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WEATHER MODIFICATION AS A WEAPON OF WAR

TUESD AY , SE PTE M B E R  24 , 19 74

H o u se  of  R e p r e s e n t a t iv e s ,
C om m it tee  on  F o r eig n  A f f a ir s ,

S u bco m m it tee  on  I n t e r n a t io n a l
O r g a n iz a tio n s  an d  M o v e m e n t s ,

Washington, D.C.
The subcommittee met, at 2 :15 p.m., in room 2255, Rayburn House 

Office Building, Hon. Donald M. Fraser (chairman of the subcom­
mittee) presiding.

Mr. F r a s e r . The subcommittee on International Organizations and 
Movements will come to order. There is an amendment pending on 
the floor of the House on which there will be a vote soon, but  I  think 
we should proceed with the hearing now.

The subcommittee is conducting a hearing on House Resolutions 
116 and 329 and calling on the U.S. Government to seek international 
agreements to limit the deployment of weather modification as a 
weapon of war.

[The resolutions follow:]
[H. Res. 116,  93d Cong., 1s t sess.]

RESO LU TIO N

Whereas there is vast scientific  po tential for hu man betterm ent throu gh e nv iro n­
mental and geophysical contro ls; and

Whereas there is grea t danger to  the world  ecological syste m if environm enta l 
and geophysic al modification act ivit ies  are not controlled or if used indiscrim i­
nately ; and

Whereas the  develop men t of weapons-oriented environme ntal and geop hysical  
modification act ivit ies  will crea te a threat  to peace and world  order; and

Whereas the  United  States Governm ent should seek agreement w ith  o ther  go v­
ernments on the  complete  cessation of any  research, experimentation, or use of 
any such ac tiv ity  as a weap on of war : Now, therefore,  be it
Resolved, Th at  it is t he sense of the House that the United States Gov ernmen t 

should seek the agreement  of other  governments to the following t reaty providing  
for the  complete cessation of any research, exper imentation, and use of any 
environm enta l or geophysica l modification ac tiv ity  as a weapon of war:

“ The Parties  to this Treaty,
“ Recognizing the vast scientif ic potential for huma n betterme nt thr ough  

environm ental and geophysic al controls,
“ Aware of the  great danger to  the  world ecological system of unco ntro lled 

and indiscriminate  use of environm ental and geophysical modificat ion 
activ ities ,

“ Rec ogn izing that  the  developme nt of weapons-oriented environm enta l 
and geophysic al modificat ion techniques will create a thr eat  to peace and 
world  order,

“ Proc laim ing as their princ ipal aim the achievem ent of an agreeme nt on 
the complete cessation of research, exper imentation, and use o f en vironme ntal  
and geophysical modification act ivit ies as weapons of war,

(1)
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“Have agreed as follows:
“Article I

“ (1) The States  Partie s to this  Treaty und ertake to proh ibit  and prevent, at 
any place, any environmental or geophysical  modification act ivity as a  weapon of 
war;

“ (2) The prohibition in paragraph  1 of this article shall also apply to any 
research  or exper imenta tion rela ting  to  th e development of any  such act ivity as a 
weapon of war;

“(3) The States Parti es to this  Treaty und ertake not  to assist, encourage or 
induce any Sta te to carry  out  activi ties referred to in para graph 1 of this article 
and not  to par ticipate  in  any othe r way in such actions.

“Article II
“In  this Treaty,  the term  ‘envi ronmental or geophysical modification act ivi ty’ 

includes any of the following ac tiviti es:
“ (1) any  weather modifica tion act ivi ty which has as a purpose, or has as 

one of its  principal effects, a change in the  atmospheric  conditions over any 
pa rt of the ea rth ’s surface, including, bu t no t limi ted to, any  activ ity  designed 
to increase or decrease prec ipita tion,  increase or suppress  hail, lightning, or 
fog, and direc t or dive rt storm system s;

“ (2) any  climate modifica tion act ivi ty which has as a purpose,  or has as 
one of its principal effects, a change in the  long-term atmospheric conditions 
over any  p ar t of the  e ar th’s sur face;

“ (3) any  earthquake  modifica tion activity  which has as a purpose, or has 
as one of its principa l effects, the  release of the  stra in energy instabil ity 
within t he  solid rock layers beneath  th e earth ’s crust ;

“ (4) any  ocean modification act ivi ty which has as a purpose, or has as 
one of it s principa l effects, a change in the ocean currents  or the creation of 
a seismic d isturbance of th e ocean (tidal  wave) .

“Article II I
“Five years afte r the  ent ry into force of this Treaty,  a conference of Partie s 

shall be held at  Geneva, Switzerland, in order to review the  opera tion of this 
Tre aty  with  a view to assuring  th at  the  purpose of the preamble and the  provi ­
sions of the  Treaty are being realized. Such review shall tak e into account any 
relevant technological developments in order to determine whether the  definition 
in Article II  should be amended.

“Article IV
“1. Any Pa rty  may propose an amen dment to this Treaty . The tex t of any 

proposed amen dment shall be sub mitted to the  Depositary  Governments which 
shall circula te it to all Part ies to this Tre aty . Thereafter , if requested  to do so 
by one-third or more of the Part ies, the  Depositary Governments shall convene 
a conference to which they shall inv ite all the  Parties, to consider such am endment.

“2. Any amendment to this Tre aty  shall be approved by a majori ty of the  
votes of all the  Part ies to this Treaty.  The amendment shall enter into force for 
all Parties up on the deposit of ins trum ents  of ratification by a m ajor ity of all the 
Parties.

“Article V
“1. This Tre aty  shall be of unlimited dura tion.
“2. Each Pa rty  shall in exercising its national sovere ignty have  the  righ t to 

withd raw from the Tre aty  if it decides th at  extraordinary  events , related to the 
sub ject  ma tte r of this  Treaty , have jeopardized the supreme interests of its 
country. It  shall give notice of such withdraw al to all oth er Part ies to the  Tre aty  
thre e months in advance.

“Article VI
“1. This Tre aty  shall be open to all S tate s for signature . Any Sta te which does 

not sign this Tre aty  before its ent ry into  force in accordance with para graph 3 
of this Article m ay accede to  i t at any  time.

“2. This T rea ty shall be subject to  ra tification  by signatory State s. Inst rum ents 
of ratification  and instruments of accession shall be deposi ted with  the  Govern­
ments of the  Ln ited States of America, , and which are hereby
designated the  Depos itary Governments.
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“3. This Tre aty  shall ente r into force afte r its ratification by the  States, the  
Governments of which are designated Depositaries of the Treaty.

“4. For States whose inst ruments  of ratification or accession are deposi ted 
subseque nt to the  ent ry into force of this Treaty,  it shall enter into  force on the  
date of the deposit of their instruments of rati ficat ion or accession.

“5. The Deposita ry Governmen ts shal l prom ptly  inform all sign atory and  acced­
ing S tate s of the date of each signatu re, the  d ate  of deposit of each inst rum ent of 
ratif ication of and accession to  thi s T rea ty, the  da te of its entry  into force, and  the 
date of rece ipt of any requests  for conferences or other notices.

“6. This Treaty shall be  registered by the Depositary Governments pursu ant to 
Article 102 of the Charter of th e Uni ted Nat ions.”

[H . Res. 329, 93d Cong ., 1s t sess. ]

RESOL UTION

Whereas the  Declaration of the  1972 Un ited Nat ions  Conference on th e H uman 
Environmen t declared th at  nations  have the  responsib ility to insure  th at  the ir 
•own activ ities  do n ot damage  the  environment of o ther nations ; and

Whereas the  World Meteorological Organization has mach inery  to faci lita te 
intern ational cooperation in meteorology; and

Whereas environmental cooperation can help build a foundation for world peace;  
and

Whereas  there is gre at danger to  th e world envi ronmen t if weath er modification 
activitie s are used for warfare: Now, therefore, be it
Resolved, Th at  i t is the  sense of th e House of Rep rese ntat ives  th at  t he  United  

Sta tes  Government should seek agreement  with  other members of the  United  
Nations on the  prohibitio n of research, expe rimentation, or use of w eather modi­
fication act ivi ty as a weapon of war.

There  are those who have  argued  th at rai nm aking  is an effect ive 
weapon of war and  th at U.S. dev elopm ent  of w ea ther warfare should 
no t be ham pered.  Th ey  m aintain th at  rai n is a fa r more huma ne way 
of sto pping  an ene my  th an  is the  use of bom bs. On the  othe r side 
some exp erts  have  expressed the  view th at at  presen t rai nm aking  is 
inef fectual as a wea pon  and th at  m ili tary  use of we ath er modificat ion  
se ts a prece dent for  fu rth er  use of env ironm ent al and geophysical 
modificat ion  t ech niq ues  which may  le ad to irreversible dam age  to  the  
wor ld environment.  In  thi s con tex t, it  is difficult  to justi fy  we ath er 
modif ica tion  as a l eg itima te mili tar y activ ity .

In  these hea rings we hope to explore the  ram ific ations of thi s 
contr overs y wi th reg ard to wh eth er or  no t there  sho uld  be in te rn a­
tion al agr eem ents to lim it we ath er and envir onme nta l modification as 
weapons.

To da y we will h ea r from t hre e witnesses ; Our d istinguished  colleague 
from  Mary lan d, the Honorab le Gi lbe rt Gu de;  Rea r Adm. Thom as D. 
Davies, Assis tan t Di rec tor  for Nu cle ar and Advan ced  Weapons 
Tec hno logy of the  Arm s Control and Di sa rm am en t Agency; and 
Dr . Edi th  Bro wn W eiss, Brookings  I ns tit ut ion.

Mr. Gude, we will beg in wi th your  tes tim ony, wi th  the  unde r­
sta nd ing th at  whe n your  tes tim ony is com ple ted  th a t we wou ld like 
to have you join  the sub com mittee  for the  balanc e of the  tes tim ony.

STATEMENT OF HON. GIL BER T GUDE, A RE PR ES EN TA TIVE  IN  
CONGRESS FROM THE STATE OF MAR YLAND

Mr. G ude. Tha nk  you,  Mr . Chairman.
I t  is a disti nc t pleasu re to appear befo re thi s sub com mittee, Con­

gressm an Frase r, and tes tify on beh alf  of ou r resolu tion calling for an 
agreem ent  among members  of the  Un ite d Na tio ns  to proh ibi t t he use 
of weathe r modification as a weapon of war. I am  pleased to stat e th at
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since we in troduced  House Resolution 329 on Ma rch  28, 1973, we have  
bee n join ed by  55 of our  colleagues  who share our  concern  for the  
harmful  po ten tia l of thi s new w eapo n.

This hea ring is pa rti cu larly  tim ely  in view of several  recen t event s:
Fi rst , Sen ate passage of a sim ilar resolu tion  on Ju ly  11, 1973, 

Sen ate  Res olu tion  71;
Second, the  admissio n of fo rmer Defense  Secre tary L air d in a l et te r 

to the  Sen ate Foreign Re lat ion s Comm itte e th at , despite  earl ier 
denials, our  Go vernm ent h ad  in deed spen t $21.6 million  betw een  1967 
and 1972 try ing to create  rai n for pa rts  of South east Asia to inhib it 
mo vem ent  along the Ho Chi Minh  T ra il ;

Th ird , the  agr eem ent  between the Un ite d State s and  the  Sov iet 
Union  at  t he rec en t Moscow summ it to me et la te r thi s y ea r to discuss 
a we ath er warfare ban .

I firs t began inv est iga ting the  mili tary  use of we ath er modific ation 
in Marc h of 1971. As a memb er of the Conse rva tion and Natur al  Re ­
sources Sub com mittee of the  Go vernm ent Opera tions Comm itte e, it 
app eared to me th at thi s co un try  ha d pre cip itou sly  blu ndere d int o a 
mo st unwise use of t echnology  by int rod ucing  w eathe r m odif ica tion  as 
a w eapon of w ar in Ind och ina .

Since th at  time , the  w ea the r modification tech nology  h as  b een  con­
stan tly  imp roving.  In  a 1974 pub lication, a Na tio na l Aca dem y of 
Sciences panel rep ort ed sign ificant prog ress  in the  field and more 
sta tis tic all y valid  evide nce th at  cloud seeding can  increase  preci pit a­
tion  under certa in cond ition s. In  addit ion , the  panel cite d an increase 
in our  abi lity  to un de rst and those conditions  under which cloud seed­
ing will be mo st effective .

Cloud seeding— the  basic  we ath er modifi cati on techniqu e—is also 
beg inning to prese nt an increasing num ber of possibilities:

1. In  addit ion  to the  cre ation  of ra in  or snow, scient ists  are dis­
covering th at  overseed ing can  res ul t in decreas ed preci pit ation .

2. Seed ing which causes cloud expans ion  can  produc e pressure  
chan ges in the  atm osp here below the clouds which can  affect wind 
speed .

3. Seed ing can  also help  to dissipate  fog and chan ge the size of 
hai lstones .

4. In tro du ct ion of po llu tan ts into the  atm osp here through  seed ing 
can  add  to the  a lready  excessive air qu al ity  burd ens  of urba n areas .

Co nti nued p rogress in thi s field seems  in evi tab le.  Th e U.S. Govern­
men t is con tinuing its  r esearch effor ts, and oth er nat ion s, no tab ly  the  
Sov iet Unio n, have un de rta ke n sim ilar  efforts. The scope of the  
Federal  we ath er modification research is ind ica ted  in a pub lication of 
the In terd ep ar tm en ta l Comm itte e for Atm ospher ic Sciences en tit led  
“Na tio na l Atm ospher ic Sciences Program  Fisc al Ye ar 1974.” Th is 
repo rt shows th at , in addit ion  to the Na tio na l Science Fo un da tio n, 
five Federal  De pa rtm en ts have  act ive  programs—Ag ricu lture, Com­
merce, Defense , In ter ior , and  Tr an spor tat ion . The to ta l fun ding fiscal 
ye ar  1974 was ju st  under $20 million, no t includin g classified mili tar y 
spendin g.

Given thi s d evelopin g technologica l po ten tia l, it  is m ost approp ria te 
th at the Un ited State s, the  lead ing Na tio n in we ath er mo difi cat ion  
research,  tak e the  lead  in prop osin g a  t re at y to outlaw  mili tary  ap plic a­
tions of thi s r esea rch.
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D A N G ERS OF W E A T H E R  M O D IF IC A TIO N ---- CONTR OL

Why should we be so a larmed abou t a techniqu e th at  is no t ne arl y as 
let ha l as othe r form s of warfare? Fi rst , the re are di sti nc t con trol  and 
comm and  problems asso ciated wi th geophysical warfare and  weath er 
modif ica tion  in pa rti cu lar . We simply do no t have  effective sh or t or 
long ter m con trol  ove r the  clim ates  of the  world. We can  create  
ce rta in  dis turban ces , but as civi lian  exp erim ents have shown, con trol  
is no t precise. In  a mili tar y environment,  con trol ove r the  result s of 
we ath er experim entat ion  is even  more un ce rta in  in  re spe ct to mili tary  
tar ge ts,  and  the re is pract ica lly  no  h ope of p rev en tin g mili tary  e fforts 
from  spilling ove r in to  c ivili an life with  dev as ta tin g effect, pa rti cu larly  
in  develop ing agricultura l countries. Here, wind changes, rainfa ll 
chan ges,  or even changes in the  com pos ition of rai n could seriously 
di srup t the livel ihoo d of mo st of the  co un try ’s citiz ens and  create  
severe food sup ply  prob lems, all far  di stan t from  the  chosen mili tary  
target.  Th is is pa rt ly  due to the  so-cal led downwind effect, car rying 
we ath er changes  wi th we ath er movem ents. B ut  we ath er unpred ict ­
ab ili ty—enha nce d by  modification efforts them selves—m ay  ma ke it  
impossible to det erm ine  wh ere “d ownwind” will be at  an y given  time. 
Th is means  th at  the  use of we ath er modificat ion  is inev ita bly indis­
criminat e. We cann ot  flood only mili tar y tar ge ts or cause drou gh t in 
are as pro ducing only  mili tary  rat ion s. Th e tech nology  will be used  
again st people regard less  of their  uni form or occupat ion  and will 
inev ita bly str ike  civil ians  h arde r th an  n ea rby mili ta ry  objectives .

