cne or more nations-which, could use it as a threat-of huge scale damages in war-
time and therefore as a type:-of “total weapon,” or giimply as a means of improving -
their own weather, in a way which might damage the weather. of others signifi-
. eantly; (e) the feei.ing among scientists and others that “seience’” and the work
of we'lf’-‘meauing “acientists’” should not be used for such purpeses as. weapenry
and certainly not for the elaboration of new “total weapons” of this type; (f) the
foeling .tha.ti(lp any- move ot (2) any credible; safe-move towards “arms control”
ig useful—a-“step in: the right direotion’  towards establishing, eventually, an
. overall gystem of arms. limitation; and control, and binding international conftiot
resolutions: institutions? () the feeling that. one is-here intervening in God’s
handiwork: and that this: is; -of necessity, .wmng-aﬂdxdangl?rouh_. Of thesey it i
primarily’ the firgt three dnd most especially: éonvern-over the possible emergence
of what might well be s new total-weapon even less controllable.than: the-existent
ones-which are-alluded to-in.the Resolution and the-draft ‘tréaty as hasés for:
conceﬁned detion., We will réturn- briefly to all ‘bt the J8st of thése other coneers:
To .acoomplish its-ends, the treaty proposes a- ban, “‘at any place,” on-“‘any
enviromnentel or geophysical modification activity as a weapon of war’” and on
“any. research or experimentation” directed. to that.end, while formally exeluding
“‘any regearch, experimentation, or use for peacefil purposes.’”” Weathér modifica~-

ulilzasd“' generally .Davis;.f‘Wea’phar_Wartan_az Law Iaﬁd-i’olmy,"'lfa_ﬂ.rlz. L. Re'w;..ﬂbﬁ_‘-ﬁas-.('lﬂ'_?s), and gonroes -

" 3 Spo Taubenfeld & -Taube’nf_ﬁld - External Resoarch Serles, U8, Dept..of State; 1088 *“The Interniitional
Implications of Weather Mod| ocation Aotivities,” “Some Tnternational Tin, 'lioaﬁons of Weather Modifica-
tion Aotivitles XXITI ntl: Org. 808 (1060), and 'sourced oited'in these twodtems; =~ ' '

; _8]%?‘:1- exgmp{%,? zat the all'day meeting on weather modification at the A A:AB meeting here in Weshington

1 Dacember; 1072, it o A onat i s o & g
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tion is defined as including any activity designed to, or in fact effecting precipita-
tion change, hail, lightning and fog change, storm system change and long range
-atmospheric effects anywhere. _

While we have long shared this Subcommittee’s concern about major environ-
-mental - alterations and have:often cited Dr. Edward Teller's prediction  that
“weather” might be the cause of the “last’” world war, the present draft treaty
seems both too broad and too narrow to adequately improve human security on
“spaceship earth,” once we can deliberately make major, widespread and/or
irreversible modifications in the weather and sven the climate. )

1. The proposal is too narrow: - : ‘ : )

(a) While' weather modification technology is, today, concerned with at best
.. modest, short-run changes in relatively small geogra]ilhic areas, it is the possibility

- that large-scale changes in climate may oocur which should be the foous of concern.
Whether such changes come about as acts of war, from unwise large-scale peaoceful
. experiments, from intentional-acts designed-for other:purpeses, such as to improve

a countr;lrl’s own weather or clear its forests for other productive uses or,-indeed
from. such events as the industrialization of a new:ares, the effects on mankind
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 st all now, it seems'most important to focus on a proposal like
~that suggested by SMIC which would prevent “large-scale” (they suggest over
‘one mi]fion square kilometers) or persistent. or long-term modifieations; at least
until the scientific community achieved consensus on the consequences of the
. activity.t We would, of oourse, certainly want 4o broaden this to-add othercrucially
important criteria from society’s point of view before commqncing any environ-.
mental modifying experiments or 'O}ferations in which long-run and/or ultimately
significant effects on others are implied even:if these considerations may at times
delay the scientific quest. Moat important we would like to reguire that fmh‘tical
consendus 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 leasgt from the new knowledge sought.® .

