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oy, Weather modification s directed toward chmﬂng meteorological
RS Ebenomem for a short period of time usually over relatively small areas. R
) limate modification Is dlrected toward changing metearological phe- «
1 nomena over & long period of time usually over s large ares. Almost
sll weather madification techniques can be applied to some type of

! military og;rlﬂon. Many have signiticant economic applications. Suc-
T, cessful techniques to increase precipitation or to dissipate severe storms
" would benefit 8 country’s economy considerably and could also support

. mﬂlmz‘opendom. Techniques to dissipats or enhance fog and cloud
& | could have Important military applications, particularly for tactical
3 enations. Even greater military and economic, as well as political, bcngg;
T could be derived from & successful method of modifying the climats.
Y This report discusses Soviet rogress in weather and climate modifi.
- cation. basic research such as cloud ph {s also con-
r |
2% . This report, which updates an earlier study on westher and climate
o modification published in August 1085, has been prepared by the Office
. of Scientific ln!ewim and coordinated with the Directorate of Intelli-
8 gence. The cutoff date of information used Is October 1909

g s

Approved for Release: 2018/01/30 C00042134



1 O N T RTRTE I ¥ TYCTRY AN Y

Tresmesso % Approved for Release: 2018/01/30 C00042134

e
o

. CONTENTS
'} PREFACE ... W
3 PROBLEM .. . o 1
kI CONCLUSIONS ..... .........coooiiiiiniiiiininiaeinnes 1
. SUMMARY ... ... ... ... s
‘
W3 DISCUSSION ... . i, 3
i
o Ovenall weather modificatfo program .. ... .........o.enns 3
D Hall suppression . ........oo oot 3
s Precipitation augmentation . ...................ocoeiiian. 8
;; Cloud and fog dissipation .................c.cocoveneennn. 6
v, Smlformmodlﬂcwoa...... .......................... 8
; Related resonarch . ... ... . .. . i 10

4
Climats modification ..... ...... s 11
@ UNCLASSIFIED REFERENCES . ................ccevvunnnn. 13
w2

-~

Fon
~

T e T e
.‘-‘-&l{'?
.

™ T N
[ ]

Nt

Lo

e
\‘l"

Approved for Release: 2018/01/30 C00042134



= " "Approved for Release: 2018/01/30 C00042134 """ """

STATUS AND TRENDS OF THE SOVIET WEATHER AND
CLIMATE MODIFICATION PROGRAM

PROBLEM

To determine the status and trends of Soviet rescarch and develop-
ment {n weather and climate mp'dlﬂaﬂon.

CONCLUSIONS

L. The Sovists have malntained a very large
weather modification R&D ofrognm for a number of
years but, despite the size of this program, they have
contributed no significant or unique advances to the
understanding of the phenomena tnvolved. In cer-
tain Instances the Soviets have been quicker than
tho Unlmmu to introduce new weather modii-
cation ves into operational servics. Their
cllmatcmodlgatioupmpmhltﬂllnlbom-
ceptual or basic research stage as is the case in
other countries.

L The Sovist weather modification program is
well organized and spparently has high-level cen-
tralized direction. The Soviets have concentrated
their RAD efforts n subBelds they judge to offer
tbomon‘Ewnh for military and economic pur-
poses. In the 1050s this concentration was on super-
cooled fog and clond dissipation techniques, which
became operational sbout 1060. In the 1080s the
Soviets concentrated their RAD efforts on hall sup-
pression techniques.

3. The Soviets have conducted no known feld
experiments In climate modification. Conservatism
is <:=tated by their inability to predict what eficets

SV
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X1 ot .

such experiinents might have In geographical aress
outside the experimenta! area. The Soviets are work-
ing on mathematical models of the atmosphers to
assist them in predicting thess effects but their
progress has been hindered by the inadequacy of
their computers.

4 The concentrated Soviet effort of the past 10
years in hail suppression has progressed to the semi-
operational stage and the benefit-to-cost ratio ap-
pesrs to be about § to L. Some scientific resources
used in this developmental effort probably will now
be diverted to other weather modification subfields.
The most likely subfields for new Soviet R&D ap-
pear to bs warm fog and cloud modification and/cr
modification of larger weather systems. Some in-
cream in the precipitation sugmentation effort also
ssems possible.