Th e command problem  is no less acu te. Since the  techno logy to 
da te  does no t involve grea t expense or sophist ica ted  equ ipm ent, it  is 
no t difficult to imagine  the  use of we ath er mo dif ica tion  by  man y 
dif ferent  mili tar y subunit s. In  fac t, the re have  bee n repo rts  th at  
we have  tra ined  the  South  Vie tnames e to use we ath er modific ation. 
Th ere  are no double-key safing mec han ism s here , no exclus ive pos­
session as wi th nucle ar weapons .

D A N G ERS OF W E A T H E R  M O D IF IC A T IO N ---- ID E N T IF IC A T IO N  AN D D E T E C T IO N

The se issues  of com mand and con trol  hig hli gh t anoth er dis tur bin g 
chara cte ris tic  of we ath er modification,  the  diff icul ty of detec tion. 
Unlike othe r weapons, it  m ay  be possible to in iti ate mili tary  w ea ther 
modif ica tion  proje cts  with ou t bein g detec ted . In  othe r words, the  
mili ta ry  result s ma y no t be vis ibly tied to the  in iti at ing pa rty . Th is 
rais es the  possibil ity  of the  clandest ine  use of geophysica l war fare where 
a co un try  does no t know if it  has bee n att acke d.  Th e un ce rtaint y of 
th is situa tio n, the  fea r of no t kno win g how anoth er  co un try  may  be 
alt eri ng  yo ur  clim ate  is hig hly  des tabi lizing.  This feed ing of na tio na l 
pa ran oia— a perva din g susp icion of the mo tives and act ions of a 
neighb oring co un try —could well be amplified i nto  the  la yin g of b lam e 
for any adverse  clim ate  con ditions  or we ath er disasters  on one ’s 
neighbors.

This was clea rly brou gh t hom e by  the rec en t admissio n of the  De ­
pa rtm en t of D efense th at i t h ad  ind eed  been in volved  in w ea ther m odi­
fica tion  act ivi ties in So utheast Asia from  1967  to 1972 , even at  a time 
whe n Dep ar tm en t witnesses were  den ying such inv olv em ent in their  
cong ressiona l tes tim ony.

40 -9 49 — 74------ 2



In  a J an ua ry  28 , 1974, le tte r to the  S enate  F oreign Re lat ion s Com­mi ttee, form er Defe nse Secre tary La ird  cor rec ted his tes tim ony of Apri l 18, 197 2, in  which he stated , ‘'We have  never engaged in th at  typ e of ac tiv ity  ove r Nor th  Vi etn am .” La ird  admi tte d th at  ju st  such  act ivi ties were  conduc ted  ove r Nor th  V ietn am in 1967 and  1968 . I t  was clea rly one of the  m ost  use less pro gra ms  ever  conceived by the Gover nm ent . The rainm aki ng  effo rt accompl ished no thi ng  exce pt was hing $2 1.6 million down the  drain , and  it  was un de rta ken with no thou gh t as to the  very dan gerous  sit ua tio ns  which could  evolve from  such a policy .

E FF E C T S  OF W E A T H E R  M O D IF IC A T IO N  RESEA R CH

Th ere  is no quest ion  t hat  much  valu abl e rese arch is now be ing done  unde r the  hea ding of weath er modific ation. Ai rpo rt fog dispersa l ope rations , cloud seeding in farm areas threaten ed  by drought, efforts to increase  the  winte r snow pack , and  exp eriments  in hurrican e con­tro l are all le git imate  scientific efforts th at can  meet  im po rtan t domes­tic  and  in ter na tio na l needs . This wor k int o peace ful app lica tions of env ironm ent al mod ifica tion  techno logy should continue. Unfor­tuna te ly , Penta gon inv olvement  in we ath er mod ifica tion  research — wh eth er classified or for peaceful purpo ses—has serious consequences  for the  U.S. civil ian scienti fic com mu nity, the  American public, and  the  i nte rnational com munity .
Geop hysical warfar e, to use  a figure of speech , can poison the  atm osp here surrou nding  leg itim ate  int ern ati onal pro grams such as the  global atm osp her ic research program, the  in ternat iona l hyd ro-  logical decade anti meteoro logy  in general. We hav e alr ead y seen  th at  it  caused the  U.S. delegation a t the  Stockholm  Conference to wa ter  down a recom mendation on clim ate  changes. The po tent ia l for em­barra ssm ent is g rea t.
Our  scientific com mu nity could come under susp icion or at ta ck  at  these in ter na tio na l mee tings . Th e fine work and  trus t bu ilt  up over  the  ye ars by our  excellent atm osp her ic scientis ts could be disp elled in one stro ke of Pe ntagon  exp erimenta tion.
But  it  is no t only our  scient ists  who lose credib ility—i t is the De ­fense Dep ar tm en t itself . Throu gh its  inv olv ement in research which may have  mili tar y applica tion s, even though i t is in ten ded for peace ful purposes , the  Penta gon has  la id itsel f open to allegations  of a va rie ty  of c land estine activitie s.
Two cases will illus tra te the point . Th e Defense Dep ar tm en t engages in conside rable med ical  rese arch, some of which is rel ate d exclus ively  to mili tary  needs, while  some  para llel  rese arch carried  ou t by  civi lian ins tituti ons. The Na vy , for example, has had a re­search un it in Egy pt  stu dying  equator ial  diseases for man y yea rs. By  con duc ting  such researc h “in-ho use ,” so to speak, ins tea d of obtainin g it  through  civili an research agencies, the  Navy’ leav es itse lf open  to charges  th at  it  is ac tua lly  stu dy ing  or deve loping germ warfare or the  like. As unf oun ded  as such  charges ma y be, they  are ve ry difficult to comb at,  espec ially  in the  cu rre nt  clim ate  of suspic ion ab ou t man y Pe nta gon acti viti es. Ye t, the re is no reason why this kin d of rese arch could no t be con duc ted  by  the  civil ian agenc ies of Go vernme nt and  its  res ult s ma de  ava ilab le to the  Defe nse Dep ar t­me nt.  In  cases where Defense req uir ed inform ation on sub jec ts no t cu rre ntl y unde r invest iga tion, it  could  levy req uir em ents on the
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National Science Founda tion which would in turn conduct or contract  
for the needed research, thus reducing the opportunities for con­
troversy to develop, controversy which might itself hamper research, 
especially abroad.

In the area of weather modification, I  have been assured tha t Air 
Force intere st in these techniques is limited to developing methods 
for airfield fog dispersal or suppression and other life-saving measures. 
These techniques are just as important to business and civil aviation 
and the general public, and there is no reason why such research 
cannot be conducted by a civilian agency.

As a general principle, therefore, I would urge tha t wherever an 
adequate scientific base exists for conducting specific types of applied 
research outside of the Departmen t of Defense and associated agencies, 
it would be wise policy to conduct all such research through non­
defense agencies, such as NOAA, NIH , NSF or private  institutions . 
In addition to helping resolve Pentagon credibility problems, such a 
procedure will tend to reduce duplication of effort and may therefore 
produce some cost savings.

Thus, although the subject of this hearing is an international 
trea ty banning the use of weather modification techniques as weapons, 
it is important tha t we go beyond that and deal directly with the 
development of such research within our own Government, so as to 
clearly divorce all weather modification activities from the military  
and leave no doubt tha t American interest in this field is strictly 
peaceful and humani tarian.

CO NC LU SIO N

We learned at the  dawn of the atomic age th at no military  potential 
will long remain in the sole control of one power. I t may be possible, 
for example, tha t as the Soviets develop their computer technology, 
their weather control technology will progress correspondingly. But  
we should not be forced in to this field due to some possible Soviet 
interest and neither should we encourage the U.S.S.R. to increase 
its capability because of our experiments. It  is in the best interest 
of both countries to avoid a technology race tha t could culminate in 
environmental  disasters.

Many authorities  have testified tha t weather modification is a 
Pandora’s box. This is true in more ways than one. We not only do 
not  know how far our technology will take us, bu t we also have no 
idea of what may be the permanent consequences of the experiments 
we have conducted thus far.

There is a growing consensus tha t the time is ripe for an interna­
tional agreement on weather modification. The Firs t Annual Report 
of the National Advisory Committee on Oceans and Atmosphere 
(NACOA) urged the U.S. Government to present a resolution to the 
United Nations General Assembly limiting weather modification 
activities to peaceful purposes. The Third Annual Repor t of NACOA 
expanded on tha t recommendation and suggested t ha t:

We overcome the existing fragmenta tion  of Fede ral R. & D. programs in  weather 
modifica tion by assigning a lead-agency role to NOAA.

Greater  emphasis  be placed on research on the  physics  of cloud form ation  and 
the  science and technology of rainfa ll augmen tation.

Th at legislat ive and  public policy issues governing the  proper use of a new- 
technological capa bility be examined, and  in par ticu lar,  th at  the  Un ited States
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take the initiative in establishing international agreement to insure tha t weather modification efforts be devoted to mutually beneficial programs * * *.
Earlier, the 18th Annual Session of the North  Atlantic Assembly adopted a resolution supporting an international agreement prohibit­

ing military uses of this science. And, as 1 pointed out a t the  beginning 
of my testimony, the recent United States-Soviet agreement to meet on this issue is the latest hopeful sign.

In closing I  should emphasize that  the future potential of weather 
modification is much greater than what we have the power to do now. But  unless we act now to prohibit weather modification warfare and 
to separate w’eather modification research and development from 
military  control, technology will once again outstrip our social st ruc­tures, leaving us open to those flaws of human nature  which have in the past  turned scientific wonders into military nightmares.

Mr. Chairman, I appreciate your making it convenient to have these hearings.
Mr. Fraser. Thank you very much, Mr. Gude.
I think I will hold most of my questions until the question period for other witnesses.
I just  wondered if you had any impressions as to the significance of the request by the Soviet Union to have this m atte r placed on the 

agenda of the General Assembly, and whether tha t is inconsistent 
with the understanding between the United States and Soviet Union to pursue some kind of an effort to deal with this problem.

Air. Gude. I don’t know whether that is inconsistent. It  certainly 
is an opportunity . I think the idea tha t we should go ahead and have 
this mat ter discussed by the General Assembly is good. The technology 
is such tha t we can’t pretend tha t the Soviet Union and the United  
States can have a monopoly on it as in the case of o ther more sophis­
ticated and expensive military techniques, and so I think it is some­
thing tha t would be good to have a debate on, and 1 think a debate 
and discussion on issues where we can come to an agreement such as 
this, we hope with relative ease, will lead to agreements in other  areas.

Mr. Fraser. I think your point is well taken. This is not tech­
nology tha t is limited to just two countries. If the U.S.-Soviet talks 
were to have much meaning, they would have to be in the context of a possible multilateral undertaking a t some point.

Well, thank you very much, Mr. Gude. I appreciate your  statemen t 
and the fact tha t you brought this mat ter before the House and 
before the  committee. And if you would be willing to participate in the questioning, tha t would be very helpful.

I would like to ask our next two witnesses to come forward to the witness table, Admiral Davies and Dr. Weiss.
Will you proceed, sir.

STATEM ENT OE REAR  ADM. THOMAS D. DAV IES,  ASSISTANT D I­
RECTOR FOR NUCLEAR AND ADVANCED WEA PONS TECHNOLOGY,
ARMS CONTROL AND DISARM AMENT AGENCY

Admiral D avies. Thank  you, Mr. Chairman.
I am pleased to appear before you today to testify on the subject of 

arms control and environmental modification, especially the concepts 
and practices known as weather modification, which is the subject of 
House Resolution 329, the focal point of these hearings.
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I would like to sta rt by a brief technological description of the 

machinery tha t is the subject of this discussion, the oceans of ai r and 
water tha t surround the Earth. From the fact of their relative ly 
unchanged existence over the eons, we can conclude tha t they are of 
the nature of a gigantic heat engine, extremely complex, but in all 
likelihood very stable. There are many processes within 'each, in 
which stable balances have been established for millenia. Our knowl­
edge of the details of these systems and their functioning is far from 
complete. For example, even our rather extensiv • weather measure­
ment and forecasting system experiences difficulty in forecasting, 
with a high degree of certainty, what the future action of the atmos­
pheric machine will bring in te rms of weather.

There exists a concept tha t there could be various techniques which 
would shift the atmospheric and environmental balances and produce 
substantia l near-term results, such as causing rain, clearing fog, even 
controlling the force of hurricanes. This concept has acquired a sub­
stantial community of supporters and advocates, as a result of which 
trial efforts have been carried out during the past quar ter century. 
The results of these trials have been almost without exception ambig­
uous. The precision of the basic measurements of the forces observed, 
such as wind, and of course the precision of predicted values, is of 
such low order that many of the apparently affirmative statements of 
results tha t have been made (such as “a 15-pcrcent reduction of wind 
velocity”) represent values the derivation of which exceed the speci­
ficity of the raw measurement data. Thus the results can only be 
judged over an extended period of time.

There are also those who believe that  the long term stabil ity of the 
ocean atmosphere system is rather more fragile and tha t attempts to 
achieve temporary alterations may have more last ing and dangerous 
effects. While the "evidence of actions to date tends to contravene this, 
there could well be effects not yet completely examined or understood 
■which could support this view.

The most promising specific technique to date has been the seeding 
of supercooled clouds to initiate rain. This is usually done by aerial 
distribution of silver iodide or other particles which serve as freezing 
nuclei in the cloud. They trigger the freezing of the water into ice 
particles which liberates heat  and promotes the dynamic processes 
inside the cloud, thereby stimulating the production of snow or rain.

Even this technique suffers from uncertainties. Of course it only 
works on a particu lar type of cloud—“supercooled”—which might 
be described as a cloud “ready to rain” anyway, and since controlled 
and quantified experiments are exceedingly difficult with clouds, the 
occasions on -which the technique doesn’t work go unexplained and 
the question of whether or not the cloud would have nucleated and 
rained shortly anyway goes largely unresolved.

Fog clearing has been the objective of many years of effort and now 
seems to be possible in the case of “cold” fogs, by the utilization of 
a technique similar to tha t I have just described. The reduction of 
wind intensity  in hurricanes by cloud seeding is postulated as a pos­
sibility. It  has been attempted on a few occasions with one claimed 
success. “Hurricane steering,” through seeding certain areas which 
might hopefully reduce the energy in an asymmetric way so th at the 
system might turn, is additionally postula ted as a longer term 
possibility.

i
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The wa r use of these  concepts is mo stly techn olog ical ly the  sam e 
as the peace ful use. Ra in as an inhib ito r of the  passage of troops and 
supp lies is one con cep t and has been  at tempted  in So utheast Asia. 
The at tempt s were  no t sta rtl ing ly  successful.  There  is a the ory th at 
if a hurrican e could  be steered it  migh t be aimed at  an adversa ry.

Tu rn ing  to the  behavior  of the  a tmosp here as a whole, as con tra ste d 
to the  more tra ns ient  pheno mena described abov e, I should po int ou t 
th at  dis tinctions betw een  var iou s asp ect s of the  env ironm ent , such as 
the  we ath er and  clim ate,  are often a m at te r of sem ant ics,  although 
we genera lly conce ive of the  clim ate  to be the  long er ter m average  
ma nif est ati on  of the  atm osp her ic environme nt,  which is cons tituted  
by  those  elem ents  we call the  weath er.  At  this scale, aside  from  the  
in ad ve rte nt  effec ts m an is causing, any at tempt s to mod ify the  E art h ’s 
clim ate , or the  climate of a region, for peacefu l or hos tile  purposes  
are simply  theore tica l.