Note, however, that this traditional approach to limiting potentially deleteriour
international actions that might damage another state incorporates a strong
traditional bias endogenous in the international system. That bias is clearly in
favor of the status quo, including in this case the_present distribution of good
weather, and other deaiciemtq,, for example, a livable environment, with industrial
development. This immediately exposes the political dificulty in the long run in

]
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adopting & confiiet resolution stratogy relying primarily on such a self-negating
agreoment as that no state will harm another by inducing environmental or -
weather changes without its consent. Such a self-denying system has not worked
in the past and cannot be expected to work in the long run to control international
oonilict over resources and the weather as s major resource. The. problems are
obvious.,. What about: those states initially poorly endowed with good:weather
like the Boviet Union? Once they learn how to improve their situation and becdme
strong enough:to challenge the status quo, they can be expected to make efforts
to recarve the status quo distribution of good weather even if that should happen .
- to'impose some logses on other states. They may try to get congent by threat or-

threaten war for retaliation, Hard bargaining and repetitive international crises
and escapades of brinksmanship can be expected if improving one nation’s weather’
dramatioslly must entail serious losses to another—unless these potentialities are
somehow successfully neutralized by better conflict resolution machinery than
hag been adumbrated at the intérnational level in the past. .

This can be thought of as another version of the ancient problem of maintaining
the peace: how to accomplish and accommodate peaceful changes of a redis-
tributi¢nary nature in 'a system in which the.corsent of the damaged parties has
to be obtained, not primarily for legal reagons but because otherwise théy may be
expectéd 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; which --
are ghort of war, do exist, for example, by diplomacy, including promises, threats
and various expressions of superior bargaining power based on- various sources of
power, economic, geographic, psychologital-legal, as well as 1onlitical, ete. all
sompounded together in gomie internationdl forum like the U,N, (A court wonlt
do for the Power demanding more than its status quo rights.) But all too often
war has become the ultimate engine of redistributionary change in the inter-
national gystem. In conclusion then, though we do. suggest that any treaty on
weather and environmental modification adopt this normal legal and political
sirategy for allowing a sovereign the freedom to. act to improve his knowledge or
welfare, to.modify the weather, for example; only with the consent of other
damaged parties in cases where these activities are likely to affect other nations’
weather and resource bases in ways they do not consider desirable, we do not.
consider this would be likely to bevin the long run agufficient d_esign of a-political~
~ ingtitutional setiing for accommodating major international weather modification .

possibilities peacefully into the international system, particularly if redistributions.
are unavoidable-—if some weather must be worsened, as seems likely. As a begin-
.ning, a8 & part of & strategy for which there ig gcmd higtoric precedent—for keeping
the pesce until a more adequate institutional design can be negotiated, we propose
- such an aﬁpmach, with the caveat that it does have a conservative status quo
" bias and therefore is likely to be challenged eventually on this ground by nations
which might gain disproportionately.” = - o )
. At least imitially it is likely to constrain somewhat the pursuit of seientifically
or politieally dangerous experimentation to require that all likely significantly-
affected parties be (1) identified and’ (2) consulted for their agreement. Note at
present levels of scientific.knowledge even’the firat: of these, the identification of
all parties likely to be impacted in th_e.lr'm%:ruhiby; s-medification experiment or
prolﬁram requires much more information than ls-presently available.® To get this
would necessitate normally much more “‘experimentation in gomputers” or-if it -
is abscllitely necessary to use s human en.\’irpiiﬁ’lﬁél,lt-\%., & laboratory, this would -

in logié¢'réquite both ‘careful precavtions to limit the effécts on humans-and their .

environment, of experiments-to find out about; impadts—and far more egmpre-

ot

hensive éfforts to. dompensate thoge damaged in this puirsuit of essential scientific

knowledge than has been traditional even’in the traditional U.8, approach fo the '

“liability of those who: affect others deleteriously in the pursuit of: knowledge: for..
- the benefit of-all by scientifio experimentation: Thus, in sum, we ﬁ_uggeab: that, to
protect humanity, lts weather and edosystem and the Fesource bases. of the.nations .
of the world ¢ommiinity from deliberate or unexpéetéd but in prineiple foreseeable
damage’ due to selentifio experimentation or, later, implementatlon in weather
modification, seismie manipulations, etc. that .a,treatﬁ,he sought on_ the broader.
lines suggested above rather than on the narrower Pell approach: o S
-1 And by some dolentlsts who st Ikely to-disiike any long run, constrairits, no: matter how ipoltttally
onggFggﬁglﬁlg%%?éo%f oﬁth‘é‘l;?frlggdgm‘igodéxﬂg&é' ¥ 1ong . copstraluts, ‘ iarvand

8 K ample alternative methods.of Intentionally or. unintentionally melting the :Arctic loa cap-is-one-:
major experiment In naturs, frequently mentioned in the literattire which quite possibly. m;%ht effoct changes
in mﬁo: m%ther patterns globally in-ways that are debated. Bclentisis seem agread;alre b
Mies this; With potentdally world-wide consoqenigos should not be undertakon. until bottar undorstogdor -
~ ghould be undertaken on]IHc after carefitl worldwide setentific-sorutiny, We heve suggested that worldwide

political serutiny should Hkewlas be recguired despite the implied delays-in experimentation,

