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PREFACE - 

Wvalher modification is directed toward charting meteorological phenomena ior a short period oi time usually over re tiveiy small areas. 
llmlll modification is directed toward changing meteorological phe- 

nomena over a long periodof time usually over e large area. Almost 
all weather modification techniques can be applied to some type of 
military Ofiralion. Many have significant economic applications. Suc- 
°¢"F\1l 99¢ lques to increase precipitation or to dissipate severe storms "W14 l-WW5! I country's economy considerably and could also support 
militarLoper'ations. Techniques to dissipate or enhance fog and cloud 
Mild W important military applications. particularly for tactical 
eratioos. Even pester military an economic, as well as political, benggt 
Milli! be derived from a successful method of modifying the climate. 

U°"lL‘l1ls report discusses Soviet in weather and climate modifi- 
°' iiralsocon-_ 

ml "P011. which updates ea earlier study on weather and climate 
l"°d15¢lll°fl [Nhlisbed in Aulust INS. has been prepared by the Oflce 
°l sdflitilv llllfilllience and coordinated with the Directorate oi intelli- 
E'-'"°" 11'" WW5 te of information used is October IND- 

, 

__i____._. 
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STATUS AND TRENDS OF THE SOVIET WEATHER AND 
CLIMATE MODIFICATION PROGRAM

1

I 

an 
3 4‘ 

. I 

PROBLEM 
To determine the etatua and trends oi Soviet rvevarch and develop- 

ment in weather and climate mo'dliioation. 

CONCLUSIONS 
1. 1110 sdvllll have maintained Q vary l|,|-to 

weather modification Beboprogram tor a gumbo; of 
yfiIi’IlJ\ll,dl!IPllOl»bOIlI-8 thiaprogram, thqyhava 
contributed no aplfloant or unique Idvapcge gp mg 
understanding the phenomena involved. 1|; Q. 
taininstanonetheSovietihavebeenqui¢kqt1m; 
the United Statee to introduce new waaum mqdlfl. 
nation teehni nee into operational aervioa. 
climate tnodigoetion program Ia etill 

orptual tr basic research etege aa 1| 
othc oountriu. 

I-'l"beSovietweatheemodi8oatiop pm‘:-‘mi; 
llorganizedandapparentlyhaahi‘}\.|¢y;];n. 

11:eSovIeta have oonmutratad 
in mhflelda they judge in gig 

‘Emulator niilitaryandeoorioutioyu. 
poeealn ififlathieooneentrationwaaeamg-. 
oooledh‘anddouddla8IpetlOn llclmiqnea, whida 
became operational about leeo. in lhe nib up 
80vieteoonoentretedtl\elrll&De8ortaq1I'gfl|qp- 
preaaiontachniqnee. 

3.'l‘he8ovieta have conducted nnlmovm laid 
eaperimentainelimate modification. Cquqvaflelu 
iedletatedbythetr inabilitytopredici evhal ail”; 

rz §§€ 

Egg! is 55 

auch experiments might have in geographical area: 
outside the experimental area. The Soviets are work- 
ing on mathematical models of the atmoaphc-e in 
assist them in predicting these eilecta but their 
progress has been hindered by the inadequacy d 
their computera. 

4-'l1ieoonoentratedSovIeteITortolthepeatl0 
yeaninhaileupp|eeaionhaaprogreaaedtntheeemi- 
operational stage and the benefit-toeoet ratio ap- 
peentnbeebout8tnl.8omeaoientiBcreeonreea 
ueed In this developmental etlort probably will new 
be divested to other weather modifiution aubdelda 
The moat liltely Iubflelde for new Soviet MD ep- 
pear to be warm fog and cloud modification andlc 
modification of larger weather eyeteme. Some lo- 
eeeaee In the precipitation eupnentation elm aleo 
enema poaaihle. 

L Altliotighmoetoltliesovietweethermodiltw 
tionpro‘ramappeeratnbeunclueiBed,therei| 
e'.id¢noeofelani8edBhDtnwarn\eloudendlo‘ 
modiloation Inch modification techniqnoe mold 
have immediate military applications for odaneive 
and defensive tactical optretiona.

l

w 
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SUMMARY 
The major Soviet weather modification ailort in 

the lfiih was on supercooled fog and cloud dia- 
jration. This eilort culminated in the development 

a technique for clearing airports at aupcrgoqled 
fog; a semloperational status was reached in the late 
1950:. several years before the United States began 
a similar operational program. . 

After the fog dissipation pmjeet (mm the 
tilt!) ID lltl operational Ibge, Q ma rdon d 
the Soviet scientific resources was divartaftcb attack- 
ing the problem of suppressing the number qf 
occurencev and severity o hailstorrns in the USSR. An experimental research area was established in 
a grape-growing section of the Caucasus in the mid- 
l950s and ctperiments began on a large scale about 
19%. The motivation behind this program probably 
was to a lagfie extent the potential economic bene- 
3" '0 IP1 lull. but I method for dissi-rating or 
peventlng hailstorms could um rim military a 
plications. particularly for protecting vulnerahlb 
equipment such as aircraft and missiles. 
The Soviet hail dissipntion experiments have pro- 

gressed systernatially through the past 10 yea", 
inoa the Soviets first established the feasibility for 

mcdlfyinz lJ*l1l1t°t‘tI't$. they have concentrated on 
conducting these experiments over ditlerent types 
of terrain. on developing a means for introducing 
reagents into the clouds, and on improving “dug 
related techniques. According to the Soviet theory, 
lltfl time dill Ill nggggt || lntrpduggd 
tntothselon llfl‘ltlcal.Tl'teuaaofalrc|'|ftwaa 
judfiled to be inadequate and antiairwaft artillery 
she androclsetsweradevslopedforthispurposc 

"|'ha Soviets claim that their hail suppression re- 
search program has been completr‘y successful The 
0Ht!lalS0v‘la'taatimataofthabenefltsvemuunt 
ratiolsaboutfitolandthisestimataprobrblyis 
accurate. Ill INT the Soviet government made the 
decisiontoaspandthaseoperatimutpallueasel 
the country subject to significant hat] damage, and 
ltnowappearsthattheyconsideythispmgmntp 
be at least semioperational and no longer ea-pert. 
mantel. 