Sim ilar ly of a theore tica l na tu re  are cap abi lities to dive rt ocean 
curre nt,  cause  tsunam is or tidal waves, trig ger  eart hquakes, or modify  
the  iono sphere  in any large-sca le way.

Given the  theore tica l n atur e of m ost  of  these  act ivi ties , it  is difficult 
to rea list ica lly  discuss the ir po ten tia l mili tary  usefulness . Our lack  of 
knowledge ab ou t them, and, more fundam ental ly,  ab ou t the  environ­
men t itse lf and  the  in ter ac tio n of its var ious com ponents, dicta tes  
cau tion an d pru den ce in proceeding  wi th any m odifica tion  a tte m pt s.  
In  thi s con tex t, it  shou ld be pointed  ou t th at  in Ju ly  1972, and aga in 
in Ja nu ar y 1974, at  Sen ate hea ring s on the  Pell reso lutio ns, which 
were sim ilar  in in tent  to Hou se Res olu tion  329, ad mi nis tra tio n 
witnesses have sta ted th at  the  Un ited State s would no t use clim ate  
modification techniques for hostile purp oses , even  should  such tec h­
niques  come to be deve loped  in the  future .

In  summ ary  the  env ironm ent  can  be said  to be complex, in all 
likelihood very stable , and  far  from to ta lly  und ers too d. Whi le the  
con cep t th at  ma nm ade effor ts can modify  it  has  gained popu lar ity , 
the re are still  mo stly amb iguous  and  uncerta in da ta  to su pp or t such 
a view. How ever, the  poss ibili ties of success hav e been  evalu ate d as 
high  enough to war rant  con tinued  research .

The jo in t stat em en t on environme nta l war fare  signed in Moscow 
on Ju ly  3 by  the Presi dent of t he Un ited State s and  Gen eral  S ecret ary  
Brezh nev  adv oca tes  the  mo st effective mea sures possib le to overcome 
the  dan gers of using environme nta l modifica tion  technique s for 
mi litary  purp oses , and  expresses the  in ten tio n of the  two  cou ntr ies  to 
discuss steps to bring  abou t such  mea sure s. This is a mo st des irab le 
course of acti on. Addit ionally , the  Soviet Union has proposed th at  
the  Un ite d Na tions  General  Assemb ly add ress  this subje ct thi s fall.

While the  jo in t sta temen t refe rs to a bilate ral  meeting to explore 
the  problem and  discuss steps to be tak en  to at ta in  the  sta ted objec­
tives, the  Soviet U.N . proposal , of course, moves this  issue in to  a m ul ti­
lat era l forum, and  adv oca tes  act ion  to pro hib it effort s to influence  the  
env ironm ent  for mi litary  and  othe r purposes “incom pat ible with the  
ma intenance of in ter na tio na l securi ty,  h um an  well-being, and  he al th .” 
Th us  the ir prop osal app ears to bro ade n the  issue subs tan tia lly .

The U.S .S.R . goes on to po int ou t th at  ma ny  nations  are enga ged 
in re search in this a rea  and th at  co nsult ations a nd cooperatio n b etween 
them are necessary  to  insure compliance  w ith an int ern ati onal conv en-
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tion outlawing environmental warfare. From my point of view, it 
certainly seems possible to combine our objectives by extension of 
peaceful cooperation and arms control limitations at the same time.

With your permission, I would like to submit a copy of the joint 
statement  and of the Soviet proposal for the record.

With respect to the course of action urged by H. Res. 329, tha t 
the United States should seek an international agreement banning 
weather modification activities related to the use of such techniques 
as weapons of war, this action would largely overlap the aims of the 
joint statement.

Gentlemen, I will be pleased to respond to your questions on this 
subject.

Mr. Fraser. Thank you very much, Admiral Davies.
Without objection, we will include the joint  sta temen t and the text 

of the Soviet proposal in the record.
[The jo int statement  and the Soviet proposal follows:]

J oint Statement on Environmental  Warfare

The Uni ted States of America and  the Union of Soviet  Socialist Republics:
Desiring to limit  the potenti al danger to man kind  from possible new means of 

warfare;
Taking into consideration th at  scientific and  techn ical advan ces in environ­

mental fields, including climate modification, may open possibilities for using 
environmental modification techniques for mili tary  purposes;

Recognizing th at  such use could have  widespread, long-las ting, and  severe 
effects harmful to human welfare;

Recognizing also th at  proper utili zatio n of scientific and  technical advances  
could improve the  in ter-relationship of man and  n at ur e;

1. Advocate the  most  effective measures possible to overcome the  dangers of 
the  use of env ironm ental  modification techn iques  for mili tary  purposes.

2. Have decided to hold a meeting  of Uni ted Sta tes  and  Soviet represen tatives 
this  y ear for the purpose of exploring  th is problem.

3. Have decided to discuss also what step s mig ht be taken to bring abo ut the  
measures referred to in paragraph 1.

Mosc ow , J uly 3, 1974.
For the  United States of America: For the  Union of Soviet Socialist

The President of the  Uni ted States Republics: 
of America. General Secretary  of the  Cent ral

Committee of the CPSU.

August 7, 1974, L etter F rom USSR M inist er of F oreign Affairs A. Gromyko 
to the Secretary General of the U nited Nations

The Soviet Government proposes the  inclusion of the  agenda of the  twenty- 
nin th session of the  Uni ted Nations General  Assembly of the  following item  as 
an important and urgent  m att er:  “Prohibitio n of ac tion  to  influence the  envi ron­
men t and climate for mil itary and other purposes incom patib le with  the  main ­
tenan ce of in tern atio nal  securi ty, human well-being and health.”

The twenth -ninth  session of the United Nat ions General  Assembly is opening 
at  a time when, as a resu lt of the  efforts of all progress ive and peace-loving forces, 
considerable progress is being m ade on th e interna tional  scene towards improv ing 
the politica l climate, and the  policy of detente  is receiving increas ing suppor t. In 
the practice of in tern atio nal  relations between  st ate s with different social sys tems 
such basic norms of int er- sta te relat ions as respe ct for independence and sov­
ereignty, equality , terr itoria l integrity, abs tent ion f rom the  use of threa t of force, 
and nonin terference in domestic affairs are becoming even more widely and 
firmly established, detente has played  a decisive pa rt in the  tren d towards  the 
political  sett lem ent  of conflict situations in many parts  of the  world. Active 
negotiations are being held on a  number of complex inte rna tional  p roblems.

Recen t years have  seen the  conclusion and  entry into  force of such major  inte r­
natio nal agreements  limit ing the  scale of the  arms race as the  Moscow Treaty 
banning nuclear weapons tests  in the  atmosphere, in outer space and under water ,
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the Trea ty on the Non-Proliferation of Nuclear Weapons, and others. Wide 
international recognition has been accorded to the Convention on Prohibition of 
the Development, Production and Stockpiling of Bacteriological (Biological) and 
Toxin Weapons and on their Destruction, signed by  more than 100 states.

The agreement between the Soviet Union and the United States on the preven­
tion of nuclear war, strategic arms limitation and the limitation of underground 
nuclear tests constitute an important contribution to the strengthening of peace 
and control of the arms race.

Other concrete measures for the limitation of armaments including measures 
for the reduction of armed forces and armaments in Central Europe, are being 
activ ely discussed.

However it has not yet proved possible to stop the arms race completely. States 
are still spending vast  sums on the improvement of weapons and on stocking their 
military arsenals. There is a real danger that the achievement of science and 
technology will be used to create new types of weapons of mass destruction and to 
devise new means of waging war.

In the opinion of the Soviet  Government, present-day conditions require that 
the activities of the United  Nations should concentrate on the study  of ways and 
means to consolidate and expand the positive processes taking place in the world 
of today, to back up political detente b y military detente and achieve new con­
crete results in the field of the limitation of the arms race and disarmament.

The Soviet Union believes th at an important step in this direction would be the 
prohibition of action to influence the environment and climate for military and 
other purposes incompatible with the maintenance of international security, 
human well-being and health.

For many centuries mankind has been seeking to discover how to influence 
natural elements in a positive way, and mitigate the deleterious effects of natural 
disaster. At present, with this end in view, many states are carrying out scientific 
research and practical work in an attempt, for example, to create artificial rain, 
disperse clouds, etc. Activities in this field, pursuing peaceful and constructive 
ends, should, of course, be encouraged and welcomed in every way. However, the 
results of this research could also be used for destructive military purposes, and 
thus present an extreme danger to world peace, and to human well-being and 
health.

It is urgently necessary to draw up and conclude an international convention to 
outlaw action to influence the environment for military purposes. Compliance with 
the provisions of such a convention could be ensured by the adoption by each state, 
in accordance with its constitutional procedures, of measures to prohibit activities  
contrary  to the convention and also by means of consultations and co-operation 
between states, inter alia within the framework of the United Nations. The con­
clusion of such a convention would be not  only a measure to limit the scope of the 
arms race but also an important means of preserving the environment. All states 
of the world without  exception, and all peoples, would stand to gain from the im­
plementation of this measure.

Needless to say, such an agreement should on no account restrict scientific 
research and practical work on the alteration of natural conditions to meet the 
peaceful needs of states for the benefit of mankind.

The adoption by the General Assembly of a resolution approving the idea of 
concluding a broad agreement on the prohibition of action to influence the environ­
ment and climate for military and other purposes incompatible with the main­
tenance of international security, human well-being and health, and the prepara­
tion of a draft international agreement on the subject, would certainly be in the 
interest of strengthening peace and make a substantial contribution to the cause of 
preserving mankind from the danger of the use of new means of waging war, and 
also serve the interests of limiting the arms race and of disarmament.

I should be grateful, sir, if you would consider this letter an explanatory memo­
randum pursuant to Rule 20 of the Rules of Procedure of the United Nations 
General Assembly and issue it as an official document of the United Nations 
General Assembly.

Mr.  F ras er. We will withho ld quest ion s until we hav e heard  from 
our nex t witness, Dr.  Ed ith  Brown Weiss from Brookings.
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STATEMENT OF DR. EDIT H BROWN WEISS,  BROOKINGS 
INSTITUTION

Mrs. W eiss . Th an k you , Mr . Ch airma n, for the  op po rtu ni ty  to 
tes tify tod ay.  I ’d like to ju st  h igh light the  wr itt en  st at em en t whi ch I 
hav e su bm itted  to the com mit tee .

Mr. F raser. All right.  Yo ur full stat em en t will appear in the  record .
Mrs . Weiss . Mr . Ch airma n, we face a new7 danger— th at  of we ath er 

wars.  Ove r 60 cou ntri es have  alr ead y used  we ath er modification for 
peace ful purposes. The danger is th at st at es  will use techniqu es of 
■weather and clim ate mod ifica tion  as weapons of w7ar again st e ach  other. 
This ma y cause irrevers ible  chan ges in  weath er and climate pa tte rn s.  
I t  will lead  people to sus pec t th at  ba d we ath er con dit ions are no t 
na tu ra lly  caused. I t  will endan ger  peac eful  in ter na tio na l meteorolog ical  
program s, such  as th at  for weath er fore casting . In  brief , it  will tu rn  
the  globa l weath er sys tem in to  a highly  con ten tious poli tica l are na.

Mr. Chairma n, we need  a ba n on the  fu tur e use of we ath er and 
clim ate  mod ifica tion  for hos tile  purposes. Th e Un ite d Sta tes -Sov iet  
sta temen t of last  Ju ly  on the  use of env ironm ent al modifi cati on for  
mili tary  purpo ses is a u seful  ini tia tiv e. But  we need to be careful th at 
we do no t end up with a pa rti al agreeme nt wi th the  Soviets w hich 
bans the  technique s ne ith er side was pla nning  to use and legit imizes 
the  use in war fare  of the  we ath er modificat ion  technique s th at  are 
more  nearly rea dy  fo r use.

The Ju ly  s ta temen t called for “ the  mo st effective measu res  possib le 
to overcome the  dan gers  of the  use of env ironm ental modif ica tion  
techniqu es for mili tar y purpo ses ” and  ind ica ted  th at  U.S. and  Sovie t 
repiesen tat ives  would  me et t o di scuss the p roblem furth er.  We urg en tly  
need to ind ica te wh at these effect ive measu res  would  be and  to ge t 
agreem ent  to such mea sure s no t only betw een  the  Un ited States  and 
the U.S.S .R.  but betw een all sta tes .

We also need to recognize the  lim its  of t he sta temen t. The s ta te m en t 
calls only for the  “m ost  effect ive measu res  possib le to overcom e the 
dan gers of the  use of env ironm ent al modificat ion  technique s for mil i­
ta ry  purpo ses .” This implicit ly suggests th at  it  is poss ible  to use 
tech niques  of env ironm ental modifi cat ion  for mili tary  purpo ses  in 
acceptable  ways. The problem  is th at  the  st at em en t exp lici tly refe rs 
to clim ate  modification in the  text  and  no t to we ath er modif ica tion  
which is the  more  im minent problem . I t  is lef t amb iguous  in  the  
stat em en t wh eth er the  use of we ath er modification technique s rais es 
“dangers” which need  to be overcome.

My tes tim ony today is directed  to the  reason s why we sho uld  try  
to proh ibi t the  use of w'eather and  climate modif ica tion  for  hos tile  
purp oses  and  to the  mea sure s we migh t in itiate to manag e the  dev el­
opme nt of the  tech nolo gy for peaceful  purp oses . A signif icant ste p 
would be a com preh ensive m ul til ate ra l ban  on the  use of  tne techno logy 
for hostile  purposes .

There  are a n um ber of reasons to forgo using we ath er mo dif ica tion  
for host ile purposes .

40 -9 49—74------ 3
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1. The  techniq ues are still unpredictable in their effects. Either  
individuall y or together they could trigger irreversible changes in 
weather and climate, which  no stat e could control. Hostile uses are 
more like ly than other  uses to get  out of control , because  decisions 
will be made on the basis of milita ry exigencies, with  prob ably  litt le 
regard for environmental considerations.

2. W eather modification in war, and even more so cl imate modifica­
tion, ma y affect the weather of nearby  neutral states,  which would 
widen and inten sify  the conflict. States doing the modification may be 
unable  to convince downwind neighbors tha t any  bad weather condi­
tions are in fac t due to natural fluctu ations, and not to their activ ities .

3. In many circumstances the use of weather modification techniques 
as a weapon would imp licit ly involve an attack on civilians and their 
facili ties, which would violate international law.

4. A ccep ting  weather modification techniques as legitimate weapons 
would further undermine the already sha ky distinction between con­
vent ional and uncon ventio nal means of warfare. It  would legitim ize 
techniques of environmental modif ication as weapons of war. Thi s is 
particu larly undesirable in a world which  is becoming increasing ly 
vulnerable to unconvent ional  means of warfare.

5. One of the m ost important reasons for banning  hostile  uses is that  
even the chance tha t states would use these techniques in this wa y 
casts suspicion on the development and use of the technology for 
peaceful purposes. Even more imp orta ntly , it  can endanger the 
internatio nal cooperative programs we already  have in weather  fore­
casting and atmospheric research. It  can hinder efforts to understand 
and use weather  and climate for the benefi t of mankind.

6. If  one state develops and uses these techniques for hosti le pur­
poses, she invi tes others to do so. There is an internal momentum to 
the development and use of weapons, which  is often  keyed to the per­
ception by  state s tha t others will acquire and use the weapons. A ban 
on the use of these techniques for host ile purposes averts this inte r­
action.