L

y. that-anything. , .
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If major conflicte over the environment or over the distribution of good weather
are allowed to develop because some states are likely to be damaged, 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 & onge (1) it seems on the face of it very likely that it would be difficult to
enforce a Pell-style treaty of self-denial of ““the weather weapon’ and (2) ot first
blush, at least, it would appear in these circumstances, not necessarily desirable
to do so. Major weather-switching might under some circumstances be the most
preferable “total weapon,” allowing, for instance, human life to persist and, in the

ood climes after the peace (presumably occupied by the winners) even to prosper.

nless, of course, a3 also appears likely in the case.of nuelear powers, the would-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 éxploring these lines of reasoning, even despite the wide-
spread distastefulness of sich analyses. Judging from past experiences with dis-’
armament tommitments the credibility of e self-denying treaty obligation te
eschew using major weather modification as a weapon is likély to be poor 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 circumstances are considered, it

ag}:)ea.rs likely to be profitable for & state to use them. In this case, the most prob-
able techniques involved seem unlikely to be seoret or to require significant con-
version to be switched from peaceful to wartime purposes. Since they are also
likely to be generally very broadly sought after and available as & relatively cheap,
ﬁgtential source of economic self-help, most nations, large and small, are likely to

ve credible access to this class of potent ally devastating weapons. Also, this
oould be expecied to be an “n-country’ world in the case-of the “weather wea-
pon”’ very soon after seientific discovery. How then could any nation really rely on

a Pell-type self-denying treaty to protect it from this lpotentia.lly 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

irreversible. damage: or annihilation.  In sum, it seems quite reasonable to guess
-that, since the technology of weather switching is likely to be widely available and
to result in a-less devastating *‘total’’ wea]ilon than nutlear devices, that threat to
‘resort to it, if such threais were not made illegal, mifht become relatively frequent

in the present international system. This might, indeed, alse increase the risk of a

nuclear counter threat or even a nuclear riposie by the nuclear powers. :

" Thus it seems worth attempting to put at least s 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-
fication beoame fpossible, it would become part of the menu of terrors which the
nuclear power of the nuclear powers, the most total weapon, is balancing, which

-pen be expected to be the real enforcement behind a Pell type self-denying proo-
-lamation prohibiting the resort. to weather and. .environmental modifications.!?

But again this promises to work most securely against nonnuclear tpowe_sra. How

to effectively deter Soviet or Chinese aﬁgressive self-improvement of their initial
. weather endowment, remains unclear and crucislly important. Again a general ban

on the weather weapon, plus a ban on damaging others without consent by en-
... vironmental medifications would at least establish a tenable legal posture. for.the

- srest of the world, which-would, no doubt, have to be supplemented by some crea-

tivelnégchinery for international weather-environment redistributionary, confliot
regolution. : " - )

-In sum, it appears cruclal to design & .system for managing all important
- international-conflicts: over weather and -the environment, which are impliclt in
-an unrestrained seientific free-for-all to' discover these tectiniques ‘of ‘manipulation
of nature, followed by an unconstrained economic competition to grab off the
best modifieation of the original natural distribution. It ig these competitions

among major powers which-are likely to be radically destabilizing in t is inter- '

-national system; and which therefore attention s_houjd focus upon pri\_mn,rily. N

¢ Indeed, the weather weapon mey never bs used, as g6 has not generally been since the First World
~War, heoatse it 15 too difie OF G0ttty to-conrirol and might tmormam:gJl '
10 Bhould the international sysiem some day stteceed in temoving this nuclear deterrent to aggressive
- weonther switohing for- oful or war purposes then the self-denying obligation not to use weather-environ-
ment aﬁﬁressiveaf or g damage other nations even.m]'.ige aok enforcaabilit;
T