Because the Soviets l.ave emphasized supacooled 
f0glnd¢l0tt¢l dlailpltlfinlbdhallauppr-using-gov‘: 

the past 15 to ll years. they have S: relatively less etlort into other subllelds of was modifica- 
tion than has the United States. These subflelds in- 
clude preci itation augigentation and warm fog 
and cloud dissipation, th of which could have 
significant economic or military value if techniques 
are perfected. The Soviets maintain only one known 
sin-able project (in the Ukraine) engaged in pre- 
cipitation augmentation, but apparently it has pro- 
duced no significant amounts of precipitation. Some 
increased activity in other geographical areas has 
been noted in the past year. 

Blur-d on open sources, it appears that Soviet ea- 
perimental research on warm og and cloud dissipa- 
tion is in the initial stage, although there is evidence 
that at least one classi cddproject was begun a few 
years ago. One unclassifi project is an attempt to 
prevent fog from fomiing over the Kola Bay by 
covering the bay suriace with s monomolecular film 
that reduces the rate of evaporation. A recent in- 
crease in Soviet basic research on hygroscopic nuclei 
may indicate that etperirnental research on warm 
fog and cloud dissip::pn using such nuclei will 
receive greater amp 

Soviet experimentation on severe storms and 
modification of large weather systems also is in its 
beginning stages and the Soviets have no known 
projects which ccmlpara in size or complexity with 
the US STORMFU Y project to modify hurricanes. 
Current Soviet worlt on severe storms appears to be 
confined to asperlments on individual cumulus 
clouds and thunderstorms Some success has berm 
reported in lissipating thunderstorms, but the So- 
viets need more data to malts a final evaluation of 
the results. No information is available on recent 
Soviet arperiments on large weather systems, but 
it appears that such rvorh will be stepped up. 

Soviet scientists and engineers have discussed the 
possibility of climate modification for many years, 
particularly the prospects of melting the Arctic ice. 
The well-Imovm proposal by P. hi. ltorisov to dam 
the Bering Strait is directed to this end but Soviet 
scientists have warned that melting the Arctic ice 
could have harmful elects on the climate in other 
areas of the world. The uncertainty of these efiects
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P'°lIl>lY 5" W field erpcnmenuuon to a mini- mum. Current basic Soviet reeeeml; en we develop. 
ment oi’ realistic mathematical mode]; 9|‘ me emu. 
phera could greatly assist in predieun1g:5e¢g eve; 
the entire Northern Hemisphere, 31:94.5, 
P"°b'blY the but warm available tor tasting 
\bC$OlflfiIll,|lD0tlOqUlhf°fPt\|'fQ|-uflaglbg 
cunples computations in clvul, eltbqugh even the 
most advanced computers are not completely ade- 
quate for this lob. , 

The Soviets are actively engaged in research on 
the rnicrophyriu oi clouds and precipitation in sup- 
port oi weather modification. They are patuoularly 
active in laboratory studies involving cloud chun- 
bers. They also have been imaginative in applying 
radar to cloud research and precipitation studies. 
Soviet administrators of the weather modification 
program have stated that there is a need for inten- 
sifying these basic studies. 

DISCUSSION 

OVERALL WEATHER MODIFICATION 
PROGRAM 

Tb! Soviets have maintained Q large weather 
modification rograin for about M years. In terms 
of numbers or personnel involved, it Pmbebly 1; the 
largest in the world. it appear; they the fiqvlgtg 
maintain a much er field ezperimemel 
than the United Sigtges but that their nlatamm 
research eflort is smaller.‘ Consequently, the Soviets 
gexneraily have been quicker to test weather modi- 

ticn techniques in the field than bee the Untied 
Staten. 

Thesovietsappeas to havsawell-organized pso- 
sami High-love direction oi the pmgnm || tn. 
catldbythdrejzarentlbllltytochanneleilorta 

intoparticnlarsu lds.'ihusvet-ylnteneeemrkte 
carriedoutnntilatechniquete acts-dtqthe 
@l!lilbltRfi.lIbOtIl¢dOP¢i’lUougE"q'a¢m|qp¢n. 
tionally. Al that H100, ldfllliac |'Qgu|'$ ‘pg dj. 
vested toanothersub8eld.As eneum le, e Inge 
Soviet eflost in dissipating 1.3 fog; “Q 
cloodswasa arentintbei':d¢Ileen¢!Iete1§();, 
Wl\enthlste‘::hniq\|eIast!Ivslopedtothepoint 
thatitconldbensed liOt\al]y,t}|eqm¢-gut". 
IlOtI0f¢lOi'tWlllhlfi3l0hni]§up “wt,” 
ithasbeensincetheearlylIIh.‘g:‘decisiostas 
tosrhichstsbfleldtoconceno-atetl;eeil’e|1;mm|;e 
madeathighlevelsand hebiytebeeedgae 
con1binationoi'factora,stst-"hflzs srhichareasappear 
tobethemcstpromisingandwhiehhevethemqes 
militaryandeconomicpctential. 

It ts evident from the published literature that 
tlseover'allweathermcdi8cation|>mgmg;||;g);e 
USSR underwent a considerable eepemion tn 1”). 

1964, with a steady but slower growth rate since 
then.’ However. this elpanslon may have been more 
apparent than real brceuse a general declassiBca- 
tioucl'theprog'rarninthelate1950srnayhavere- 
suited in an increase in published articles. Never- 
theless, there is no csufstion that the Soviet weather 
modiiication eiiorts vs been increasing and they 
gobably will continue to do so. Further, high-level 

viet oflcials have indicated that the future pro- 
gram probably will have a better balance between 
theoretical research and field experimentation.‘ 

Hail suppression 

The Soviets have continued to expend their ac 
tivitiesinhailsup ressionoverthepasthyeara. 
'i‘hi|eiiort,which£eganin1956asarathersmali 
experimental eilort in the Caucasus Mountains near 
Mt Eibrus, has now elpanded to include areas of 
the republics of Grain, Moldavia, Tadzhildrtars, 
Ukraine. Armenia Uzbeldstan. Recently a co- 
operative hail srjpression poroject has also been ini- 
tiated with Bulgaria.‘ The ng time period and the 
number d uperiments conducted probably have 
giventheeovietsmoraerperienceinthisareact 
weather modification than any other country. 