7. Finally , from the point of v iew of  the stat e employing these tech­
niques as weapons of war, there are significant disadvantages. The  
technology  does not appear to offer an effective way to limit  the 
resources of a co untr y w ithout bombing i t. At le ast at the present time 
we cannot  predict precisely or with  certain ty the effects of weather 
modification operations. It is difficult to lim it the effects of the tech­
niques or the areas affected. Since techniq ues of cloud-seeding,  for 
example, are com parativ ely accessible, man y countries  could po­
ten tially use the techniques  as weapons. It  would be difficult to co ntain 
such proliferation.

It  is true tha t if we are to hav e an acceptable arms control agreement 
in the weather  field, we need to be able to detect violations. However,  
it is not important that we detect every viola tion,  of wha teve r kind, 
but  on ly tha t we detect majo r violations of  the agreement. The  abi lity  
to detect the use of these techniques as weapons of w ar will vary  with  
the techniques used. We should be able to detect larger-scale modifi­
cations.  For methods on a smaller scale, detection will be more difficult.
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We need to engage in more research to enhance our abilit y to detect 
these operations and, a bove all, make  the results of this research openly 
avai lable  on a global basis.

In any measures which we initiate, the pyschological perception 
that  other states do not intend to use the technology as a weapon is 
important. Thi s is particularly  true where the perception of wheth er 
a state  has caused bad weather can be more important than the sci­
entific  assessment.

A ban on hostile pruposes will be one step in giving this assurance 
to states. A necessary corol lary will be arrangements which  regulate 
the peaceful uses of weather modificat ion. Esse ntia lly we need to 
reduce  the chance tha t state s could use the techniques cov ert ly 
against other state s and the fear tha t others had done so. This re­
quires a continuation and expansion of intern ational programs for 
monitoring atmospheric and oceanic conditions, for forecasting 
weather, and for conducting atmospheric and oceanic research. It  
also suggests the need to initia te periodic internationa l appraisals of 
the state  of development of weather and climate modification tech­
nology and to ensure that all state s have  access to this information.

In addition to greater international efforts to improve our under­
standing of weath er and climate,  we need to begin to develop new 
rules and procedures to implem ent the principles of the Declaration 
of the United Natio ns Conference on the Human Environ men t and 
the recommendations of this Conference.

Specifically , it is essential to develop principles of advance notifica­
tion, open dissemination of information, and consultation between 
states, in conduc ting any weather modification experiments and opera­
tions which could have effects outside national borders. Large-scale  
experiments and projects which could have a significant effect  on 
weath er or climate  should be prohibited in the absence of approval 
from the intern ational community.  In many cases compensation for 
any damage which ma y occur to neighboring state s from weather or 
climate modification programs will either be impossible to provide or 
inadequate. For  this reason, we should give  priority  to developing  
procedures for ensuring that the interest of all affected states are 
taken into consideration before the activ ity  takes place. Since all 
states  share a common global climatic syste m and common weather  
systems, it is in everyone’s interest to join in arrangements insuring 
an orderly  development and use of techniques for changin g weather  
and climate conditions.

Unfortu nately,  weather modification is only one of several potential 
techniques for modifying  the environment which have  at least  been 
mentioned as future weapons. We need to view the development and 
use of weath er and climate modification techniques for hostile pur­
poses as but  a first step in the potential development of new and 
unconventional environmental weapons, which threaten the environ­
mental integr ity  of our planet Ear th.

I view the resolution now before the committee, which focuses on 
prohibiting  weather  modification as a weapon of war, as a useful step 
in beginning to control environmental weapons in the future.

Thank  you.
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[Prepa red  stat em en t of Dr . Weiss follows:]
P r e p a r e d  St a te m e n t  of D r . E d it h  B ro w n  W e is s *

WEATHER WARS ARE COMING?

Mr. Chairman, in the coming decades the United States and the international 
community could face a great threat from the use of techniques for changing 
weather and climate as weapons of war. If we are to avoid this, it is important to 
begin now to prohibit this use and to channel research and development in weather 
and climate to peaceful purposes. Our scientific understanding of weather and 
climate patterns is still relatively primitive, which makes it hard to distinguish 
artificial changes from naturally occurring ones. However, our perception of what 
changes man’s intervention has caused are often more important than the facts. 
If we let techniques for modifying weather and climate be used as weapons of war, 
it will turn the global weather systems into a highly contentious political arena. 
It will make i t more difficult for people to regard bad weather and climate condi­
tions as naturally induced. It can hinder the application for peaceful purposes of 
any techniques developed to modify weather conditions.

Ironically we have begun to recognize the danger of those techniques which are 
least developed— techniques for climate modification. In testimony before the 
Senate, a representative of the State Department indicated that the U.S. would 
not use climate modification for hositle purposes. However, techniques of weather 
modification, such as cloud-seeding, are much nearer being effective. The Depart­
ment of Defense has finally admitted that it indeed already used cloud-seeding 
techniques extensively during the Viet Nam War, although public scrutiny quickly 
disclosed claims of dubious scientific validity  regarding their effectiveness. Yet  
despite the fact that cloud-seeding techniques have been used in military operations, 
the United States Government has still not taken any policy position on the use of 
these techniques as weapons of war. I view the resolution now before the Com­
mittee on Foreign Affairs, which focuses on prohibiting weather modification ac­
tiv ity  as a weapon of war, as a useful first step in filling this gap.

On July 3, 1974, the U.S. and the U.S .S.R . issued a jo int statement on the use 
of environmental modification for military purposes, which expressly referred to 
climate modification. The statement called for “ the most effective measures pos­
sible to overcome the dangers of the use of environmental modification techniques 
for military purposes” and indicated that  U.S. and Soviet representatives would 
meet to discuss the problem further.* 1 This statement is certainly a commendable 
first step, but future discussions are urgently needed to indicate what these effec­
tive measures would be and to get agreement to such measures not only between 
the U.S. and the U.S .S.R . but between all states.

It is also important to recognize the limitations of the Statement. The State­
ment calls only for the “most effective measures possible to overcome the dangers 
of the use of environmental modification techniques for military purposes.” This 
implicitly suggests th at it is possible to use techniques of environmental modifica­
tion for military purposes in acceptable ways. The explicit reference to climate 
modification, and not to weather modification, which is the more imminent prob­
lem, suggests some uncertainty as to whether any future agreement would cover 
techniques for modifying weather. I t is left ambiguous whether the use of weather 
modification techniques raises “dangers”  which need to be overcome. We need to 
guard against a “partial” U.S./Soviet  arms control agreement on environmental 
modification which has the effect of legitimizing the use in warfare of some tech­
niques for modifying weather.

My testimony today is directed to the reasons why we should try to prohibit the 
use of weather and climate modification for hostile purposes and to the measures 
we might initiate to manage the development of the technology for peaceful pur­
poses. There are a number of possible initiatives for controlling the use of weather 
and climate modification techniques as weapons of war. These range from an agree­
ment between the U.S. and U.S .S.R., a U.N. General Assembly Resolution calling 
for a ban on the use of these techniques for hostile purposes, followed by an agree­
ment implementing the resolution. Institutional arrangements for controlling the 
use of these techniques as weapons of war while facilitating peaceful uses, perhaps 
analogous to the IA EA  arrangements.

A significant step would be a comprehensive multilateral ban on the use of the 
technology for hostile purposes.

*The views expressed are those of the  au thor only.1 The tex t of the Statement on the Environm ent appears In The New York  Times.  J uly  4, 1974, p. 2, col. 8.
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There are a number of reasons to  forego using weather modification for hostile 
purposes.

1. The techniques are still unpredictable in their effects. Either individually or 
in the aggregate, they could trigger irreversible changes in weather and climate, 
which no state could control. Hostile uses are more likely  than other uses to get out 
of control, because decisions will be made on the basis of military  exigencies, with 
probably li ttle regard for environmental considerations. If several states resort to 
these techniques in war, they could together provoke unanticipated changes 
adverse to many states.

2. Weather modification in war, and even more so climate modification, may 
affect the weather of nearby neutral states, which would widen and intensify the 
conflict. States doing the modification may be unable to convince downwind 
neighbors that any bad weather conditions are in fact due to natural fluctuations, 
and not to their activities.

3. In many circumstances the use of weather modification techniques as a 
weapon would implicit ly involve an attack on civilians and their facilities. Judge 
Lauterpacht has described as an “absolute rule of law”  the prohibition against 
making civilians an “ avowed or obvious object of attack .” 2

4. Accepting weather modification techniques as legitimate weapons would 
further undermine the already shaky distinction between conventional and un­
conventional means of warfare and would legitimize techniques of environmental 
modification as weapons of war. This is particularly undesirable in a world which 
is becoming increasingly vulnerable to unconventional means of warfare.

5. One of the most important reasons for banning the use of weather and climate 
modification techniques for hostile purposes is that even the chance that states 
would use these techniques in such a way casts suspicion on the development and 
use of the technology for peaceful purposes. It can endanger the international 
cooperative programs which now exist in weather forecasting and atmospheric 
research, and thus hinder efforts to understand and use weather and climate for 
the benefit of mankind.

6. If one state develops and uses these techniques for hostile purposes, she 
invites others to do so. There is an internal momentum to the development and 
use of weapons, which is often keyed to the perception by states  t hat  others will 
acquire and use the weapons. A ban on the use of these techniques for hostile 
purposes averts this interaction.

7. Finally, from the point of view of the state employing these techniques as 
weapons of war, there are significant disadvantages. The technology does not 
appear to offer an effective way to lim it the resources of a country without bomb­
ing it. At least at the present time we cannot predict precisely or with certainty 
the effects of weather modification operations. The various techniques are only 
useful under certain meteorological conditions, which occur only at certain times 
of the year and only in certain regions. None of these variables are under the 
control of states relying upon weather modification technology as a weapon. It 
is difficult to limit the effects of the techniques or the areas affected. Since tech­
niques of cloud-seeding, for example, are comparatively inexpensive and acces­
sible, many countries could potentia lly use the techniques as weapons. It  would 
be difficult to contain such proliferation.

In drafting an agreement prohibiting the use of weather and climate modifica­
tion techniques as weapons of war, we can anticipate certain problems, which are 
analogous to ones that  have arisen in efforts to control chemical and biological 
weapons. The first is whether such a  ban should extend to the use of fog dispersal 
techniques in warfare. The analogy can be drawn between fog dispersal techniques 
and tear gas. In the latter  case, a primary argument against distinguishing tear 
gas from other gases has been that by sanctioning the use of tear gas we may be 
opening a Pandora’s box to the use of other chemical agents. By  analogy, the use 
of fog dispersal in warfare, which in some cases involves techniques essentially 
similar to those for cloud-seeding operations, invites escalation to other forms of 
weather modification. Indeed the justification given by the Executive Branch for 
excepting tear gas from the Geneva Protocol of 1925, namely tha t it  was commonly 
used domestically throughout the world to control riots, applies to cloud-seeding 
techniques, which may also be used to dampen domestic riots. A more effective 
approach would be to prohibit all applications of weather and climate modifica­
tion techniques for hostile purposes, and if an exception is deemed necessary, to 
very  carefully limit it to the dispersal of fog to facilitate landings on one’s own

2 La uterpa ch t, “The Problem of the  Revision  of the Law of War, ” BRIT , 'Y.B .I.L ., Vol. 29 
(1952) . pp. 360-69 .



or an allied airfield or ship. This approach would ban,  for example, the use of fog  
dispersal to fac ilit ate  the  effectiveness of other weapons.

An agreement prohibiting weather  and climate modif ication  techniques  as 
weapons of war should  cover all hostile uses, whe ther  covert or over t, whether  
large  or small  in scale, whether  in activ e com bat  or in a slow program of sub­
versio n. It  should  explicit ly cover the use of these techniques  to undermine or 
destroy the  economies of other  state s. The lat ter  is importa nt in snaping percep­
tions  abo ut the inten tions of other  states and the appl ications of any  techn iques 
deve loped to change the  weather.

We also need to consider hav ing  the agreemen t cove r the use of weather  modi­
fication  techniques d ome stically  for hostile purposes, as for civil wars, secessionist 
movemen ts, or riots. Traditio nally such matters  have been regarded as ones of 
domestic  jurisdiction. However , weather  system s are obliv ious to poli tica l bound­
aries. Tnis  makes  the issue acute between states wit h narrow terr itor ial limits. 
The problem  is tha t these techniques  are likely  to  be used under conditions mak ing 
it difficult to ensure that  there would be no effects on the weather  beyond the 
sta te ’s own borders. More  pressing goals of hampering the enem y would be likely  
to overcome any checks which might normally operate  to protect  the int egrity of 
the weather  syste m. Thu s extending a ban to the use cf  these techniques domes­
tically for hostile purposes may be the only  viab le approach.

If we are to have an acce ptab le arms control agreement in the weather  field, 
we need to  be able  to  detect viola tions. How ever , it is not importa nt tha t we 
detect every  v iolation , of wha tever kind,  bu t onl y th at  we dete ct major vio lati ons  
of the agreement. The ab ili ty  to detect the use of these techniques as weapons of 
war  will va ry  with  the techn iques used. We shou ld be able to dete ct large r-scale 
modifications by  using satelli te photography, ground observations, and modeling 
techniques. For metho ds on a smaller scale, dete ction  will be more difficult. We 
need to engage in more research to enhance our ab ili ty  to dete ct smaller-scale 
operat ions and, abo ve all, make the results of this research openly ava ilab le on a 
global basis.

In any  measures which  are init iated, the psycholo gica l percep tion that other 
states do not  intend to  use the  tech nology  as a weapo n is important. The  agree­
ment  reached betw een the United  Sta tes  and the Sov iet  Union on avert ing  
nuclea r war, as part of the SA L T -I  agreements , is im por tan t for the psyc holo gica l 
assurance that it provides against the use of nuclear weapons. Partic ularly  where 
the perception of whet her a state has cause d bad weather  can be more important 
than  the scientific assessment, we need to develop  effective measures to give  
assurance to states  that the tech nology will onl y be used for peaceful purposes.

An agreemen t proh ibiting the use of weather  and climate modification tech­
niques for hostile purposes will only be one step in giv ing  this assurance to states. 
A necessary  corollary will be arran gements which regu late  the peaceful uses of 
weather modification. Essentially we need to reduce the chance tha t states could  
use the techn iques covertly against  other states and the fear  tha t others had done 
so. This  requires a cont inua tion and expansion of inter national  programs for  
monitoring atmospheric and oceanic conditions,  for  forecast ing weather, and for 
cond ucting atmospheric and oceanic  research. It also suggests the need to initiate 
periodic internat ional appr aisals of the sta te of developme nt of weather  and 
climate modification tech nology  and to ensure that  all states hav e access to in­
formation  on weather  and climate and on techn iques developed for mod ifying it. 
An internat ional reg istr y of all exper iments and programs designed to modify 
weather  or climate should, if respected, minim ize suspicion between states.