8. Although most of the Soviet weather modifica-
tion program appears to be unclassified, there is
v.idence of classified RAD in warm cloud and fog
modification. Such modification techniquos could
have immediate military applications for offensive
and defensive tactical operations.
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SUMMARY

The major Soviet weather modification eflort in
the 10508 was on supercooled fog and cloud dis-
ﬂnﬁon. This eflort culminated in the development

8 technique for clearing of supercooled
fog; a semioperational status was reached in the late
18505, several years befors the United States began

8 similar operational program, :

After the fog dissipation pro frum the
R&D to the operational mv.]e:t E;:d rtion of
the Saviet scientific resources was diverted to attack-
ing the problem of mpi-reulng the number of
occurencer and severity of hallstorms in the USSR.
An experimental research ares was established in
& grape-growing section of the Caucasus In the mid-
18505 and experiments began on a large scale about
1960. The motivation behind this program probably
was to a large extent the polential economlic bene-
Bts to agriculture, but 8 method for dissinating or
preventing hailstorms could also have mduuy ]
plications, particularly for protecting vulnerahle
equipment such as aircraft and missiles.

The Soviet hall dissipation experiments have pro-
systematically through the past 10 yean.

ince the Soviets first established the feasibility for
modifying haflstorms, they have concentrated on
conducting these experiments over different types
of terraln, on developing a means for introducing
reagents into the clouds, and on Improving various
related techniques. According to the Soviet theory,
the time wddphcc that t}1 reagent 1s introduced
into the cloud is critical. The use of aircraft was
]udﬁ:d to be inadequate and antiaircraft artillery
she and rockets were developed for this purpose

The Soviets claim that their hal suppression re-
search program bas been complete'y successful. The
official Soviet estimate of the benefits versus cost
ratio {s about 5 to 1 and this estimate probebly is
eccurate. In 1007 the Sovist government made the
decision to these uperations to all areas of
the country subject to significant hafl damage, and
it now appears that they consider this program to
be at least semioperational and no longer experi-
mental

Becanse the Soviets Lave emphasized supercooled
fog and cloud dissipation and hall suppression over

the past 15 to 20 years, they have 'ﬂ: relatively
less effort Into other subfields of wea modifics-
tion than has the United States. These subfields in-
clude precipitation sugmentation and warm fog
and cloud Emlpluon. th of which could have
significant economic or military value If techniques
are perfocted. The Soviets maintain only one known
sizeable 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.

Based on open sources, it appears that Soviet ex-
perimental rescarch on warm. fog and cloud dissipa-
tion Is in the initial stage, although there is evidence
that at least one classiied project was begun a few
years ago. One unclassified project is an attempt to
prevent fog from forming over the Kola Bay by
covering the bay surface with a monomolecular flm
that reduces the rate of evaporation. A recent in-
crease in Soviet basic research on hygroscopic nuclef
may indicate that experimental research on warm
fog and cloud dlMﬁ:::u using such nuclel will
reccive greater emp

Soviet experiinentation on severe storms and
modification of large weather systems also Is in its
beginning stages and the Soviets have no known
projects which compars in size or complexity with

the US STORMFURY project to modify hurricanes.
Current Soviet work on severe storms appears to be

confined to esperiments on individual cumulus
clcuds and thunderstorms. Some success has been

reported In dissipating thunderstorms, but the so-
viets need more data (o make s Bnal evaluation of
the results. No information is available on recent
Soviet experiments on largs weather systems, but
it appeary that such work 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 ios.
The well-known proposal by P. M. Borisov to dam
the Bering Stralt {s directed to this end but Soviet
scientists have warned that melting the Arctic jce
could have harmful effects on the climate in other
sreas of the world. The uncertainty of these effects
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probably has kept field sxperimentation to s mini-
mum. Current basic Soviet research on the develop-
ment of realistic mathematical mudels of the atmos-
phers could greatly assist in predicting effects over
the entire Northem Hemisphers. 'IL BESM -8,
probably the best con?um avallable for testing
these models, s not adequats for performing the
ounples computations In olved, although even the
most advanced computers ars not completsly ade-
quate for this job. '

The Soviets are actively engaged in research on
the microphysics of clouds and precipitation in sup-
port of weather modificstion. They are paiucularly
active in laboratory studies involving cloud cham-
bers. They also have boen imaginative in applying
radar to cloud research and precipitation studies.
Soviet sdministrators of the weather modification
program have stated that there is a need for inten-

sifying these basic studies.