‘fire Soviet government made the decision in 1967 
to expand the hail suppression operations to include 
eventually all areas of the USSR that are subject 
to significant hail damage.‘ This decision ieevee lmie 
doubt that Soviet odlcials are convinced that the 
method eilectively reduces the amount of damaging 
hail which falls, but there appears to be some ques- 
tionastothresaetamcontthathaildamageissr 
dusvd. 0. K. Sulslrvelidre, who leads the hail mp- 
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pressioneIortintheCauasusandsrhnt|oneoi 
the most enthusiastic proponents oi the method. 
claims a benefit-to-cost ratio oi about 17 to 1- The 
oflcial liydrometeorological Service estimate of the 
benefit-to-cost ratio appears to be alnut I to 1.‘ 
The more conservative estimate probably is closer 
tothetrue valua.Pa.rtoithediscre cybetween 
these figures probably is due to didzldnt methods 
oi Bguring the oust oi thuecprogs-am. it is not entirely 
elear howthecostoi itemsesguns,roclsets, 
ammunition. and radars are Bgured into the cost oi 
the program since some oi this uipment 
to be military lus material.” ‘flu 
the program ar::lculated on the bests ciinrurence 
claims tor the protected areas compared with claims 
for adjacent unprotected ereas.' 

The size of the hail suppression program in the 
USSR indicates that it has passed from a strictly 
experimental program into at east a semioperational 
program it is not lilrely that the Soviet government 
would decide to expand a strictly experimental pro- 
gram into all hail-ailected areas oi’ the country. 
Nevertheless, the fact that a control area is almost 
invariably established alongside a protected area 
indicates that the Soviets do not consider the pro- 
gram to be entirsly operational at present, and they 
are still interest in obtaining experimental data. 

The principle behind the Soviet hail suppression 
eiiorts is that certain portions of well-developed 
convective clouds oiten have large accumulations 
of moisture in a liquid supercooled state. The ice 
particles which form as a result oi the natural freez- 
ing ol droplets falling through these areas grow 
rapidly and are transformed into hailstnnes. The 
Soviet theory states that by inlecting a large num- 
her of artiflcal crystallization nuclei into the cloud, 
the nuclei can convert the region of high, super- 
cooled water content into small ice crystals, thereby 
eliminating the large supply of supercooled water 
which is necessary for the formation oi hailstones.' 
According to the Soviet theory, the artificial nuclei 

must be injected into the portion oi the cloud which 
has the high supercooled water content and they 
must be placed there before the hailstones an gross 
to a large siee- Soviet observations and computations 
show that large hallstones can he formed in a matter 
oi 8 to l0 minutu after the hail forming process 
hell"-' 

The Soviets rely heavily on radar to determine 
where th want tn seed the clouds." Their “peti- 
ence has zhown that the radar reflectivity underg: 
e perw tibia change in the area oi the cloud W 
the hairiwmadon is begiitiiiiil Eitbfl Y°°|‘°ll °l’ 

lm-mm antisiwnh utfl] are used to deliver the 
seeding agents to the cloiz Ind 5°15 Wu“-Y '3'" 
tems are tied into radar control points- Based on the 
military precision with which they Oporllfi ll" I" 
crews appear to be either military personnel or 
civilians who have had extensive trsildfll Willi all 
guns.‘ ‘Ilse shells normally are loaded With I 
iodide reagent. and a timing dlviol is tiled 1° 
plode the shell at a preselected point in the tra- 
lectory. The rocliets are equipped with two timing 
devices: one to set the time oi burning of thc 
sea ent and the other to set the time for parachute 
deployment.‘ Possible danger to the local population 
from antilireraft shell fragments 01' 5'0!!! 10¢“! 
landing in a populated area does not seem to con- 
cern the Qovieta greatly. They claim that the shells 
fragment completely and that it is rare to and I 
it-cc as large as 1 gram on the Fund.‘ The danger 

l-rum the rockets is mintsniad y the use of para- 
chutes, and the roclret sites are established in rela- 
tively unpopulated areas lioclret firings must be 
coordinated with civil and military aircraft author- 
ities, who have veto power over roclret Brings." 
There is a certain d oi rivalry between the 
rou usin ns and fit using roclwtl. hit "WI 3 P‘ II“ 

ls no evidence that the Soviet decision malrers have 
any intention of adopting only one delivery method. 
'l‘he roclrets used in the mgémmhsw unds?ou1: continued improvement throw years an 
Soviets presen are using a multiple roclret 
launcher capebllz oi firing four roclrets simulta- 
neously. These roclrets are approximately 8 it. long 
andhavearangeeiabos:t8bn.1hennshrg:- 
Alazani roclret is now in its iinal test phase it 
a launcher capable of simultaneous y launching 
several roclrets in different directions." 

Each delivery system has certain advantages and 
disadvantages. The antiaircraft artillery can deliver 
a shell to a particular spot in the cloud_with rela- 
tively good accuracy. When the sh-ll explodes, a 
large number of nuclei are then released in a rela- 
tively small volume. A large storm would require a 
large number of firings to seed it completely. in one 
operation observed by Western scientists, about ID 
rounds werelred toseedonestos-m'Tberoclrets 
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apparently also achieve good lccurocy and 
have the ability to deliver the nuclei over a :2 
siderable volusno oi tho cloud. The number of nuclei 
delivoredparunitvolutnoisnotashighasintha 
casaoi'thesholl.s,butthoroclr-etsarosomewhatmore 
vorsatileinthattheyeanbasettooieotthonuclei 
either in a horizontal tralectory through the cloud 
or vertically as the rocket descend; through the 
cloud by parachute.‘

p 

‘Ibo hail suppression expedition located near Kor- 
lneahta in Mo davis appears to be tho sr-oat aci- 
ontificall oriented group ct its llind in the USSR. The Molzlavian tion is under the leadership 
oi l. l. the Central Aemlogical Ob 
son/story. Althougi all the hail suppression groups 
study the result cit efiorts have on crop darna e 
by hail, only the Moldavian clpcdition apparently 
has made any study of the ellccta their operations 
have had on rocipitation in the ares of operations. 
Cayvorcnsldyfi statistics, based on 10 years oi‘ eb- 
servation, tend to show that his operations have had 
little eiicct on precipitation in the area." 
The overall Soviet hail suppression program is o 

largo, impressive eflort which lccms to dominate tho 
entire Soviet weather modification rogram.' The 
Soviets have developed efiectivo ddlivery systems and have a well-coordinated program. The primary 
benefit oi hail modification is, as the Soviets have 
stated, for tho protection oi’ crops. However, the 
ability to dissipate hail storms could also be used 
by the military to protect personnel and certain 
valuable equipment. The Soviet use oi lead iodide 
as a seeding Agent may be somewhat I“; gficient 
than silver i ide, but is not a lerlous limitation 
to the program. 