In addition  to grea ter inter national  efforts  to improve  our unde rstan ding of 
weather  and climate, we need to begin to develop new rules and procedures to 
implem ent principles 21 and 22 of the Dec laration  of the Unit ed Nations Con­
ference on the Human Env iron men t and recommendation 70 of this Con fere nce?

s These provide as follows:
Principle 21.—“States  have , in  accordance with the  C har ter of th e United Nations and the pr inciple of international law, the  sovereign right to exploit the ir own resources pur suant to thei r own envir on­mental policies, and the  respons ibility to ensure th at  activ ities within  thei r jur isdic tion or control do not cause damage to  the env iron ment of othe r state s or of areas beyond  the limi ts of national  juris dict ion.”
Principle £?.—“States shall co-operate to develop furth er the  inte rnational law regarding liab ility  and compensation for th e victims of pol lution  and other envi ronm ental damage caused by act ivit ies within  th e jur isdict ion or control of such States  to  areas beyond the ir jur isdiction.”
Recommendation 70.—“It  is recommended th at  Gove rnment be mindfu l of activ ities in which there  is an  appreciab le ri sk of effects on c limate, and to this  end;
“ (a) Carefully  evaluate  the  likelihood and magnitude of climate effects and di ssemina te the ir findings to the  maximum ex tent  feasible before embarking on  such act ivities ;
“ (b) Consult fully other intere sted States when activ ities carry ing a risk of such effects are being contemplated or imp lemented.”
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Specifically, it is essential to begin to develop principles of advance notification, open dissemination of information, and consultation between states, as guidelines for conducting any weather modification experiments and operations which could have effects outside national borders. Large-scale experiments and projects which could have a significant effect on weather or climate should be prohibited in the absence of approval from the international community. In many cases compen­sation for any damage which may occur to neighboring states fiom weather or climate modification programs will either be impossible to provide or inadequate. For this reason, we should give priority  to developing procedures for ensuring that  the interest of all affected states are taken into consideration before the activity  takes place. All states share a common global climatic system and com­mon weather systems. Hence it is in everyone’s interest to join in arrangements insuring an orderly development and use of techniques for changing weather and 
climate conditions.

There is a growing awareness of the problem of using weather and climate modification techniques as weapons, which could help stimulate policy initiatives. The international environmental movement and the international scientific community have been in the forefront in voicing  this concern. Nationally, atmos­pheric scientists together with other scientists and environmentalists have been urging the dedication of weather modification techniques to peaceful purposes, and their prohibition for hostile purposes. In 1972, the Sierra Club and the Federation of American Scientists jointly wrote to the President urging him to announce that the United States would seek an agreement banning the military  uses of weather modification. The National Academy of Sciences has called for dedicating the technology to peaceful purposes. The president of the American Meteorological Society has testified before the Senate in favor of prohibiting mili tary  uses of weather modification.
Internationally, scientists and environmentalists have also expressed concern about the budding technology. At the Pugwash Conference on Science and World Affairs in Oxford in September 1972, a Soviet and an American scientist jointly proposed an international tre aty prohibiting the military use of weather modifica­tion. There have been informal bilateral talks between U.S. scientists and Soviet counterparts about arms control initiatives  in weather modification. The Stock­holm Conference on the Human Environment in 1972, while not explicit ly con­cerned with this issue, did urge all governments “ to be mindful of activities in which there is an appreciable risk of effects on climate.”  The United Nations Environmental Program has expressed continuing interest in the field of weather and climate modification. What is needed is an international initiative which could serve as a catalyst for a national decision to forego developing and using weather modification as a weapon. The talks scheduled between U.S. and Soviet representatives later in this year could be a step in this direction.
Unfortunately, weather modification is only one of several potential techniques for modifying the environment which have at  least been mentioned as future weap­ons. We need to view the development and use of weather and climate modifica­tion techniques for hostile purposes as but a first step in the potential development of new and unconventional environmental weapons, which threaten the environ­mental integri ty of our planet Earth.
Mr. Fraser. Thank  you very much, Dr. Weiss.
We will take about an 8-minute iecess now to answer the vote on the  floor, and then we will be back.
[A recess was taken from 2:53 p.m. to 3:15 p.m.]
Mr. F raser. The subcommittee will come to order.
We are holding these hearings a t a time when the floor is unusually active. We have another amendment pending over there, so tha t we may be interrupted again soon.
Admiral, in your statemen t you cited the testimony of the executive branch in both the 1972 and 1974 hearings in the Senate, and you referred to the fact tha t tha t testimony, in effect, committed the U.S. Government not to use weather modification-----
Admiral D avies. Climate modification, sir.
Mr. Fraser. Well, perhaps tha t is the first distinction I need to 

pin down.
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I said weather modification, and yon said climate modification. 
Would you enlarge on the significance of the difference?

Admiral D avies. This is a semantic problem, as I  mentioned, sir. 
If there are such things as climate modifications and weather modifica­
tions, the distinction is tha t climate modification is a long term, 
permanent effect; weather modification is a short term, temporary 
effect.

The length of those terms might be weeks or days for the short te rm 
and years and decades for the long term.

Mr. F raser. What do you take to be the significance of the s tate ­
ments tha t the United States  would not  use climate modification 
techniques for hostile purposes? What does tha t mean?

Admiral D avies. Tha t would say tha t in anticipation of some 
techniques being developed, and I think the testimony actually said 
if it were ever developed, t hat  in anticipat ion of that , the executive 
depar tment  was saying they did not intend  to use any such techniques 
as weapons of war.

Mr. Fraser. At the time that testimony was given, was it intended 
then  to differentiate between weather modification techniques and 
climate-changing techniques?

Admiral D avies. I don’t know directly from personal knowledge 
about the witnesses, but  there has been for a number of years in the 
research and development community  tha t sort of differentiation, so I 
would assume t ha t they were making tha t difference.

Mr. Fraser. And through those statements they were no t saying 
anything with reference to modification techniques?

Admiral D avies. Weather modification?
Mr. Fraser. Weather modification.
Admiral Davies. That would be my understanding, sir.
Mr. Fraser. And then you have made the point tha t at the moment 

we don’t think we know how to do climate modification?
Admiral D avies. Tha t is right .
Mr. F raser. So tha t problem at the moment is conjectural?
Admiral D avies. Tha t is right.
Mr. Fraser. With respect to weather modification techniques, 

where do we stand?
Admiral Davies. The weather modification techniques, as I pointed 

out, are fairly conjectural, too, although there is a community of 
people who believe that  they are scientifically sound, possible, and 
even have been achieved.

I think, to give you some idea of the status of them, I might with 
your permission read from the weather and climate modification report 
of the National Academy of Sciences.

Mr. Fraser. But my inquiry didn’t go so much to the efficacy of 
it, but  rather the policy issue, whether it is still the executive branch 
position tha t this is an acceptable option in conducting military opera­
tions. So far as you know, i t is the position of the executive branch 
today tha t weather modification techniques are an option which may 
be pursued under appropriate circumstances?

Admiral Davies. Well, I am no t sure th at the executive department 
has ever taken such a stand except in the obverse. At the summit, as 
you know, in the joint statement, the President, jointly with the 
Soviet Union, said tha t we intended to do something to prohibit the 
use of these techniques as a weapon of war.
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Mr. Fraser. Well, tha t goes to the question of the specific state ­
ment which was made. I think Dr. Weiss made this observation in 
precise language, tha t the joint communique was dealing with the 
“most effective measures possible to overcome the dangers of the use 
of environmental modification techniques for mili tary purposes.”

I assume these communiques are drafted ra ther  carefully and would 
suggest th at we weren’t necessarily looking for ways to eliminate the 
use of environmental modification techniques, but  only dealing with 
some of the dangers tha t might  flow from the ir use. Can you enlighten 
us on that?

Admiral Davies. I  am afraid I can’t add much to tha t, sir. I  have to 
stay  with the words of this communique, and you have stated it 
correctly, tha t you could read it as the fact tha t we are committed 
to overcoming the dangers, and this could conceivably be by some 
immunization process rather than actually limiting them, although 
the second sentence says, “desiring to limit the potential” again 
“danger to mankind.”

There is tha t ambiguity about it.
Mr. F raser. Within the Arms Control Agency is there work under­

way to examine the possibilities of an agreement to outlaw the use of 
environmental modification?

Admiral Davies. Yes, sir, we have been working on this for some 
time in various arenas. We have done papers on it and made recom­
mendations, and it ’s hard to say exactly how events happen in any­
thing like the summit.

But certainly it has been one of our recommendations for some time 
tha t we do move in this direction.

Mr. Fraser. The recommendation of the Arms Control Agency?
Admiral Davies. Yes, sir.
Mr. Fraser. Dr. Weiss, maybe I should ask you first if you have 

any comment on the questions that I have raised with Admiral Davies.
Mrs. Weiss. I think  they have been right  to the point, Mr. Chair­

man. They have pointed out tha t the United States has been willing 
to take a policy position on climate modification techniques which are 
still conjectural, but  the United States has not been willing to take a 
formal policy position on weather modification techniques, which 
are the  more imminent.

Mr. Fraser. You have probably looked carefully at the language of 
the Soviet proposal for placing this matte r on the agenda of the General 
Assembly. Is  their proposal more broadly stated  so t ha t i t would em­
brace weather modification techniques?

Mrs. W eiss. The proposal for the United Nations General As­
sembly appears to be more broadly stated.

Mr. F raser. So tha t, if one is reading these two statem ents care­
fully, it would look as though the Soviet proposal goes further th an the 
joint communique?

Mrs. Weiss. That is correct.
Mr. F raser. I am having some difficulty here figuring out exactly 

where we go from here. Admiral, I don’t want to pu t on you a larger 
responsibility than you are prepared to accept. What is the administra­
tion position on these resolutions? Do you know?

Admiral D avies. On the Soviet resolution?
Mr. F raser. No. The ones t ha t are pending before the committee.
Admiral D avies. Oh, I am sorry. Here?
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Mr. Fraser. Yes.
Admiral D avies. I don’t know the administra tion position on it. 

In  general this matter  is under s tudy within the executive department 
as to how to follow up on the summit communique, and how to re­
spond to the Soviet resolution. There are complications, of course, in 
dealing with any international forum, and it ’s taking time to do it, 
and getting anything done through the ponderous mechanism of the 
U.S. Government is slow, but  we are moving, and I think tha t you 
can look forward to some results here in  the next few months.

Mr. F raser. We are not able to know now whether the U.S. 
Government is prepared to enter into an agreement with other countries 
th at  would ban weather modification techniques in warfare, assuming 
that  the re lated problems of clarification and so on could be resolved.

Admiral D avies. Well, certainly the summit indication is an indi­
cation of a desire to examine the problem with an a ttem pt to move into 
th at  sort of situation,  and if I  can express my personal judgment  on 
the thing, I think this is desirable, and it is my personal judgment tha t we probably will do it.

Now, the exact way and the timing and so on, we will have to let events  work those out.
Mr. Fraser. Do we now, as a mat ter of military  preparedness, 

mainta in weather modification devices in place? For example, onboard our ships?
Admiral Davies. That is a question, sir, tha t I can’t give you an 

up-to-date and positive answer on. From my experience of a year or 
more ago, I would say the answer is no. However, I am out of date  
and i t’s possible we do, bu t I would be surprised if it  were true.

Mr. F raser. The reason I  asked the question is Congressman Aspin 
had made a statement  in the middle of August  in which he charged 
that the Navy was planning to put  weather modification devices 
aboard its ships, and he referred to an item in the military budget, 
what  the Navy called “cold cloud modification,” and he says tha t in 
Navy documents par t of the money requested was to be used for the 
fleet introduction of the basic cold cloud modification subsystem. 
It  goes on to say tha t it would provide an operational capability for 
modification of the  atmospheric environment in which naval opera­tions are conducted.

Do you have a copy of th at statement?
Admiral Davies. Yes, sir, I have.
Mr. Fraser. This is not a mat ter which you are a t the moment----- -
Admiral D avies. Not at the moment, I am no t conversant with it. 

I can say, however, tha t in my previous incarnat ion as the Chief of 
Naval Development I  was aware of this project. Firs t of all, these are 
requests for moneys, and the culmination of any such request would 
be probably 2 years away, so I would estimate  that there is nothing bu t 
paper  anywhere now, and before any fleet introduct ion or anything 
like tha t would transpire, it would have to be reviewed and approved 
by authorities  at a very high level within the Navy and tha t I can’t 
answer as to whether it ’s been done or no t. It  had not as of the end of 1973.

Mr. F raser. Let me ask a question of both of you, if I may.
Assuming that  we took the approaches outlined in the joint com­

munique, which would be to provide a l imit to dangers from the use 
of weather modification techniques or environmental modification
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techniques, l et’s assume tha t it was possible to limit the dangers. Is 
there a valid reason, is it important tha t we outlaw environmental 
modification altogether?

Admiral Davies. Your assumption there is tha t you can limit the 
danger from it?

Mr. Fraser. For example, as in the case of bombing, you set up 
certain guidelines in the international rules of warfare tha t you don’t 
bomb civilian centers. In other words, there  is an inte rnational set of 
standards within which violence is carried on as par t of military 
operations.

Assuming tha t some standards would be developed th at would seek 
to limit some of the unfortunate consequences of weather modifica­
tion, is there any reason inherently that weather environmental 
modifications should be outlawed by  international agreement?

Admiral Davies. The assumptions you have made I think are a flaw 
in the argument. I don’t frankly believe it  is possible to limit danger, 
(A), and (B), i t’s been my opinion th at it ’s so uncertain as to be not 
very useful as a weapon, and how to decide whether or not there is 
any reason no t to limit it  or to limit it  under those circumstances is a 
very difficult hypothetical question.

If you could restric t the damage by some means, we would have to 
think in terms of a possible adversary doing it to us, and if i t were an 
effective weapon, we should worry about that , and we should take 
steps to do everything we could to prevent it.

If i t’s not an effective weapon, then we don’t need to worry about it. 
So I would conclude from tha t, if we were able to res trict it, it would 
not be important to a ttem pt to prohibit it.

Mr. F raser. What you are saying is tha t i t may no t be possible to 
restrict the damage?

Admiral Davies. I am very dubious of any ability to restrict the 
damage from it.

Mr. F raser. Dr. Weiss?
Mrs. Weiss. In looking at this question I think i t is im portant to 

distinguish the use by the military of weather modification techniques 
for essentially civilian purposes, from the use in warfare. I would argue 
that eliminating the  dangers from using these techniques for military 
purposes is tantamount to banning the use of these techniques in 
warfare.

Mr. Fraser. Supposing, for example, tha t there were major mili­
tary  forces assembling in an area and by causing increased rainfall 
you could limit the scope of their operations in some manner. Why 
isn’t th at a legitimate option in the carrying on of hostilities?

Mrs. Weiss. There are several reasons. F irst, we have to view its 
use in a broader context. If one state uses it, she invites others to do 
so, with the result of potent ially great uncertainty in weather condi­
tions. These techniques can affect nearby neutra l areas. They can affect 
civilians and their facilities and noncombatants. It  is difficult, if not  
impossible, to control the effects of these techniques or the areas 
covered by them.

Second, one of the main arguments for banning the use of weather 
modification techniques in warfare is to prevent the weather system 
from essentially becoming a political arena in which people doubt 
whether bad weather conditions are in fact naturally caused.
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The se tec hniqu es can  be  used eit he r covertly  or o vertly . If  we allow 
the m to be used  as acc eptable wea pons in war , then  we only  help  
encourage  the  pe rce ption  th at the  we ath er sys tem  is up for  gra bs to 
use again st those you oppose.

Mr . F raser . So, you are say ing  inhe rent  in thi s poss ible use are 
these problem s?

Mrs. Wei ss . That  is corr ect.
Mr . F raser . So th at  you ca n’t lim it the problem so as to make it  a 

useful option wi thou t brin ging along  all these othe r difficu lties.
Mrs. W ei ss . That  is my  v iew on it.
Mr . F ras er. We have  to recess  aga in. Th ere  is  an othe r vote.
[A recess was tak en  f rom  3:38 p.m. to 3:55 p.m.]
Mr. F raser . The subco mm itte e will come to order.
Admiral  Davies, I un de rst and th at the  AC DA  was no t ke pt  in­

form ed of the  DO D weath er modif ica tion  ac tiv itie s in the 1967 to 
1972 period in So uthe as t Asia. Do you have  any inf orm ation  as to 
why th at  was so?