DISCUSSION

OVERALL WEATHER MODIFICATION
PROGRAM

The Soviets have malntained s largs weather
modification program for about 20 years. In terms
of numbers ! tnvolved, it probably is the
largest in the world. It appears that the Soviets
maintain & much larger Beld experimental P
than the United States but that their related basic
research eflort is smaller.! Consequently, the Soviets
x:cnﬂy have been quicker to test weather modl-

ton techuiques in the field than has the United
Statss.

The Soviets lp‘)ﬂl to have a well-organized pro-

u'd};‘y‘hd;];. dlrectionba'f the program fs In-

cs ] ta to channe! eflorts
blekd, Thus v

into particular su Thus very intense work s
carried out until & technique (s octed to the
potint that ft can be used operati or semiopers-

tionally. At that tims, scientific resources are di-
verted to another subfleld. As an example, a large

Soviet effort in dissipating led fogs and
clouds was spparent in the middle and late 1850s.
When this que was developed to the point

tion of effort was shift hall suppression, where
it has been since the 10008, decision as
to which subfleld to concentrate the effart must be
made at high levels anchmbobly is based on o
combination of factors, such as which areas ap

to be the most promising and which have the mast
military and economic potential.

It is evident from the published literaturs that
the overall westher modification program In the
USSR underwent s considerable expansion in 1060

that it could be nsed rﬂm!ly, the concentra-
to
sarly

1064, with a steady but slower growth rate since
then.* Howevar, this expansion may have been more
apparent than real because a general declassifica-
tion of the p in the late 1850s may have re-
sulted in an Increase In published asticles. Never.
theless, thers is no question that the Soviet weather
mudification efforts have been increasing and
robably will continue to do so. Further, high-level
viet officials have indicated that the future pro-
gram probably will have a better balance between
thearetical research and field experimentation.!

Hall suppression

The Soviets have continued to expand their ac-
tivities in hail suppression over the past 5 yean.
This effort, which in 1950 as s rather small
experimental effort in the Caucasus Mountains near
Mt Elbrus, has now expanded to include areas of
the republics of C:T" Moldavia, Tadzhikistan,
Ulkraine, Armenia Uzbeldstan. Recently s co-
operative ha{l s -pression roro]ect has also been ini-
tiated with Bulgaria.! The long time period and the
number of ¢speriments conducted probably bave
given the doviets more ence in this ares of
weather modification than any other country.

The Soviet government made the decision in 1087
to expand the hall suppression operations to include
eventually all areas of the USSR that are subject
to significant hafl damage.® This decision leaves little
doubt that Soviet officlals ars convinced that the
method effectively reduces the minount of damaging
hafl which falls, but thers appears to be some ques-
tion as to the exact amount that hall damage is re-
duced. G. K. Sulakvelidze, who leads the hail sup-

-
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peession effort in the Caucasus and who Is one of
the most enthusiastic pro ts of the method,
claims & benefit-to-cost ratio of about 17 to 1. The
official Hydrometeorological Service estimate of the
benefit-to-cost ratio appears to be slout § to 1.0
The mors conservative estimate probably {s closer
to the true valus. Part of the discrepancy between
thesc Agures probably is dus to dl;e::nt methods
of Bguring the cust of the program. It is not enlirely
clear how the cost of flems as guns, rockets,
ammunition, and radars are figured into the cost of

the program since some of this equipment o
to be military lus mtarhl.'.? The beuc%‘:s“:f

the program are calculated on the basis of insurance
claims ior the protected areas compared with claims
for adjacent unprotected areas.!

The size of the hall suppression program in the
USSR indicates that it has passed from a strictly
experimental program into at least a semioperational

It is not likely that the Soviet gaverninent
would decide to expand a strictly experimental pro-
gram into all hail-affected areas of the country.
Nevertheless, the fact that a control area i almost
invariably established alongside a protected area
indicates that the Soviets do not consider the pro-
gram to be entirely operational at present, and they
are still interested in obtaining experimental data.