Precipitation augmentation 
Precipitation sup-rnentation, a suhileld oi weather 

modification popu arly referred to as rain-melting. 
has received a largo percentage of the total weather 
modification budget in tho United States. In the 
USSR, however, this subfield has received oonsid. 
erably less efiort than that oi hall suppression. and 
there is some indication that it is not receiving un- 
qualified support at the top administrative lovela 
One reason may be the belief, etpressod by some 
Soviet oficisls, that the increase in precipitation 
produced by cloud seeding has not been great 
enough to malts it economically leosible on a large 

aegis.‘ Another possible osplanstion is that the So- 
viets may have decided to concentrate their ro- 
sources on hail suppression bocouso the economic 
benefits were more clear cut. Some Soviet scientific 
resources allotted to hail suppression could be di- 
verted to other areas oi weather modification, such 
as precipitation augmentation. as the hail suppres- 
sion operations become less experimental and snore 
operational, In any case, there ll little doubt that 
tho8nviet3rocog'|\lloll\al0VflioItnalllltG’eosollt 
precl itation at the right time and place can have 
considerable economic benefits. Military benefits 
from precipitation augmentation are less clear out 
but certain tactical operations could derive some 
marginal benefits from such a program. 
The largest Soviet weather modification efiort to 

increase precipitation is a joint efiort between the 
Ukrainian flydmmcteorological Research institute 
at Kiev and the Main Geophysical Observatory at 
Lenin rad.‘ This project was established in 1958 
and cloud seeding with dry ice has been carried 
out continuously since 1959.‘ " The Ukrainian es- 
periments have been conducted using two IL-14 
aircrait for dispensing dry ica into the clouds. 

in setting up this operation, the Soviets estab- 
lished two areas of equal siu (3,750 Ion‘) separated 
by a distance of ID ltm. All the cloud seeding experi- 

mr:pt;' 
have been 

co&fiubc‘ieedui‘a;:dtlie eastern'area, 
a tewesternarea n asacontroarea. 
Operating in this manner, the Soviets are able to 
avoid conisminstin tho control area with seeding 
nuclei because oi the prevailing westerly winds in 
the area. The Soviets set up a dense networlr of rain 
.'""': W1." ":"...<,,..""- P;'.:;“r..:£.*‘:.l."";.* o rns e ne- e rn en no - 

tation in the control area and of that from cloud 
.,..""'"r.".‘rZ‘.'l’..'.i;’..".?.'¢'lfr'i‘l $3 .3" 3"r..".t.u""".T' o rs - 

tions to observe areas oidpredpitstion and to track 
and control the aircraft oing the seeding." 
The Soviets have seeded stratus and stratocumulus 

air mass clouds as well as frontal-typo clouds in tho 
Ultralnian operstionc They have reported about a 
I0 percent increase in precipitation amounts when 
operating on winter air mass clouds. However, the 
scientists involved do not consider this a very sig- 
nificant incsease because the total water content of 
these clouds is very small in the first place.‘ They 
claim to have been more successful when operating 
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on frontal-type clouds. with some claimin as much 
as a 8) to 85 percent indease while others, only 
about 18 percent.‘ " ti this magnitude oi precipita- 
ti'on augmentation could 

ta‘ 
achieved for all frontal 

cou situations, it could uite si cant. How- 
ever, the Soviets have detcrgtined tfilfl only about 
S0 percent oi the winter trontal-type clouds are ia- 
vorable for seeding." 

Since IR!) the Ukrainian expedition has also 
systematically seeded summer cumulus clouds. From 1% to 1966 the Soviets seeded when possible all 
clouds which exceed I-J Ion in depth and whose 
temperature at cloud top was lower than -S‘ C. 
These parameters had been established. through 
per-revious Soviet investigations, as being necessary 

llvvrlbll sccdlhp conditions. The amount oi 
precipitation which ell over the operational area 
was then compared with the amount which iell 
over the contro area to determine the eilcctivensss 
oi the experiments. 'i‘he results showed some in- "Bm in l-5° I¢¢¢l¢d I1". but the increase was not 
large enough to rule out the possibility that it could 
have been a chance occurrence." 

3¢¢ll11l 0’ fill! uncertainty in the results, the S0- 
viets changed their appzoach in 1986 and began the 
randornscectionoi cloudstobeseedod_The 
evaluation of these randomized experiments involves 
the com arison oi‘ the amount of preci itation irom 
the seetlled clouds with the amount from the un- 
seeded clouds These ssperiments have not been 
under way long enough ior them to malts a definite 
conclusion about the effectiveness oi the ri- 
mots; however. preliminary results have notlgen 
particularly lflwtmglng-" Perhaps the most sig- 
niflcantaspeetofthesecsperimentsisthatthisis 
the first time the Soviets have been ltnown to use 
this technique. One oi the criticisms of the Soviet 
weather modification experiments tn the past has 
been the lack oi statistical controls for evaluation 
purposes. Randomization is a technique commonly 
used by Western scientists to establish such con- 
llvlst and recent iniormation indiartes that the So- 
Wets will be using it more in the iutura." 

Scientists involved in the Ukrainian experiments 
have subjected their data to analysis to determine 
whether or not the cloud seeding operations se- 
sulted in any dcsxease in precipitation downwind 
from the operating area." Several specialists in the 
Ield have postulated that such a decrease might 

occur, but the researchers in the Ulcraine turned up 
no detectable decrease. However, they have reported 
that e secondary maximum in precipitation down- 
wind imm the operating area seems to be indicated. 
This secondary maximum, if real. is quite small and 
probably will have little significance on the overall 
precipitation pattern produced by the cloud seeding 
operations. 