Boe! -pw could again 1 ; ¥
. and cre bﬂit.{. en 30, since most nations could guite likely bo vkpected to be able to resort to the weather-
weapon, it is less. Mkely that this-would:lend ‘to. s Unilaterally:destabili -digarmament.:And more-im-

dﬂf And;

portant, a woild that could dehiéve e credible nuclesr disarmament would presumably provide as well
# mugh-safer, leas volatile world system then the primitive coramunity we have been nssurning which
relles-heavily for stability on this balance of terrors, ) _ ‘ i .
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.. In addition, it seems evident that it has to be the world's business since it is
likely 10.be a cause of major international conflict if a.new ice age——or some other
major environmental perturbation is preeipitated by nation A’s use of wide-seale
modifieation in a war with natjon. B, or by the. industrislization .of Africa,!t or the
- eclearing of the Brazilinn forests, or by the scientists of country C in experiménting

with climatic shifts, or by the actions of the Russian state in seeking to change the
dircetion of rivers to bring irrigation water to central Russia or to warm an Arctic
port. We do not suggest that all issues be lumped together or that they ean be
treated identically, but some potentially productive approach to-all of them is
now called for. . e e )
_: Furthermore, since, we:can agsume that no nation would like any other.nation
to_be abla to, or to -have.n legal right to, initiate major weather changes which
would affect it deleteriously, and since at present no nation has schieved that
capusity,,this-would #eem a reasonably promising time to seek s generally bene-
ficial treaty arrangement for the control of damaging intervention in the weather,
climate or environment. Perhaggfa; treaty. (or even a:UN declaration), of the type.
W6 Hug pqted in 1968, is:in -order. on the Peacgeful Uses of Weather Modiﬁcation

Capabilities. In contrast with the present Poll proposal we feel this should include
an attempt to forgee and neutralize as far ss possible all the imporiant dangers to
the peace potentially implicit in these new technologies. Such an effort would
include pledges on:- . S T , .

‘(1}. The inviola.bilitﬁ of all nations’ resource bases, including the rights.to their

normal moisture and their weather,1s L - .
- (2) The right of each nation to permit or conduet controlled experiments to
control and improve the national weather.so long as his is not undertaken Bg-
gressively but undertaken with due pareforthe requisites of safety and for peaceful
- purposes and does not affeot other nations’ pa.raﬂ.lbl rights and rights under (1).
. unless the express or tacit consent of the latter is obtained. S L

(3} The need for international cooperation. through-informetion sharing, con-
sultation, joint iprograms and/or. controls, ;fossibly with licensing, to' achieve
beneficial use of the. possibilities of controlling weather modification .for the
g’reatest benefit of all mankind and for sharing the costs and gains fairly. The

- forms cooperation will take should keep pace with knowledge and unfolding tech-
nological .capabilities. _ L .

'(4§1The need for international cogg)emtion among the affected states for effec-
tively controlling pollution and the damages from inadvertent weather modifica-
tion while agsuring the right to pursue industrial development to all. - .. .

- It is surely time now to.think further about defining and-achieving the optimal
internationsl  ingtitutional strategy for regulating the whole potential: range. of
environmental modifieation activities to assure they are normally undertaken-only
in the scommon interests. : ) PR T S

Some years ago. we auggested, not hopefully, but-not entirely facetiously; that,
.sinee the development. of any capabilities t6 create major weather changes might
be extraordinarily destabilizing in the current world system.of order, that all such
major international research projects in climate and weather as- :ARP, which
are designed.and intended to yield the information which would make & ‘“weather
weapon. mueh mare of a real possibility, be postponed:or halted until such time
as the necessary. actions to.cope peacefully with these possibilities also seemed

. likely. .

.. We oan not realistically expect the scientific. community .to, willingly.give up
such major quests for understanding. We-therefore ‘agree with  the Bubcommitiee
that international action of sgme sort to.safeguard huanity from the dangerous
potentials: of such new knowledge is-already appropriate. We. {eel, however, that
the:-a.p})x,oach to large-seale. weather modification. should be more inclugive than
that of the proposed treaty in-ways already. mentioned. We also feel that the
treaty goes.too.far in otherrespedts.. .- ... - ath e IR S PR

2. The proposal is too broads - --- . .7 .t 7. .0 ST '
- (a); There are several possible. modification techniques which seem inappropriate
for banning in part for humanitarian reaspns at least so long as.armed conflict by
traditional weapons remains internationally lawful. ‘The most obvious oase is

-1t The “Industrialization-pollution’’ set i3 clearly very untractable without some sodlfieation: of the
etrrently typleal actions of the actors in the International system. It 15 by no mesns impossible to think
of approaches whish would induca the developlng states to cooperate to minimize world probléms 56 long
a3 they.do not hal;re to paf for thigluxury:' . . ' . ) B

12 Bince it may be sclentifically¥he case’that any modification effort may have somae.effect, however slight,
on another (or.on every othér) country’s weather resourees, 1t-should be made clear that thig principle
doeg not hiar all activities. I an effect 18 yninor and unintended, and can' be readily end fully compensated:
for, 1t presuitiably should Lo tolerated. “This prinelple nakes it clesr that damagé must be avoided where
posstble and paid for where miner and lnadvertent. :