The principle behind the Soviet hall suppression
efforts is that certaln portions of well-developed
convective clouds often have large accumulations
of molsture in a liquid supercooled stats. The ice

cles which form as a result of the natural freez-
ing of droplets falling through these areas grow
rapidly and are transformed into hailstones. The
Saviet theory states that by injecting s large num-
ber of artifical crystallization nuclei into the cloud,
the nuclel can convert the region of high, super-
cooled water content (nto small ice crystals, thereby
eliminating the large supply of supercooled water
which is necessary for the formation of haflstones.*

According to the Soviet theory, the artiicial nucle
must be infected into the portion of the clond which
has the high supercooled water content and they
must be placed there before the hallstones can grow
to a large sizs. Soviet observations and computations
show that large hallstones can be formed in a matter
of 8 to 10 minutes after the hall forming process

begins.*

The Sovicts rely heavily on mdar to determine
where they want to seed the clouds.®® Their experi-
ence has shown that the redar reflectivity undergoes
a perceptible change in the ares of the cloud w
the hall formation is beginning. Either rockets or
100-mm antiaircraft artillery are used to deliver the
seeding agents to the cloud, and both deliv.y sys-
tems are tied into radar control points. Based on the
military precision with which they operate, the gun
crews ap, to be either military personnel or
civilians who have had extensive training with the

- guns.? The shells normally are loaded with a lead

fodide reagent, and a timing device is used to ex-
plode the shell at a preselected point in the tra-
jectory. The rockets are equipped with two timing
devices: one to set the time of buming of the
reagent and the other to set the time for parachute
deployment.? Possible danger to the local population
from antiaircraft shell fragmenty or from rockets
landing in a populated area does not seem to ocon-
cern the Soviets greatly. They claim that the shells
fragment completely and that {t {s rare to find a
ivco as large as | gram on the ground.® The danger
m the rockets is minimiced by the use of pars-
chutes, and the rocket sites are established in rela-
tively unpopulated areas. Rocket frings must be
coordinated with civil and military aircraft author-
ties, who have veto power aver rocket fArings.'®

There s a cerlain d of rivalry between the
groups using guns and using rockets, but thers
is no evidence that the Soviet decision makers have
any Intention of adopting only one delivery method.
The rockets used in the program have und
continued improvement gh the years and the
Soviels presently are using a multiple rocket
lsuncher capable of firing four rockets simulta-
neously. These rockets are approximately § ft. long
undhavocnnpofubwt!kmﬂnmhrg:
Alazan{ rocket is now in its final test phase. It
a launcher capable of simultaneously launching
scveral rockets in different directions.*

Each delivery system has certain advantages and
disadvantages. The antialreraft artillery can deliver
a shell to a particular spot in the cloud with rela-
tively good accuracy. When the shell explodes, &
large number of nuclei are then released in a rela-
tively small volume. A large storm would require a
large number of Rrings to seed it completely. In one
operation ohserved by Western scientists, about 200
rounds wers fired to seed one storm.® The rockets
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spparently also schieve good accuracy and
have the ability to deliver the nuclel over s m
siderable volume of the cloud. The number of nuclel
del(vcndpann(tw!umohnotuhl;hulnﬂn
case of the shells, but the rockets are somewhat mare
versatile in that they can be set to eject the nuclei
oither in & horizontal trajectory through the cloud
or vertically as the rocket descends through the
cloud by parachuts.!

The hatl mprmlon expedition located near Kor-
meshta in Moldavia appears to be the most sci-
sutifically ariented group of its kind in the USSR.
The Mo Wdon Is under the leadership
of 1.1.Ca y of the Centra! Asrological Ob-
servatory. Although all the hail suppression groups
study the result their efforts have on crop damage
by hall, only the Moldavian expedition apparen
has made any study of the eflecty their operations
have had on precipitation in the area of operations.
Cayvoronskiy's statistics, based on 10 yean of ob-
servation, tend to show that his operations have had
little effect on precipitation in the ares."

The overall Soviet hail suppression program is o
large, Impressive effort which seemy to dominate the
entire Soviet weather modification program.? The
Soviets have developed effective detl‘lvcry systems
and have a well-coordinated program. The primary
benefit of hall modification is, as the Soviets have
stated, for the protcetion of crops. However, the
sbility to dissipate hall storms could slso be used
by the military to protect personnel and certain
valuable equipment. The Soviet use of lead lodide
as a seeding agent may be somewhat less efficient
than silver lodide, but is not & serfous limitation

to the program.