The only other brown sizable Soviet eliort to 
atr crtl precipitation is a pro'Lcct in northern Ka- 
sslfldtan under the control oi e Kazakh Scientific 
and Es rimsntal lydrometeornlogical Institute." 
This ail:-t apuparen y has been under way since 
about 1963, t little else is known about it. The 
tact that prac-‘tally nothing has been ‘published 
oonmming this stiort is unusual; it coui indicate 
that certain aspects oi the project are classified, or 
it might indicate that the operations there are being 
mnducted with little scientiilc analysis oi the re- 
sulis of the experiments. A re?nt:p:'ss report has m -ntioned another operation csi to augment 
prbcipitation in the Yaltutia ASSR. According to the 
"’l’°E 

5?. °?';."‘..'l"."l..'.i'Ii r§’§'l“'i.'§1,°.‘i§.°lZ'§’."$ ra n a s . 

clear from tho rebtzort zhueéher this was part of an established west r rn cation program or was 
carried out on an ed hoe basis." 

Cloud and fog dissipation 
Much oi the early eilort by the Soviets in weather 

modification apparently was devoted to the dissipa- 
tion oi supercooled log and clouds, which has par- 
ticular application for military and civil air opera- 
tions. This worlt proved the feasibility oi’ using cloud 
seeding techniques. Alter the ieasibllity was estab- 
lished, the maicr remaining problem was to develop 
reliable and economical techniques for dispersing 
the seeding agents. As early as 1058 the Soviets 
clsimodthattheywereusingdryiceonatleasta 
semi-operational basis to dissipate supercooled logs 
overairportstntheUSSlt.AtpresenttheSovictsop- 
erationslly clear supercooled logs at IO to 12 airports 
usingwground equipment that blows Islres oi O0, 
to a ight oi’ M meters. These deltas are produced 
from tanlss each containing 25 lrg of liquid $5 
inur tanlss are used to seed at 6-5 lrg per minute.‘ In 
the early rams the Soviets reported experiments 
on clearing large areas (up to so.ooo inn‘) oi super- 
cooled clouds. Successful opcrstaions oi’ this type 
could have considerable military potential for tee
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ticalair.land,andseaoperaiions,endareot'coo- 
eidereble scientific interest because the energy in- 
volved approaches that required to cause a sneas~ 
ureble perturbation in atmospheric circulation. No 
recent reference has been lound to an iurther op- 
erations involving large areas, elthou h at e recent 
meeting. Ye K. Fedorov, chiet‘ oi the Main Ad- 
ministration ol the Hydrorneteorologicel Service 
(CUGMS), stated that more Work should be done on large cloud systems.‘

. 

Worlr still continues in the USSR on supercooled 
cloud and log dispersal. but the snalor ellort oi 
Soviet scientists in this subleld has been diver-tad 
to the much more rplexing problem oi dissipating warm clouds and figs.‘ Warm clouds and logs are much more prevalent than supercooled types, and 
they are much less susceptible to modification.’ 'i“he 
Soviet warm cloud and log eiiort is led b the Main 
Geophysical Observatory in Leningrad, with the coo tion of the Central Aerological Observatory 
in glgoprudneye, the institute of Experimental 
Meteorology in Obntnslt, and the Ulrrainien Sci. 
entific Research Hydmmetcorologieal Institute |;; Kiev." Aug successful techniques developed tn wesrn clou and fog dispersal would have consid- 
erable military, civil, and scientific slgnlflcanq. 
The Soviet program ior modifyin warm clouds and logs generally has proceeded alofig lines similar 

to those oi’ Western countries that an active in the 
leld. The mag Soviet elloit has been devoted to 
detorntizigg feasibility oi’ using heat aourcea and of ing with hygroscopic or gurfactgnt M. 
teriels! " The available information indicate; that 
tlteiovietlhevenotyetacttledonanyoneteols. 
nique but that they are ltill searching for e workable 
method.‘ " 
Heat sources have been us.-ri u tout mm world War ll when the British deveiopsd the log in- 

vestigation dispersal operations (FIDO) aymm 
to dissipate warm logs over runways. The prin- 
ciple behind this method is that the addition oi 

H I: Ilrtels he 
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cent rate’: the droplets. 
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heat will result in the evagpration oi’ the log. The 
heat may be applied from low, as with the FIDO 

stern, or from above. The addition oi heat from 
bbove is a commonly observed naiuralihenorncnon 
when ground log is dissipated alter e sun rises 
in the morning. lnodprinciple, this process an be 
assisted and speed up by adding a heat absorb- 
ing material. such as carbon binds to the ii? Bl 
the log decl: thus increasing the absorption o the 
solar radiation. The addition oi heat to evaporate 
a warm log ta a proven technique, howevc, US 
studies to date have determined that it is only 
marginally cost elective. Nevertheless, at some lo- 

is ve revalent this method h f 
::auyonp:m‘:ac:r ifs‘ vvorthzbfie. The French have 
made the decision to install let aircraft engines 
underground alongside the runways at Orly Air- 
ileld to provide the necessary heat to dissipate warm 
has 

11~.er¢ it some evidence that the Soviets currently 
mmldtq the heat source technique to be the most 
practical, at least for situations where there is a 
re'quircmcnt for rapid iog dissipazifion as rniggt is r-quircd for eircralt operations -ayvorons 

3; t‘ Central ac:-olorgigall gbsprvatory ‘cites use 
ii or from core cecuations: or a warm 
io‘g“5O m ihiclt with a water content oi 0.1 gmIns', 
149 cal/tn‘ oi heat are required to dispern the 
log in 0.5 minute. To perform the same rate oi’ 
clearing witl|‘l1‘;;g:scopic' particles, bundrcds oi 
ldlograms 0! g material per second would 
be required qxvomnsldy further Saints out that 
the heating me od contributes lit e pollution to 
the atmosphere, is last acting; and is not do- 
pendent on the varying microp ysicel characteris- 
tics oi logs. lie concludes from this that thermal 
methods oi warm log dispersal should be given 
preference over others." 