Ad mi ral  D avies . I have no dir ect inf orma tio n of it  durin g th at 
per iod , sir. I also have th at  underst andin g, but I am no t in any 
pos ition to be ce rta in  of i t, or to kno w why.

Mr . F ras er. D r. Weiss , do y ou h ave any inside  inf orma tio n on tha t?
Mrs. W eiss . An yth ing  I said  would be spe culatio n.
Mr . F ras er. Well, be free to specu late; th at  w on’t be the  f irst  time .
Mrs. W ei ss . I pass .
Mr . F ras er. Mr. Gude.
Mr. Gude. Adm iral  Dav ies,  do you th ink the re are cre dib ilit y 

problem s associated  with the  Pe ntagon  bein g involved in we ath er 
modification researc h and  we ath er modifi cat ion  act ivi ties ?

Admiral D av ies . Well,  sir, th at  would be passing a judg men t in a 
field th at I am no t very expert in. I could  un de rst an d how  some 
peop le c ould feel th at way . I th ink th at the publi cit y th at  has gone on 
in the  las t 6 mon ths  o r so has certa inl y ha d some u nf or tuna te  aspects, 
but I rea lly  am no t the  one to pas s judg men t on the  Pe ntag on ’s 
cre dib ilit y.

Mr . Gud e. Dr . Weiss , there  are some  we ath er modifi cati on ac tiv ­
itie s which we have  discussed which have  a pp lication  to, say , avi ation , 
bo th  commercial  and  mili tary  in peace tim e. Fo r exam ple,  clea ring  
fogs from  airpor t faci litie s. Such ac tiv ities  wou ld merely  pe rm it the  
mili tary  to ca rry  ou t its  usu al peacet ime  act ivi ties?

Do you  see any problem  with the  mili tary  mod ifying weath er in 
thi s con tex t provide d th at  the  techniqu es were developed by  non­
mili tar y agencies?

Mrs . Weiss . I do not.
Mr . Gud e. Bu t you  would feel th at  the re should be surv eillance of 

those typ es of ac tivi t:es? You mentioned the importance of sur­
veillance  if the  tec hniqu es could  be deve loped?

Mrs. Weiss . That  is correct,  Mr . Gud e. We need  to insu re th at  
inform ation ab ou t the  stat e of the  ar t of the  technique s and  inform a­
tion on how one de tec ts the ir use is widely ava ilab le to all. We need 
to have  an open mo nito ring  program to insu re th at  they  are no t used  
cov ert ly for hostile  purposes. With in thes e boun ds, it  wou ld be perm issi ­
ble to use them in the  capacit ies which you  hav e suggested, in pea ce­
time.
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Mr. Gude. No more questions, Mr. Chairman.
Mr. Fraser. H ow effective are the weather modification techniques

now? 1 know, Dr. Weiss, you indicate tha t cloud-seeding techniques, 
for example, apparently are becoming more effective.

Mrs. Weiss. I would correct tha t slightly to say tha t these tech­
niques have been used and tha t they are nearer to becoming effective 
or ready for use than are climate modification techniques or the larger 
scale weather modification techniques.

Mr. F raser. For example—I address this question to either of 
you—is there  much cloud seeding going on today, inside the United States, to tr y to deal with the short fall of rain for agricultural purposes?

Admiral D avies. There are some experiments tha t have been made 
and attem pts made from time-to-time in the United States, and of 
course, in the Philippines, there is an effort of several years back, 
which you are familiar with.

I would say these are very few and far between. They are not multitud inous or anything  like that. Their effectiveness, I guess—I 
don’t have the statistics, but the last  time I  reviewed them, they were 
still ambiguous as to whether we were really achieving anything  or not.

Mr. Fraser. Dr. Weiss.
Mrs. Weiss. My understanding is th at within the United States, 

commercial companies are conducting a number of cloud-seeding 
operations to increase rainfall. This is particula rly true in the West 
and the Midwest.

One company, for example, has conducted cloud-seeding projects 
in much of Oklahoma. It  is also the private entrepreneurs,  who conduct 
many of the cloud-seeding operations abroad,

Over 55 countries at one time have had some effort in cloud seeding.
Mr. F raser. Why, with tha t much cloud seeding, hasn’t there been 

a much firmer baseline established with respect to the effectiveness? 
Why don’t we know more about whether it really works or not?

Mrs. Weiss. First,  many of the operations have not been designed 
and conducted so as to allow for scientific evaluation of the results. 
Second, we have no established way to exchange information on 
what is taking place across the globe. We have no international registry  
of weather modification activities. Weather modification has been done 
largely by private entrepreneurs, by other governments and in some 
cases by the U.S. Government with little coordination between any of 
these.

This is further complicated by the fact tha t wi thin a given country 
different parties may be engaged in weather modification, with little 
coordination between, or, even knowledge of each other’s activities. 
The Ministry of Agriculture may be supporting  weather modification 
projects. University scientists may be conducting scientific experi­
ments. Agricultural cooperatives may hire private entrepreneurs to 
service their own needs.

Mr. Fraser. Admiral, I would suppose, if there were an international 
agreement outlined for limiting weather modification techniques, tha t 
one of the requirements for the successful enforcement of this agree­
ment would be some kind of a monitoring device. In other words, I 
would suppose in order for us to know whether these things were going 
on covertly without  prenotification and without being registered, t ha t 
we would have to have some way of measuring this.
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Ha s the re been any  research  along  thi s line, do you  know?
Adm iral  D avies. Y ou are rig ht  in  the  sense th at  verif icat ion  we use 

as a  p ar t of an arm s control agreem ent  so th at  th e parties are sure  t hat  
it ’s bein g complied  with, and  ver ification in area s like this is ve ry 
difficult. Som etim es the  veri fica tion  prov isions or the  prov ision of 
veri fica tion  is regarded as less impo rtan t wh en it  is de termined  th at  th e 
moti va tio n of anoth er pa rty  to de pa rt from  the  agreem ent  is no t very 
strong.

The ve rific ation in the  area  of we ath er m odif icat ion h as been tho ug ht  
abo ut. There  are some visual way s of observing t hat  exper ime nts  might 
be c arr ied  on if th ey were large-scale. Un fortu na tel y they  can be sm all- 
scale.

In  m y judg me nt  p rob ably the  b es t way of in sur ing  verif icat ion  is to 
work jointl y wi th people  who are in ter es ted  in doing  som eth ing  on a 
peace ful-uses basis.  The research and  dev elopment  done  for peaceful 
uses, if it  were ever successful, could be used in a warlike  use, and so 
you  wo uld be keeping up on w ha t t he poss ibili ties th at  the disc ipline o r 
the  a rt  offered by simply yo ur  peaceful researc h and  deve lop ment;  a nd 
if thi s were done  jointl y wi th othe r nat ion s, the n you  would know 
general ly wha t e ach one of the m were doing . Tha t, I think , is the  bes t 
op po rtu ni ty  for veri ficat ion.

Mr. F raser . S o fa r the  t hin g we seem to hav e focused on, I think , is 
pro bab ly the  use  of cloud seeding to produce m ore rain . A re the re oth er 
env ironm ental mod ifica tion  techniques? I am sta yin g awa y now from 
clim ate m odif icati on. Are the re othe r kinds of t echniques  that  are  in use 
or under act ive  stu dy  of which you are aware?

Adm iral  Dav ies . There  are proposals and specula tions. A few 
thin gs have  been  carr ied a lit tle  fu rth er  than  th at , bu t gen era lly 
speakin g 99 perc en t of it  is cloud seeding and seeding of cold fogs, and 
th at  s or t of thing.

I don’t th ink  the re is an ything  th at anybody has eve r carried  
forward.

As I  say, the re are plen ty  of s pec ula tion s like trigger ing  ea rth qu akes  
and  so for th,  bu t no one has eve r triggered an ea rth qu ake, and even 
the  spe cul ation invo lves  moving the  San  And reas Fa ul t under some 
possible adversa ry and the n trig ger ing  a n earth quake. So t he y are no t 
very reali stic.

Mr.  F ras er . One of you—and I have  for gotten which—refe rred  
pa rti cu lar ly  to ocean envir onme nt as a prob lem, and  I didn ’t fullv  
un de rst an d why th at  was a specia l prob lem.

Mrs . W eiss . More and  more scient ists  are beginning to regard  the  
oceans as an esse ntia l pa rt  of the  clim atic  system, as essent ially the  
storehouse of en ergy for the  clim ate  and  hence  an im po rta nt  inf luence 
in det erm ining clim atic  pa tte rns. The more  you  move  from  the  dai ly 
we ath er con dition of a given hour to clim atic  condi tions, the  more you  
invo lve the  oceans.

Hence, if we are to gain an un de rst andin g of the  cl imatic sys tem  and 
of global atm osp her ic circulation pat te rn s it  is es sential  t hat we under­
sta nd  oceanic circula tion  pa tte rn s and pa rti cu lar ly the  inte rface 
between the oceans and  atmosp here.

The signif icance  of thi s for our purposes  here  is th at the  researc h 
ne twork  and the  sys tem  for ga the rin g and diss eminating  inform ation 
mus t cove r bo th  the  oceans and the  atm osp here. In  parti cu lar , there
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needs to be open dissemination of the data  gathered about the interface 
process between the oceans and the atmosphere.

Mr. Fraser. 1 don’t know if I unders tand your reference to the 
ocean as being energy storage. Oceans, I  gather, are a large source of 
the water vapor tha t is brought up into  the atmosphere. I s tha t what 
is meant by the storage of energy or is there something more than  
that?

Admiral D avies. Well, the ocean is part of this gigantic heat  
engine and it does store energy. It  absorbs i t under one set of condi­
tions; releases it under another. So it  acts as a storage and the atmos­
phere also stores energy, however, and it is what is generally called 
conservative; tha t is, it changes very slowly.

You can get a temperature  change in a mass of a ir flowing over the 
ocean. If  the temperature is 1 degree higher, the heat transfers from 
the air into the water. If the temperature goes 1 degree lower, then 
the heat transfers from the water into the air, and these are the kinds 
of things tha t make this great system so difficult to cope with in  any 
way, even to understand in detail.

There are the ocean currents tha t transpor t energy. The Gulf 
Stream is a tremendous transporter of energy and affects the climate 
of where we are s itting right now and many other places in the world. 
There are vertical currents, deep currents that run in the Indian 
Ocean, there is a set of currents running from the  Antarc tic Sea up into 
the Indian Ocean. Then they come back on the surface and this affects 
the weather because when the warm water is on the surface, you are 
warming air. If cold water is on the surface, you are tak ing energy out 
of the air.

There have been people who—in fact, to this day, there are great 
efforts to build a mathemat ical model of the atmosphere and the 
ocean, and these models even with the greates t computers turn out to 
be to tally inadecpiate to deal with the machine itself on any kind of a 
scale that is interesting.

It  is full of processes going in both directions, the balance of which 
is what we read as temperature or rainfall, or wind, and how these are 
generated, and wha t they do and what they are going to do if we try a 
particular experiment with them, is anybody’s guess.

So I think tha t the ocean is part of this system and i t is an important 
part  of it, and to the degree th at we study the ocean, we contribute to 
our knowledge, but I simply would say that  our knowledge is a pinhead 
compared to wha t we need to know before we can really do much with 
these.

Mr. F raser. In the references earlier to climate changes which are, 
I gather, the long term permanent or nearly permanent alterations , 
what kinds of activities have been examined or hold the prospect of 
introducing those kinds of end results?

Admiral Davies. Well, I can think  of one thing tha t was mentioned 
by Dr. Lukasic of ARPA in his testimony—it was 19 72 .1 have forgot­
ten the date. We will get that.

There was a mathematical model built in a very, very crude sense to 
look at what sort of thing would affect the climate of N orth America, 
and it led to the conclusion tha t altering the Arctic icecap was the 
most effective thing you could do.
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Now, since no one has any idea of how to alter the Arctic icecap, it 
wasn’t a particularly useful outcome, but  that sort of thing has been 
done. I don’t know of any real experiments.

Now, people have taken, of course, measurements. The oceano­
graphic program, of not only the United States but other nations of the 
world, and the jo int one tha t has been run for a number of years, have 
measured all sorts of data  within the ocean itself. We have had buovs 
deployed into both the Atlantic and Pacific th at radio back the condi­
tions at  their location for a number of years now.

But all of this has simply provided us with some faint knowledge 
of what the thing is, but no real detailed ability to do anything to change, it. j &

Mr. Fraser. Dr. Weiss, can you throw any further  light on the 
climate modification problem?

Mrs. Weiss. I would make a political point if I may. Your ques­
tioning has brought out th at we are ta lking about the climatic system, 
which is a strongly interacting process between the air, land, and 
water. It  is impossible to artificially separate one out  and call it the 
climate.

From a political and institutional perspective, it is important to 
recognize its commonality to all states and its physical basis as a 
system involving complicated interactions and feedback mechanisms.

Mr. Fraser. I gather from what you are saying—you have said it  
before, but  ju st to see if 1 have got it right—th at the weather system 
is a part of a total global environment, is a common system which 
doesn’t recognize national boundaries, so we have to trea t it  really as 
an international system that,  among other considerations, adds force 
to the notion tha t we should take it out of the area of use for military 
purposes.

Mrs. Weiss. T hat  is correct.
Mr. Fraser. Apparently you introduce many problems inherently 

tha t spill over national boundaries.
Mrs. Weiss. I think tha t is correct. One of the strongest reasons for 

prohibiting the use of weather and climate modification for hostile 
purposes trigger irreversible changes in the weather and climate 
systems.

Mr. Fraser. Mr. Glide, do you have anything more?
Mr. Gude. Jus t one last question.
To the extent tha t the peaceful activities of man have had a much 

more profound influence on the weather and climate than military 
efforts, 1 would hope tha t this agreement on banning military  activ­
ities will draw atten tion to the much more profound peaceful efforts.

Usually we try to sta rt in areas where agreement is easy. In this 
case we are trying to limit  the use of weather modification for military 
purposes.

You have written a book on this, Dr. Weiss. Are there examples of 
nations trying to use weather modification for militarv  Durooses other then the Vietnam war? J P  1

Mrs. Weiss. I  know of none between states. There is an example of 
where another country tried to use it domestically to combat 
insurgency.

Mr. Gude. Was it successful?
Mrs. Weiss. I have no way of telling.
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Mr. F raser. Where was tha t?
Mrs. Weiss. In Thailand. ,
Mr. Fraser. The Thais tried to use this against the guerrillas in

the northeast.
Mrs. Weiss. I  th ink tha t is correct. . .
Mr. F raser. I  assume they mus t have used U.S. assistance in th a t;  
Mrs. Weiss. I do not know.
Admiral Davies. I have never heard of that . T hat  surprises me.
Mr. F raser. Well, I want to thank bo th of you. . , .
We are now faced with another vote and I apologize for the in­

terrup ted natu re of the hearing, but  it ’s been enormously lielptu 
to us, both  the witnesses’ sta tements and the oral testimony.

We thank you.
With that,"we will adjourn this hearing.
[Whereupon, at 4:20 p.m., the subcommittee adjourned, subject 

to the call of the Chair.]

«





A P P E N D I X

S ta tem en t  Subm it ted  by  J oanne S im pso n , P h . D., P rofe ss or  of
E nvir onm en ta l  S c ie n c e s , U n iv er sit y  of V ir g in ia , C harlo tt es ­
v il l e , V a .

The atmosphere recognizes no national boundaries. The deepening of a storm 
in the Gulf of Alaska can affect the weather over England, by altering the large 
wind systems that  meander in a jet at altitudes of 8 miles or so above the earth.