Precipitation augmentation

Precipitation lurmenhﬁon. s subfield of weather
modification popularly referred 1o as rain-making,
has received a large percentage of the total weather
modification budget in the United States. In the

USSR, however, this subfield has received consid-
erably less effort than that of hall suppression, and
there is some Indication that It is not receiving un-
qualified support at the top administrative levels.
One reason may be the bellef, expressed by some
Saviet officials, that the Increase In precipitation
produced by cloud seeding has not been greal
enough to make It economically feasible on o large

scale.? Another le explanation is that the So-
vists may hrve decided to concuntrate their re-
sources on hail suppression because the economic
benefits wers more clsar cut. Some Soviet scientific
resources allotted to hall suppresrion could be di-
verted (0 nther areas of weather modification, such
as procipitation augmentation, as the hafl suppres-
sion opurations bocome less experimental and more
operational. In any case, thers is little duubt that
the Soviets that even a small increase in
precipitation at the right time and place can have
considerable economic benefits. Military benefits
from precipitation sugmentation are less clear cut
but certain tactical operations could derive some
marginal benefits from such & program.

The largest Soviet weather modification effort to
increass precipitation is a joint eflort between the
Ukminian Hydrometeorological Research Institute’
st Kiev and the Main Geophysical Observatory at
Leningrad* This project was established in 1958
and cloud seeding with dry ice has been carried
out continuously since 1850.* ¥ The Ukrainjan ex-
periments have been conducted using two IL-14
aircraft for dispensing dry ics Into the clouds.

In setting up this operation, the Soviets sstab-
lished two areas of equal size (3,750 km®) separated
by a distance of 30 km. All the cloud seeding experi-
ments have boen conducted in the eastemn area,
and the western ares has been used as a control area.
Operating tn this manner, the Soviets are able to
avoid connmlmm:g the control area with seeding
nuclel becsuse of the prevailing westerly winds in
the area. The Soviets set up a dense network of rain
guages in the two arcas (one per every 10-12 km?)
to make Bne-scale measurements of natural precipi-
tation {n the contro! area and of that from cloud
seeding in the operating ares. The experimental
ares ls also Instrumented with two radar installa.
tions to observe areas of precipitation and to track
and control the alrcraft doing the seeding.’?

The Soviets have seeded stratus and stratocumulus
sir mass clouds as well as frontal-type clouds in the
Ukralnian operations. They have reported about a
10 percent Increase in precipitstion amounts when
operating on winter air mass clouds. However, the
scientists Involved do not consider this a very sig-
nificant increase because the total water content of
thess clouds is very rmall in the Arst place.! They
claim to have been more successful when operating
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on frontal-type clouds, with some claiming as much
a3 & 20 to £5 percent increase while others, only
about 15 percent.! ¥ If this magnitude of precipita-
tion augmentation could be achieved for all frontal
cloud situations, it could be quite significant. How-
over, the Soviets have determined that only about
50 percent of the winter frontal-type clouds are fa-
vorable for seeding.1?

Since 1060 the Ukralnian expedition has also
systematically seeded summer cumulus clouds. From
1960 to 1068 the Soviets seeded when possible all
clouds which exceed 23 km in depth and whose
temperaturs at cloud top was lowsr than —8° C.
These parameters had been established, through

revious Soviet investigations, as belng necessary
favorable seeding conditions. The amount of
precipitation which ?ell over the operational ares
was then com with the amount which fell
over the control ares to determine the efectiveness
of the experiments. The rosults showed some in-
crease {n the seeded area, but the increase was not
large enough to rule out the possibility that it could
have been a chance occurrence. !