Althou there has been some laboratory work 
rportsd the Sovietston hygroscopic and sur- lhllnl IIallQrI1|n lbann-Q an \--—— —'~~' ' 1 ""' 

that his laboratory work in this leld which lor- 
merly was unclnssilod has now been classified by 
the Soviet military." This indicates that tho puts- 

lllllllllo '
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5 sperimeotstion on the dirsipsuqs of 
alga-s and fogs very likely is under way 

Thereasorrsuchlltabhasbeenolasailed bythe Soviets is not entirely obvious. There is no ucstion that the development of a successful method to dis- sipate warm clouds and fog would hsve lmportgnl military implications, but otbercllypes d’ weather modification, which they do not assiiy, also have such implications. Warm cloud and in dissipation has the obvious potential for aircs-all tspcradons and many ground and sea battle situations. Other reasons for the classification could he that the So- viets have discovered a technique which they be; lieve to be superior to techniques under develop- ment by other countries or that its potential is greater than other sublelds of weather modification. 
in contrast to the general lacl: of irrfomstiosr on Soviet laid experiments on Warm cloud and fog dissipation, one Hold prolect to disperse fog Ovq Kola Bey has been reported rather freely. This prolect is under the direction of the Ukr-assign idea. 

tiflc llesear-ch liydrorneteorological Institute, and personnel from Kiev Stall University and the Mur- mansk Administration of the liydrometeosologioai Service also are involved." These e ants were started in the Winter of 1964-l95§x:mdetermine 
the feasibility of dispersing warm fogs ovq the hey 3 coverin the water surface with a monornolecular m of higher fatty alcohols. in theory, such a llm should reduce the evaporation from the water sur- face thereby cutting oil the moisture supply which is responsible for the formation of the fog. Although the Soviets have claimed some success with this technique, no spectacular results are apparent.‘ One interesting result the Soviets have reported 
fromtheseerperimentststhatwhen thewindsare stronger than 1 m/sec (about IS mph) the fllrss is destroyed.‘ Nevertheless, the Soviets have been successful in dissipating warm fog using these tech- niques when the proper conditions have existed- However, they have found that very large quantities of reagents are needed to clear large areas. Presently they are using lteroaene as a solvent for the fatty alcohol reagent, and this presents s problem when large quantitiu are involved. Consequently, the 

$5 
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Soviets are searching for other solvents which could 
beuecdforspreadinganeffectivellmonthe 
water." 

One laboratory esperirnent has been reprrted which has interesting possibilities if it proves to be successful lt was an attempt to coat the fog droplets 
rather than the sea surface with a monomolearlar llm of higher alcohols." if this technique were suc- 
cessful, it should reduce evaporation within the fog or cloud and thereby prolong rather than reduce 
the lifetime of the fog or clou The capability to prolong cloud or fog lifetime could be used in many 
tactical military situations, but there are few ob- 
vious sltuations where such a technique would have an economic application. This e-Iperlmetlt was roported at a 1966 conference in the Soviet Union and no further information has appeared. This could 
indicate that the Soviets have found the technique 
to be infeasible under natural conditions as op- 
posed to the laboratory conditions under which 
it was Brst tested with some reported success. On the other hand, it could also indicate that worl: has continued but has been classiiled because of military 
implications. 

Severe storm modification 
The Soviets have reported no experiments to modify large severe stonns comparable with the US STOIIMFUHY proloot, which is designed to study the effects of modification techniques on 

hurricanes. However, the Soviets have conducted numerous erporiments on individual cumulus clouds and some on fully developed thunderstorms. Thus experiments in general have been designed to stop the growth of the cumulus clouds before they reach the thunderstorm stage or, in the case of the espri- ments on cumulonimbus clouds, to reduce the efiecta 
after the thunderstorm stage has been reached. in one set of erperiments, the Soviets have attempted 
to produce the opposite elect; that is. to induce the growth of smell cumulus clotrds into mature attun- 
lonlmbus clouds Such etperimenta, If successful, would have application both for military and dvil 
operations. The ability to prevent sevre thundc- 
storms would be useful for protecting vulnerable 
military equipment such as aircraft or missiles and for protecting elpoeod personnel. 'l'bc ability to pro- duce thunderstorms could be used as an otlensive weapon in tactical situations. 
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scientists under the leadershi of 
erologicai Observatory is ootduct- 

tal leld program in the Ceor~ 
ta rapidly growing cumulus 
da This prolect is designed 

to dest ascending curranu within the cloud 
andtochangethenstodescendingcurrents.'i"he 
downwardrnotionvtopsthevesticalgrowthofthe 
cloud and, if it continues long enough, will result 
eventually in the destruction of the cloud.'"' in 
theaeezperisnentsthesovietshsveseededthegrow 
ing cumulus clouds with insolusbie particles of 8 to 80 microns. Difierent seeding agents have been 
tested but clay and cernent have been the most commonly used. In some of the later experiments 
a CuO powder also has been tested. The seeding 
agent is dispensed in fairly large quantities (up to 50 lag have been used) from an IL-28 let airaaft. The material is elected into the cloud where upward 
motion is the greatest; tests have been conducted 
on clouds oi up to 10 hn in vertical extent." Ac 
cording to recent information, the Soviets have con- 
ducted experiment of this type on Bill cumulus 
clouds and on 85 cumulonimbus clouds which had 
reached the thunderstorm stage" The Soviets claim 
that elects from the seeding were observable on 82 
of the 68 experiments on cumulonimbus clouds, and 
almost all oi the cumulus clouds showed an elect." 
Thelrstedectusuallyohservedeftes-seedingwes 