Weather modification is in its infancy and holds vast  immediate potential to 
benefit man. As a weapon, it is unlikely to be cost-effective in the foreseeable 
future. Weather forecasting, on the other hand, is in its adolescence. Accurate 
forecasts are vita l to the human life and economy of all nations. The rapid strides 
in weather prediction, its very  continuation, are crucially  dependent upon the 
cooperation of all nations, particularly in supplying weather observations to be 
fed into computers to process the advanced prediction models now in use and 
those to come.

In World War II, when I was trained in meteorology, we were taught, as part 
of the war-time emergency, to forecast the weather as best we could using only 
the observations at our own station, assuming tha t the enemy had blocked out 
distant weather observations or their communication to us. This was called 
“single station” forecasting, and at  best, it was not  very  good. Refusal to take and 
transmit weather data is a powerful weapon of warfare, far more damaging to an 
enemy than any weather modification technique that I can envisage may become usable 
in my lifetime.

International cooperation is the lifeblood of meteorology, both in operations, 
modification and in the research th at is vita lly necessary to make these applica­
tions successful. Meteorologists of all nations have had both a necessity and a 
tradition of close collaboration and completely free exchange of data, of ideas, 
and of technology. Continuation of this cooperation and exchange is in the best 
interests of the United States and of every other nation in the world.

I chose meteorology as a profession in large part because of its international 
nature, because by  helping develop atmospheric science I could serve my country, 
not only by  learning how to modify our clouds and precipitation but also by 
playing a small role in cementing international communications and exchanges 
which are so v ital  if peace is to be maintained.

That is the double reason I am so pleased to be here today. I believe the greatest 
contribution that  I could make from the 32 years I have devoted to atmospheric 
science would be to help in any way, however small, to bring about an interna­
tional resolution aimed at  using the atmosphere and oceans for peaceful purposes 
only. This specifically implies an agreement upon the part of all the nations 
involved not to use weather, climate and/or ocean modification as a weapon of 
warfare. In my opinion, to concur to and to keep this agreement would give rise 
to a ve ry large benefit to the United  States and litt le if any loss, even to the mili­
tary arsenal which is already replete with deadly weapons. On the other hand, 
failing to make or to keep such an agreement will surely lead to irreparable harm 
to the interests of the  United States.

I have stronger and better reasons to back this statement  than some of the 
bugbears raised by a few of my fellow scientists. I do not particularly dread 
possible harmful “side effects” of weather modification. Although there could 
possibly be some, their effects on weather are likely  to be small compared to 
natural oscillations in flood and drought, storm tracks and wind patterns. Some 
degree of direct “ poisoning” of the atmosphere, earth, or water bodies is also 
possible, but is not likely to be comparable to the pollutants introduced by 
peacetime living, industry, jet  a ircraft and automobiles.

(31)
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Nor do I fear  that  some Dr. Strangelove  in an enemy natio n is going t o inv ent 
a m achine to  steer hurricanes, hurl to rnado es at  us, dry up our crops with  drought, 
or inun date  our cities with floods. This sort of science fiction often appears in the 
Sun day  supplements,  bu t belongs more proper ly in the  comic pages. Th e atm os­
phere is infinite ly more powerful than  man and infinite ly harder to modify  tha n 
almost everyone, inclu ding many meteorologists, belie ve. Just  for one examp le, 
an ordinary run-of-the-mill mature hurricane releases as much  condensation hea t 
energy through its cloud syste ms in one day as the  n uclea r fusion energy of abo ut 
400 20 megaton  hydro gen bombs. Some people h ave  been nai ve enough to suggest 
try ing  to dissipate a hurricane by  d ropping a hydrogen  bomb in it! The  int ensity  
and tra ck of a hurricane of ten varies  more in a da y all on its  own, than  a ny ch ange 
man might desire to try .

Har d facts on weather  modification are needed for your group to make a decision. 
Wh at is the actual  status  of weather  modification today?  Cou ld any weather  
modification technique now or fo rese eably be used cost-ef fective ly in warfare  and 
if so, what would be the  price of actual  or develop men tal use of it? When I say 
price  I do not mean ju st cost in dollars, bu t the  neg ativ e contribution as a whole, 
to  the natio nal interest.

A paramoun t hard fact about weather  modification is th at  there are toda y 
only about a half-dozen programs over  the whole world  that  hav e con clus ively 
demonstrated  th at  the treatm ent  works. These programs nea rly all inv olve 
cloud seeding wit h silver iodide, or a simila r chemical, to increase prec ipita tion. 
Three types of cloud situation hav e been de monstrated amenable to prec ipitation 
increase by  seeding, when the right circumstances are ve ry  carefully selected 
by  th eory , measurement and comp uter model. Ye ars  o f research and unsuccessfu l 
experime ntation preceded the successful exper iments. The treata ble  cloud con­
ditions to date are as fol lows: First, certa in orographic cloud systems, particu larly 
in the mounta inous regions of the western United  S tate s and in Aus tral ia. Second, 
some winter cyclonic  storm systems, particul arly in Israel, and the west coas t of 
the U nited States.  In both these situations , econ omically  use ful aver age p recipita­
tion increases  of abo ut 10- 50% have been estab lished. The  third  cloud situation 
consists of isolated trop ical  cumulus clouds, where a different principle of silver 
iodide seeding is invo lved . This  is called ‘ 'dyn amic seeding”  because unde r the 
righ t conditions the cloud growth is increased and prolonged. Dev elop ment of 
this approach has been the aspe ct of wea ther modificat ion to which I pers onally 
hav e contributed, particu larly during my gove rnm ent employm ent in NO  A A, 
the Nat iona l Oceanic and Atmosph pnc Adm inistrat ion of the Dep artment of 
Commerce. With isolated tropical  c un ulus  clouds, we hav e shown t hat , under  the 
right conditions, the prec ipita tion from an individ ual  cloud can be increased b y a 
fac tor  of about 2 or 3, that  is t o say, doubled or tripled.  Whethe r or not  dyn amic 
seeding can be used econ omically  to increase the  prec ipitation over a sizea ble 
area  is stil l in the  early stage s of investigat ion  and is unlike ly to be estab lished 
before 3 to 5 yea rs from now at best

All these modification techniques  require not onl y pre-existing clouds, bu t also 
tha t some portions of these  clouds must contain droplets which  are cooled below 
the freezing tempera ture  (namely supercooled) for silver iodide to work. In 
increasing prec ipita tion by  other  techniques than silver iodide, which  might work 
on clouds not  large enough to be supercoo led, some progress has been made in 
accelerat ing or increasing precipita tion by  means of hygroscopic substances such 
as common salt  or the fert ilize r urea. Thes e meth ods are still in the exper imental 
stage, altho ugh encouraging progress is reported in the Dak otas program. At  
present, and in the foreseeable future, there is no re liable  method to  c reate  sizeable  
clouds out of a clear sky , except under  rare conditions, or with  great  expenditu re 
and/or when nature is on the verge of making a cloud any way.

Increasin g prec ipita tion by 10- 20%  over a whole area  over an entire season is 
thus possible under restr icted  conditions, bu t causing delibe rate prec ipitation on 
a limited target  at a strate gically  desired time  is a horse of a ve ry  different color. 
On rare occasions, tar get tin g ma y be success fully  achieved, when suita ble clouds 
jus t happen t o be found over or upwind of the chosen spot. For example, in south  
Florida , we hav e managed to get a seeded cloud over a 200 sq. mile instrumented 
target  on rou ghly abou t 10% of the occasions when seedable clouds were found  
over a 5000 sq. mile seeding targ et. Since seedab le clouds are ava ilab le over  south 
Florida on rough ly 3 0%  of summer days, this means that one or more clouds might 
be targ etted there onto a chosen 5%  of the area  a bout 3%  of the time. This figure 
may be typic al for  fiat land areas in tropical  a ir masses. Nea r mountains or islands, 
tar get tin g m ight  be more or less difficult , depending on how the  preferred locations 
for cloud grow th relate to the target  and to the prev ailin g air flow. This whole 
sub ject is just now becoming amenable to p roductive research and ex perimentation.
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So far, in this test imony, I have attempte d to assess for you  th at  aspe ct of 
wea ther modif ication  related to prec ipita tion  increases from existin g clouds. 
Cle arly, in the present state of knowledge  and development, this  aspe ct is unlikely 
to  be a cost-effe ctive  weapon, though an enem y in some places could  be incon­
venienced on a small frac tion  of sorties. The emp loym ent of rain-making  as a 
w’eapon, howe ver, would in my  opinion be much worse than  a waste of resources, 
because of the damage to inte rnation al cooperation  in meteorology. I will retur n 
to that  most imp ortant  aspe ct in my  conclusion.

Le t us cont inue now wit h the  hard  fac ts abo ut scientific feasib ility. What 
abo ut decreasing prec ipita tion? This is a frontier  for research and deve lopm ent, 
some of  which is underway in the Sov iet  Un ion. I am un aware of  any demon strated 
results of prop erly  controlled  experim ents, nor of any applications even  claimed 
to be successful.

The nex t topic of major concern, on which  real  progress has been made, is in 
the  modificat ion of severe storms, in par ticu lar  lightning, hail and the tropical  
hurricane.  Tornadoes are stil l in the research phase and hav e not  reached the 
stag e of field modif ication  experiments , nor even good theories  or models upon 
which to base them.

Ligh tning suppression is in the controlled field experiment stag e and appe ars 
promising.  Hurricane exper imentation has been inte rmitte ntly underway by  the  
United States beginning in 1947 and more seriously and kno wle dge ably since 
1961. The  project is a United  States Gov ernment program called  Stormfury . Its  
design is to determine whet her storm winds can be reduced in intensity.  There is 
no intention to and no good ideas how either to steer or t o dissipate these stor ms, 
despite some media  reports  to  the  contrary. The S tormfu ry exper iments are in their 
infa ncy . Either  many ye ars of ef fort or huge ly increased resources will be necessary  
to  pin down the feasibility  of this one aspe ct of hurricane modification. No experi­
ments  h ave  been atte mpted on incip ient or de veloping  storms, for reasons too long 
to cite here.

In hail suppression, the Soviet Union leads  the  world, although their claims of 
70-90 % reduction  in damage and benef it-to-cost ratios of ten or more are not  
ful ly accepted  in our scientific community. The reason is tha t their  experiments, 
alth ough backed by fine instrumenta tion and extensive theory, have not been 
double-blind.  In the Unite d States, a sim ilar program, the Nat iona l Hai l Rese arch  
Experim ent,  is un derw ay in Colorado with the proper sta tist ica l controls. It began  
in 1972 and it  is not expec ted tha t suppression results of j ust one method of tre at­
men t can be defin itely  eva luated prior to 1977. Concernin g hail inst igation or 
augm enta tion, various madc ap schemes hav e been su ggested, but to my  knowle dge 
none hav e been backed  b y res', arch or tested in th e field.

The  final aspect of weathej modification I shall address is fog. I am unfamiliar 
with any successful efforts to create fogs, although it wou ld seem a  possib le area of 
investigat ion under  calm conditions when natun was close to fog prod uctio n 
anyhow . On the other  hand, the dispersal of cold cr  supercooled fogs has long ago 
been demonstrated  successful in calm or ligh t winds and has been in economic 
operation  a t more than  a dozen airfields over  the world for many years. With w arm 
fogs, significant progress has been made on their dissipation by  helicopter down- 
wash,  the h eat  from burners, or, by  seeding with hygroscopic substances.

Much of the wor k on fog dispersal has been deve loped and used by  the United  
States mil itar y services. Whe ther  or not  the dispersal of a fog a t an airpo rt land ing 
mi lita ry airc raft  (carrying bom bs or wounded  persons) constitutes a use of weather  
modification for warfare I will l eave to  the people, their  representatives  in Congress 
and on inter national  bodies, and their  lawyers,  to decide and negotia te wit h their 
counterparts in other  nations.

M y stron g recom mendation is that  it is in  the  n ational interest to lean more on 
the side of eliminating marginal uses of wea the r modification at some short-range 
cost than to slide in th e other  d irection. This leads me to my  conclusion.

In conclusion,  this cou ntry and the world  face food and ener gy shortages. Bene ­
ficial use of the atmosphere, which  must be based on inte rnation al cooperation, 
wit h free exchange of data and information, could make a majo r, even  crucial 
difference in our economy and in the livel ihoods of multitudes. Mu ch more is at 
stak e than the deliberate  modification of the atmosphere, po ten tia lly  valu able as 
that  surely  is. Wea ther  predict ion is a t stak e, air and water qu ali ty,  the  extr act ion  
of some forms of energy and many aspects of agriculture  and fisheries. Hostile 
use, or attempts a t hostile use, of wea ther modification would in evita bly  undermine 
that international  cooperation w hich is mand ato ry to predict, conserve  and m anag e 
man’s environme nt on this planet.
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The Int ern atio nal Glob al Atmospheric Research Program’s Tro pical Atla ntic 
Experim ent (G ATE) is now going on in and abo ve the Atl antic  Ocean west  of 
Africa. More than six nations are pool ing talent, expertise and expensive faci lities 
to surm ount  th e key roadblocks in global weather  predic tion and related problems 
inv olv ing  the  air-sea inte rface and cloud and storm  systems. The  fragile basis of 
these  cooperativ e efforts is painfu lly clear to me. This specia l pooling of resources 
and also the ir routine, day-to-d ay pooling in global weather  netw orks  are essen­
tials  for civi liza tion that  could rea dily  be jeopardized.  Ma jor  jeo pardy  would 
thre aten  if one or more powerful n ations b egan to use or condone weather  modifica­
tion as a  weapo n. Is a ny person going free ly to  co ntribute to a neighborhood project  
to bui ld a machine if  he thin ks one of his neighbors ma y use the machine to harm 
or to  kill  him?

For  this priceless benefit of environm enta l cooperation, a price is exacted.  Bu t 
the price is f ortunate ly low. We mus t renounce use of the current sta te of weather  
modificat ion for warfare. To day, most a spects of weather  modification a re promis­
ing for peaceful use bu t do not  provide  cost-effe ctive weapons. The avoidan ce of 
those  few  techniqu es which might be cost -effective as weapons, such as fog dis­
persal,  cons titutes a loss incomparably less harm ful to our nationa l interest  than  
would be the loss incurred by  adop ting th e opposite alte rnative .

For  the  future  of weather  modificat ion, the  national interest, backed  by  the 
hard est fact s a nd soundest science avai lable, dict ates tha t we dedicate our de velop­
men tal resources into open, unclassified scientific and technological  programs for 
which the  foreseeable  and intended app lica tion  is the peaceful betterment of man 
and his environment. This dedicatio n is n ot ju st  noble and desirable, bu t in fa ct  is 
coldly  and pra ctica lly  n ecessary, because the  atmosphere covers the whole  planet 
in its complex turbul ent  motions;  its nature  and problems are global. To  unde r­
stand, predict and cont rol it  is so difficult, th at  only by  pool ing resources, by  
inte rnation al cooperatio n can man  i mprove his life  on this earth, or perha ps even  
main tain  his ve ry  existence.
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On 20 March,  several high- ranking officials of the  Depar tment  of Defense 
(DOD) told members of the Senate  Foreign Relations Committee in deta il abo ut 
a $21.6 million 7-year program of cloud-seeding to induce  rain  over the  trai ls 
of Laos, Nor th Vietnam, South  Vietnam, and Cambodia. There  had been persi sten t 
allegations th at  the  mili tary  was carrying out  such operations in Sou thea st Asia. 
Their briefing, therefore, cons titu tes the  first public descr iption of w eather modifi­
cation techniques as a weapon of war.* Sena tor Claiborne Pell (D-R.I.) , who 
asked for the  briefing, recent ly released the  tex t of it, of which excerpts follow.