a noticeable darkening of the cloud followed by 
lamination and evaporation. Precipitation often was 
noted falling from the cloud following the seeding. 
but this usually was very light and in many cases 
evaporated before reaching the ground. in the 
mslority of cases reported. complete dissipation 
oflhecumuluscloudoccusredinilfltoillminutes. 
although remnants of middle or high level douds 
often persisted" To minimize the possibilities that 
these effects could have occurred naturally, the 
Soviets have conducted all the elperiments between RID and 1% hrs local time when convection 
normally is at its greatest They also have observed 
the behavior of untreated clouds in the vicinity of 
operations to determine whether any of these dis- 
slpated naturally. Visual and lfiilirummted obscu- 
tions of the results oithese experiments have been 
carried out from an IL-N aircraft and by pound- 
based radars." Apparently no attempt has been made up to the present to randomize the espri- 
ments. and it is therefore diilicult to fudge the trus- 
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crfliuuy oi the wuslt. llowcver, the results repssmd 
Q“; “tin-1 l|nts|‘r='iaiVn and indicate that the Sam»-ts 
luvs.’ lmsrtt able lo dissipate at least some c~uu.ulns 
aml unnnluuimhus ssluuds under proper flmililunis. 
Anutlm pmject. similar in pdnciple but sin-tlltr 

in magnitude and using diiierent tochn‘que., us 
M1,,“ ,,,,,»,1,,,d ant by personnel from the instunie 
oi l'Iaps~r'itr|r|ttal Meteorology. This prolect also is 
diwsrioil iuwtsrd the dissipation of uunulus cit-unis 
by creating mificial duwndrafts, but airuuit im 
are used instead oi cloud seeding agents" let nit- ugh ‘lg fluwn through the clouds at high pnoh 
singles, thereby directing their let dcwnuunl 
through the cloud. Nine experiments of this lypm 
have been rcporlctl, and in ail cases some t!llsaI‘l 

was noted. Acumling to the Soviet report, the t"-lOu(l.t' 
eitlnr sxu|‘iplt'tcl)' dissipated. brolw into time or 
canted their vertical growth. The opvrations urrr 
curried out 0n uuuulus clouds ranging from 5 to ti 
ltm in vt.'r‘iii..~n] extent." Although positive res'.|lis 
were rqxrvrtctl from these experiments, the neces .ity 
of flying the aircraft through the clouds probably 
will limit the usclullsesl of this technique tn re 

considerable degree. 

The same cspesirnt-uh-rs together with personnel 
from the Sm; Scit'Itlillc Research institute of Civil 
Aviation have icstccl the feasibility of using let air-~ 
cult engines on the ground to create artificial up- 
drssfts in an attempt to stimulate the growth ui 
cumulus clouds into cumulonimbus clouds. During; 
dry weather in the summer, cumulus clouds Oliirn 
will form but will be prevented from developing 
into cumulonimbus clouds by a temperature in- 
verslcm nt some level in lhe free etmorphere. in 
theory, if an ascending current could be lrfiducrsl 
that could penetrate this inversion, the cloud might 
continue to grow and eventually to produce rain. 
An analysis of several years’ data showed that iii 
percent of the summer inversions over Moscow 
could be penetrated in this manner, and in lfltfi’ 
an experimental apparatus was set up near Borispol 
Four let engines was loined so that their exhaust 
lets all fed into one vertimlly directed vent. 'i\renty 
experiments were carried out to test the technique-. 
in most cases the Soviets reported that small cu~ 
mulus clouds were formed over the 
ease where natural clouds were alrea 
they gt-nr-rally became larger in eiu, 
cases the clouds darisened at the base 
aionally produced rain. According to Sos 
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theyplantooontinuetheseeeper-imen 
thenumberolietengloes 
Theeeresultsreported 
Ilfllflttlltb 
Iiccalecstc 
tuelconeum 
marginal at 
I-lowever, 
Iriiamendrhe 
techniqueiilurthc 
bemilitarilyuselul - 

Related researi 
DIIPRO I50 relatively ll-fie weeihq usodllqflnes 

researchellortthathasbeenoarriedoutovqe 
number oi’ years, there are still several questions 
relating to the basic physics oi clouds and precipita- 
tion that are still not completely undq-mud, 09¢- 
ol the unresolved microphyeical problems oi cloud "4 lI"°|Pl"5°B processes concerns the initial 
stages Of rain formation through mgleacang Q! 
water droplets. A requirement for ralgtively simple, 
reliable lold instrumentation for mcarurlng the cott- 
cmtrations of atmospheric ice nueld still has to 
he met. Further, much worl: needs to he done on 
measuring and reproducing in tnllhematical pedal; 
the atmospheric motions in and around clouds" 
The3ovlets haverecognllsdtheuneolved proh- 

lama ll basic cloud and prodpll-atlon phyeiq, and 
they have conducted an active research program 
ffllttllyyll-l'lllIlbIllt'-I-li\‘g:g|e|\I,l\q\wgy', 
it appears that the Soviets lag United ltates 
inthesetheoreticelarpectaofthelrresearoh."l‘he 
Soviets have acimmvledged that they are wealm 
tntheharioreaearchthaninthsetperimentalworh. 
andYe.I-l'edor:'vJ:;su‘s:atedthatoneolhisoh- 
leetivesistortren tporticncitheprogram 

the tmtleretantllng I the phyelq of Wu 
Soviets have relied heavily on cloud ghgrgp 

beeeltoollesebaalodataforthelrmltrophyelsnl 
studio on clouds The Institute of Iieperimntal 
Meteorology at Oboinsh has at its disposal three 
lergeclotrdohamhes-s,twowithavolmm¢;l1m|||I 
andonewtthavolunseoi3.,Ilier'."\11\elarter 
charnberisoneotthelargest_iniheworld.andnne 
oi tte advantages is that it allows larger volumes 
oteloudstoheetudied.'|‘bel8-mhdghtotthis 
chamherelsoallowstheiovietstoltudytheelects 

qua 
eotiveness. 

ctor tor a military 
llnue MD on this 
cates that it may 

*5? 
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oi seeding nuclei on the water droplets as the nuclei 
lall down through the ertilcial cloud. A distinct 
disadvantage of the chamber is that the tempcature 
can be regulated only between ll‘ and 0°C, and 
thepressuremnheregulatedonlyhetweenhfi 
and 1.8 aim." Although these restrictions an not 
very serious for the study cl low-level clouds, they 
areuorenllmhigherlevelolouds.‘l1:ischarnbee 
is highly instrummted to collect micophysioal 
datalrom theartilclal clouds oontaioedinit.One 
impressive instrument used on this chamber is a 
photoelectric sensor which measures the drop ates 
distribution in the air that is Iuoneled peat the 
counter.'l'hlsinrt:-umentcanhesettomearure 
particles in increments oi 4-micron steps, the small- 
est being I microns." 
The two smaller cloud chambers at the Institute 

oi Experimental Meteorology are much more vase- 
tile than the larger chambl. These cloud chamhere 
are designed so that the temperature can he regu- 
lated between -I0‘ and ll'C, and the pressure can 
bc regulated from 0-05 to 8.0 stat." Thus thus 
chambers provide for a more nearly real etmorphce 
than the larger lacillty and for most research they 
may he more useful The Soviets are building a U0 m‘ cloud chamber at the Institute of Geophysics 
under the Georgian Academy oi Sciences.‘ ‘this 
chamber will have the capability of reaching tem- 
rretures as low as -40'O but its pressure cape- 
ilityirnnthoo~vn.l‘reset~tplaruaretoinstr\rrrtes~° 

this laciligrith optical lasers and a 1-om radar to 

are u ta at 
""‘;“'..§ ...t"i°"'“"§,...°°‘2i.'“'.i‘.§.“’.§11°‘t1’." 

lent research la vi when complet somewhat estiona le whether the 
institute W01“ he oapshle of utilizing it 
extent." 

‘lhe Soviets have also hem actively investigating 
the microplmicel properties oi clouds using instru- 
mented alreralt and radar. This types otinvestigm 
ttnns are necessary tn supplement the cloud dtemhc 
studies heoause. no matter how sophisticated a cloud 
charnbl it It ll lrnpossihle to duplicate all the 
processes and interactions found in the real at- 
mosphere instrumented eiruelt, which traditionally 
have hscn widely need for collecting miaophyeial 
data.areatilluaed.butmodernredaraarenow 
melting It Pfllllhle to collect much of this date 
indirectly. Aircraft measurements ruler from several 
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limitations among which azthadiladflesbiaiyiq throu|h convective-type ggd in 
developing instruments that will tnafeuacousate 
nseasnrunentsoltheneceasasypamnetn-a 

loviett:.ve‘lo|Innttoirl:darei¢thesep|n'pcsee 
l¢°"'lnY Qlilcewi Weetcndeveiopments. 
Theyhavedonaegteatdealoiworhwithdual 
l'equenoyradarlt3-and10-qgsndarsareused 
eatenaivelyinthehail 
uiminstehetweut 
tionlromthetwo 
sole, which then 
between therel 
wavelonitlu on 
"“*'~:n; 
diiierencing qu is very accurate in discrimi- 
nating hetvleen those clouds which produce hail and 
thcsewhichdonot.'l1teyalsousethedual€re- 
quenq technique to determine the intensity cl pre- 
cipitation. in this ca.se they use wavelengths oi 0.86 
and3.lcm.8ymeasuringthedilarencesinrelec- 
tivity and absorption in these two wavelengths, the 
iovletsclaimthattheyareahletocvarcomethe 
problems oi variahle drop sizes in the cloud, which 
malts such measurements on single irequenq radars 
di8cult." The Soviet capahilitiq tot pmnasslnl 
the dual frequency radar Information in real time 
are impressive, and it appears that this technique 
shonldhensehtliorstudiesololoudsaodptecifi 
taticn." ‘lhe loviets also use radar methods 
other nticrophyrical measurements oi clouds, and 
it appearsthattheiruseoiradarandradsrmocess- 
in; equipment for these studies will he expanded.‘ 
The Soviets also are actively engaged 1|; ~33‘. 

nuoleireseat-nh.Att1:e°£resenttimatheyeeqneo 
iavortheusecileed dqprohahlyhecanseith 
Mill! Mfllhll to then-' " ‘the United ltstes 
Iavose theuseofsilveriodideovesleadiodidehe- 
cause U8 techniques icr crystallization live not 
worked well with lead iodide. llcwevl, l appears 
to wort satisfactorily with lcviet pyntechnie 
methods.‘ 'i‘he Soviets have etwressed 
about the toxic dents ol lead 
tested many other suhstancas 
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522% 2
2 fie ~w»1:~:: ~-:2" eu on nucai tc'n£=muL ‘ mm mm copper sulltle IN Pd‘ 

uq an wt.‘ iodide. Otjanlo mates-tats, hypo- 
ecopic nuclei, and various insoluble materials are 
also heina investillted intensively» P""°"l"l¥ bi’ 
use on nonsupercooled clouds and 508% 

C:iiMA‘I'I MODIFICATION 
‘lhelovie-ishaveshownanintwestinolimate 

modification for manmieate. This interest probably 
is partly due to the svorahie climate which pse- 
vails over much oi the USSR. In addition a success- 
lul climate modification technique could have con- 
siderahle significance for hoth tactical and strategic 
military o stiona hiany schemes have heen pro- 
posed in ts‘-iioviet Union for melting the Arctic ice 
and thus moderating the average temperatures oi 
thenoflhqn ureas0ltho0O\lfllI‘y.OneOltho0ldIt 
andhatlmcwnp-opoaalslsthatol’!.M.lcrlsov, 
who has advocated damrcinl the Bering itralt. 
lorisov’s concept is to pump water from the Arctic 

dam into the Pacific Ocean. This, 
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Atlantic Ocean - 

ice- tually melt the 
the Arctic Oucan 
three years, and 
return horiscv, an aims 
is technically leaslhlfi entilc 
Main Geoph steal Ohearvetoty tend to 
claim that Ice would not re-form 
melted. Hczevzl l- Iudyhflthu 

ain ysi hllwa . 

that himdies show that ma»; the 
could 

hex. 
silver: get-ts onnthe 

tern sane U888. Despite 
in|,P::rieov periodically revives his p 
dammln| the lerllfl ltrnlt. 
Althouah the Soviets have apparently approached 

the propcaal ice llrll-scale melting ol the ice in 
the Arctic with caution, they have developed and 
uecl other techniques for melting ice on a Inallee 
acals.Onotechniquewhichtheyhave\nedler 
manyyeanistohlechenthesuriaceoltheice 
tnintseasetheamotmtolsolarenarflaheuhedhy 
the surface. The Soviets . , parently have concluded 
that this technique is feasible, although some tech-
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Ocean througha 
in turn, would draw the warmer watc 
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