The use of rainm aking as a wesoon of war has long been a subject of con tro­
versy among weather scien tists and  arms contro l experts.  Some of the  scientist s 
have objected th at  m ilitary use of weathe r modifica tion will inhib it inte rna tion al 
cooperation in the atmospheric  science s. Thei r work, they add, should be used for 
hum ani tarian ends such as increasing the world’s food supply. Some arm s control 
exper ts fear th at  weather modifica tion indiscriminate ly hur ts non com bata nts and  
enemy troops; the y also argue tha  lU.S. use of it in  Vietnam could lead to prolif era­
tion of this relat ively  simple weapon to other count ries (Science, 16 Jun e 1972).

In any  event, the  P entago n’s briefing to  Pell is far  and a way the m ost complete 
sta tem ent DOD has made to date  of its role in weather warfare . [Even former 
DOD Secretary  Melvin Laird hedged on the issue (Science, 5 April).] While it 
furnishes many new details, some othe r information is s till missing. For  example, 
there is only vague discussion of whether agencies other than  DOD have engaged 
or are engaging in weather warfare—yet the  Cen tral  Intelligence Agency (CIA) 
is alleged to have sta rted Vietnam cloud-seeding with  a rainm aking pro ject  over 
Saigon in 1963. There is some discussion of an ongoing Nat iona l Secur ity Council 
review of wea ther  modification policies, bu t no sta tem ent of DOD ’s position on 
future  m ilita ry weather modification programs. Finally, the  mil itar y’s claim th at  
they succeeded i a inducing from 1 to 7 inches of rain  in Southeast Asia is no t 
suppor ted with  t tie k ind of da ta th at  civilian scientists would need for verifying 
it. Hence the DOD ’s claim th at  weather modifica tion is “a valuable tac tical 
weapon” is not  proven.

Most  of t he presenta tion  was made by Lie utenan t Colonel Ed Soyster of t he 
Jo int  Chiefs of Staff. Othe r DOD spokesmen were: Dennis J. Doolin, Deputy 
Assistant  Secreta ry of Defense (East Asia and Pacific Affairs); Major General 
Ray Furlong, Dep uty Assis tant Secretary  of Defense (Legislative  Affairs).

Soyster began  by describing the  regular Sou thea st Asian monsoon seasons. He 
explained th at  the  southwest monsoon begins with a transi tion al period  from 
April to June and  ends with  a similar  period in September. During these  tra ns i­
tional  times, unpaved  roads in Southeas t Asia can  sometimes become impassable 
due to sudden rains or floods: dur ing the  monsoon itself such roads are m uddy all 
the  time.

The program was to increase rainfa ll sufficiently in careful ly selected tar ge t 
areas to fur the r soften the  road surfaces, cause landslides along roadways, and  to 
wash out rive r crossings. These events normally * * * occur anyw ay dur ing the  
heigh t of the  rain y season. By seeding it was intended to  extend the period of 
occurrence beyond  th e normal  ra iny season and  to  supplement th e na tur al rainfall 
as required to mainta in the resultant  poor traffic conditions.

He then described some principles of tropica l cumulus cloud growth and  devel­
opment, and  howr, in general, cloud-seeding works. As to the  specific technique 
DOD cloud-seeders used:

The seeding unit s used to seed were developed  at  the  Nav al Weapons Center, 
China Lake, Calif, and  are not  classified. The seeding uni ts and  technique are 
ident ical to those  used in publicized rainm aking pro jects—for example, Philippines, 
Okinawa, Texas—and the  Stormfury  research p rojec t.

•Weather Modification, hearings before the Subcommittee on Oceans and Intern ational 
Environment , Committee on Foreign Relations, U.S. Senate (Government Printing  Office, 
Washing ton, D.C., 1974).
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The seeding unit s consist of a 40 mm alum inum photof lash- type cartr idge  case 
with  primer and  a candle  assembly. The candle assembly includes a plasti c con­
tain er 3 inches long with  th e seeding material and  necessary delayed firing mecha­
nism to igni te the  free falling conta iner. The silver iodide or lead iodide is pro­
duced  as the  chemical mixture burns.

The burn ing time is about 36 seconds for the  most commonly used type.  The 
unit drops about 3,000 feet  during  its func tiona l burn.  The uni ts are dropped in­
side the  cloud in the active updraft s at  inte rvals of approximately one-half mile.

The release is normally controlled by th e pilot. . . . Two types of airc raft  were 
used—th e W C-130 weather reconnaissance airc raft  and the  R F-4C  reconnaissance 
airc raft . The WC-130 carried  pods containing 104 units  each on both  sides of the 
airc raft  fuselage. . . . The RF -4C  carried a total  of 104 unit s in the photo 
cartr idge compartm ents.  Typically,  these airc raf t could influence an average  of 
4-5  c louds or  groups of clouds per d ay during th e southwest monsoon.

• • • Under nearly perfect conditions , effects las t possibly 6 hours  maximum. 
Normal ly, the  effect is about one-half hour. . . . The effects are . . . limited 
in area, perhaps [to a] 20-mile diam eter under ideal conditions and  continuous 
seeding where groups of clouds could be kn itte d toge ther  to form one large  s torm  
cente r. . . .

The  above is a composite of DOD maps showing where different cloudseedina 
missions were flown during th e 1966-1972 weather war in Southeas t Asia. Accord­
ing to the  Pentagon , only selected  sec tions of the  above area  were seeded during 
any  one rainy season. U/

Soyster then went into  the origins of the  classified program.
In  1966, the  Office of Defense Research a nd Engineering  proposed a concept of 

using these known weather modifica tion techniques  in selected areas of Sou theast  
Asia as a  means of in hibi ting enemy logistical opera tions . 4

During October 1966, a  scientifically contro lled tes t of the concept and seeding 
techniques  was conduc ted in the  Laos Panh andle. The tes t was conducted under 
the  technical supervision and contro l of personnel from the Naval Ordnance Test 
S ation  (now Is* aval Weapons Center), China Lake, Calif., using in-t hea ter  re­
sources. lif ty -s ix  seedings were conducted, and over 85 percent of the  clouds 

AC™ d  f a v o r a bly. On November 9, 1966, the Commander in Chief, Pacific
DI A GJ-reported the  tes t comple ted and concluded th at  cloud-seeding to 

induce  a ddit iona l r ain over infil tration routes in Laos could be used as a valuable 
tac tica l weapon.
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The timing of th e Laos tes ts correlates  with one of the few previous DOD stat e­
ments about its Vietnam weathe r p rogram, which appears in the  Pentagon Papers 
(Beacon Press, Boston, Gravel ed., 1971, pp. 420-424). The Pentagon Papers  
explains th at  “various separate  proposals” for ways of expanding the  ai r war were 
made by the Joint Chiefs of Staff (JCS) in December 1966 and January 1967. 
In February 1967, these  were incorporated in a single memo JCS sen t to the n 
President Lyndon B. Johnson. It  said “Laos Operat ions * * * Authoriza tion  
required  to implement operationa l phase  of weather modifica tion process 
previously  successfully test ed and evaluated in area .” The JCS eviden tly also 
agreed with CINC PAC’s evalu ation  th at  the  weather weapon was feasible, for 
it added,  “R isks/Im pac t—Normal mili tary  operational risks.”

During the recen t Senate briefing, Soyster  explained th at  the p rogram of cloud­
seeding began in March 1967—a date shor tly afte r the  Pentagon Papers sta tes  
th at  the JCS request went to the  President. It  appears then , th at  some approval  
at  the  Presidential  level ordered the program in Feb ruary or Marc h 1967.

C IV IL IA N S SA ID  TO  B E SAFE

Soyster also explained why mili tary  commanders though t th at  civilian in­
hab itan ts of the  seeded regions would n ot be in danger.

Intelligence analysis of the  area indicated th at  there would be no significant 
danger to life, heal th, or sani tation in the  target areas. The sparsely populat ed 
areas over which seeding was to occur has a  popula tion very  experienced in coping 
with  the seasonal heavy rainfal l conditions . Houses in the  area  a re bui lt on stil ts 
and about everyone owns a small boa t. . . .

The operation  was closely monitored and controlled. When reconnaissance 
indica ted th at  objectives were attained in one area, the  limited resources were 
shifted to other areas. Seeding was not  conducted during periods of trop ical 
storms when large amounts  of rainfa ll were falling natura lly  and accomplishing 
the  mili tary  objectives.

Soyster then  expressed confidence t hat  the  operation  had  had  no undesirable 
side effects—such as severe storms  or drough t in neighboring regions. The risk of 
undesirable side effects is one argument pu t for th by advocates  of a ban  on 
weather warfare.

It  is the  consensus of the  scientific community th at  the  techniques  employed 
could not  be used to create  large uncon trolled storm systems accidental ly or 
purposely .

Conversely, seeding to the extent conducted in Southeast Asia did no t cause 
drought in neighboring areas. There is simply too much moisture in th e air in t hat  
part of the  world, and operat ions affected only a small percent of it—probably  
less tha n 5 percent. The desired effect was simply to control where th at  small 
percen tage lell t o the  ground.

. . . [T]he op erational  phase began on March 20, 1967, and was c onducted each 
subse quent year during the rainy southwest monsoon; th at  is the  period Marc h 
through  November  u ntil July 5, 1972, when we flew the las t mission.

The 5 July date of the last  mission is 2 weeks a fter  articles began appearing in 
the  scientific and general press alleging th at  such a war was being or had  been 
conducted.

Soyster  d isplayed on maps where the  missions were flown.
. . . [Tjhese aircraft . . . opera ted ou t of Thailand  . . . The annual cost 

of the  to tal  program was approximately $3.6 million covering operation a nd main­
tenance , temporary du ty pay, and seeding materials.

According to  DOD maps, the  fi rst opera tions in 1966 and 1967 were conducted  
primarily  in the  Laos panhandle area. The  missions were then expanded to the  
nor th to include par ts of Nor th Vietnam, and south to include portions of 
Cambodia and South Vietnam. When Pres iden t Johnson announced a ha lt in the  
bombing of North Vietnam above the  19th parallel  in March 1968, wea ther  
modification opera tions above the 19th paralle l were also stopped. By 1971, at 
the  heigh t of the  program, the missions were being flown in a large port ion of 
northern  Cambodia.

R A IN M A K IN G  AND  FL OODS

And, as to allegations th at  mili tary  cloud-seeding was responsible  for the  dev­
asta ting  floods, North Vietnam experienced in 1971, the following exchange took 
place:

Senator Pell. Was there any relat ionsh ip between the rainmaking th at  went 
on in Southeas t Asia and the  extraord inar ily high floods th at  occurred at  th at  
time in North  Vietnam?
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Mr. Doolin. There were not, sir. At  the time of the heavy flooding in North 
Vietnam there were no rainmaking operations conducted. . . . The flooding in 
North Vietnam, as you will recall, generated widespread civilian suffering and 
that was never the intention nor the result of th is program.

As to the effectiveness of the cloud seeding, Soyster stated the following:
The results of the project cannot be precisely quantified. This is due to the 

lack of sufficient ground stations to report. . . .
Subjectively, it is believed that  this rainfall was heavier than that  which would 

have fallen normally and that  it did contribute to slowing the flow of supplies 
into South Vietnam along the Ho Chi Minh trail.

Methods used to determine whether the seeding units affected the clouds or 
whether roads had been muddied included: aircraft “ crews’ judgment” ; “ visual 
or photographic reconnaissance” ; and “ intelligence information.”  In addition, 
remote sensors located along the trails monitored ground troop movements. There 
is no explanation of how rainfall was measured.

Soyster ’s presentation provided no data on how much rain falls normally or 
how much rain fell from unseeded control clouds— information which many civilian 
weather scientists consider crucial to judging success or failure in rainmaking. 
This kind of information appears nowhere in the briefing transcript. Instead,the 
argument that  the program was effective was made on the basis that  enemy 
movements seemed to decrease during periods of active  cloud-seeding. For l971, 
Soyster claimed:

. . . [A]t the beginning of April remote sensors were detecting over 9,000 enemy 
logistic movers per week in eastern Laos. By  the end of June this number was 
less than 900.

TA BL E 1.—SO UT HE AS T AS IA  CLO UD-SEEDI NG  EF FO RT S. TH E DA TA  WERE SU PP LIE D BY TH E DEP AR TM ENT 
OF DEF EN SE

Year

1967 ............
1968 ............
1969 ............
1970 ______
1971 ...........
1972 ............

Total

Sorties flown Units expend ed

591 6, 570
734 7, 420
528 9, 457
277 8,3 12
333 11,288
139 4, 362

2,60 2 47, 409

Two of the most significant weekly drops in detected traffic movement occurred 
during June. One of these weeks was June 2 to 9 during which a typhoon was 
increasing rainfall and the second was during June 16 to 23 when we were most 
active  with seeding activities during the month.

Soyster noted that 1391 units were dropped over eastern Laos during June 
and 1275 of these were judged by the crews to be successful.

. . . which is to say that they had a positive effect on the cloud and either 
increased rainfall rate or caused cloud growth or development.

To substantiate the effectiveness claimed for the cloud-seeding, DOD submitted 
two isoline charts of the Laos region for June 1971. One chart showed “ total 
rainfall”  with  variations from 2 to 28 inches. The other claimed to show “ induced 
rainfall”  with variations from 1 to 7 inches.

These claims of success were made by Soyster, who is part of the JCS which 
had advocated the rainmaking in the first place. Pell then asked Doolin, who is in 
the Office of the Secretary of Defense, for his opinion of the program’s effectiveness. 
Doolin agreed to Pell’s characterization of the program: “ an elephant labored 
and a mouse came forth,”  and also said:

When you look at those isolines, and the amount of rainfall that  was in these 
given areas anyway, and what was added to it possibly b y these extra seedings, it 
looks to me like when you are getting 21 inches in a given area, and we add 2 
inches, if I was on the bottom, I do not think I would know the difference between 
21 and 23.

Who knew about the program? Why was it kept  so secret? Even Doolin con­
fessed that  although he had been a deputy  assistant secretary of defense with 
responsibility for that part of the world for 5 years, he first learned of it  by  reading 
a column by Jack Anderson in 1971, Soyster said:

Because the program was considered sensitive, reporting procedures were 
instituted to limit knowledge of the program. . . .
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The crews performed weathe r reconnaissance and  made normal fac tua l w eath er 
repo rts thro ugh  regula r unclassified worldwide wea ther  channels. . . .  In  addition 
to these reports, special reports to provide information  to  higher head qua rter s and  
to  allow evaluat ion of the  project were tra nsm itted  thro ugh  special communica­
tions  channels. . . .

Periodic reports were prepared  by the  Joi nt Staff and  submit ted  thro ugh  the  
chairm an, Joi nt Chiefs of Staff, to the  Secretary  of Defense. In order to conduct  
the  operation  approxim ately  1400 personnel had  to be given access to pro ject 
information over a 6-year period.

DOD also submitted  its “best est imate” of who among  nonmil itary officials 
knew abo ut the  program. It  included the White  House,  the  Secreta ry of St ate  an d 
limited supp orting staff, including the  Under  Secretary  for Political Affairs, the 
Director of the CIA and  lim ited support ing staff, and  the  chairm en of th e House 
and  Senate  appro pria tions a nd armed services committees. The Thai g overnment 
was n ot informed and  th e Laotian government was only told th at  a  general int er­
diction campaign was being waged. No one a t the Arms C ontrol  and Disa rmament 
Agency was informed.

Pell, at  the  close of the  briefing, also inquired about a related, long-standing  
rumor th at  someone dropped emulsifiers, the subs tances used by oil drillers to  make 
mud  reta in its  slipperiness, on the Ho Chi Minh Trail .

Senator Pell. So it may have  been attempted, bu t it  was no t und er the  
Defense De partm ent’s jurisdiction[?]

General F urlong. No. sir, . . .  we did no t wan t to do it.

o
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