Because of this uncertainty in the results, the So-
viets changed their approach in 1668 and began the
random selection of the clouds to be seeded. The
evaluation of these randomlzed experiments involves
the zomparison of the amount of precipitation from
the ed clouds with the amount from the un-
seoded clouds. These experiments have not been
under way long enough for them to make » definite
conclusion about the effectiveness of the ri-
ments; however, preliminary results have no:lgcn
particularly encouraging.* Perhaps the most sig-
nificant of these ents is that this is
the first time the Soviets have been known to us:
this technigue. One of the criticisms of the Saviel
weather modification experiments in the past has
been the lack of statistical controls for evaluation
purposes. Randomization {s a technique commonly
used by Western sclentists to establish such con-
trols, and recent Information indicates that the So-
viets will be using it more in the future.®

Scientists involved In the Ukrainian experiments
have subjected their data to analysis to dotermine
whether or not the cloud seeding operations re-
sulted in any decreass in precipitation downwind
from the operating area.' Sevcral specialists in the
fleld have postulated that such a decrease might

occur, but the researchers in the Ukraine turned up
no detectable docrease. Howover, they have reported
that s secondary maximum in precipitation down.
wind from the operating area seems (o be indicated.
This sccondary maximum, if real, is quite small and
probably will have little significance on the overall
precipitation pattern produccd by the cloud seeding

operations.

The only other known sizable Soviet eflort tc
augment precipitation is a projoct in northern Ka-
zakhstan under the control of the Kazakh Scientific
and Experimental Hydrometeorological Institute.’
This cl}:rt apparently has been under way since
about 1063, hut little else is known sbout it The
fact that practically nothing has been published
conosrning this «fort {s unusual; it could indicate
that certaln aspects of the project are classified, or
it might indicate that the operations there are being
conducted with little scientific analysis of the re-
sults of the experiments. A recent press report has
mentioned another operation designed to augment
precipitation in the Yakutia ASSR. According to the
report, an experiment was conducted to produce
rain in the area of s forest fire; however, ft is not
clear from the report whether this was part of an
established weather modification program or was
carried out on an ad hoc basis.'®

Cloud and fog dissipation

Much of the early eflort by the Soviets in weather
modification apparently was devoted to the dissipa-
tion of su led fog and clouds, which has par-
ticular application for military and civil air opera.
tions. This work proved the feastbility of using cloud
secding techniques. After the feasibility was estab-
lished, the major remalning problem was to develop
reliable and economical techniques for dispersing
the seeding agents. As early as 1958 the Soviets
claimed that they were using dry fce on at least a
semi-operational basis lo dissipate supercooled fogs
over alrports in the USSR. At present the Soviets op-
erationally clear supercooled fogs at 10 to 12 airports
utiniepwnd equipment that blows flakes of CO,
to & height of 20 meters. These flakes are produced
from tanks each containing 25 kg of liquid CO,;
four tanky are used to seed at 8.5 kg per minute In
the early 1000s the Soviets reported experiments
on clearing large areas (up to £0,000 km®) of super-
cooled clouds. Successful operataions of this type
could have considerable military potential for tac-
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tical alr, land, and ses operations, and are of con-
siderable scientific interest becasa the energy in-
volved approaches that required to cause & mess-
urable perturbation in atmospheric circulation. No
recent reference has been found to any further op-
erations involving large areas, although at & recent
meeting, Ye. K. Fedorov, chief of the Maln Ad-
ministration of the Hydrometeorological Service
(GUGMS), stated that mors work should be done
on large cloud systems.?

Work still continues in the USSR on supetoooled
cloud and but the major effort of
Soviet scientists in this subfield has been diverted
to the much more perplexing prablem of dissipating
warm clouds and fogs.! Warm clouds and fogs are
much more prevalent than supercoaled types, and
they are much less susceptible to modification. The
Soviet warm cloud and fog effort iy Jed by the Main
Ceophysical Observatory In Leulngndy with the
eoog-ltion of the Central Aerological Observatory
In Dolgoprudnaya, the Institute of Experimental
Metoorology in Obninsk, and the Ulrainian 8-
entific Research Hydrometeorological Institute In
Kiev.'' Any successful techniques developed in
warm cloud and fog dispersal would have consid-
erable military, civil, and scientific significance.

The Soviet program for modifying warm clouds
and fogs generally has proceeded ulog‘ lines simflar
to those of Western countries that are active In the
field. The rm.g Soviet effort has been devoted to
detorminin feastbility of using heat sources
and of ing with hygroscopic or surfactant ma-
terials.® ' The avallable information Indicates that
the Soviets have not yet settled on any one tech-
nique but that they ars still searching for a warkable
method.? 10

Heat sources have been us~! \t lcast sincs World
War 11 when the British deveioed the fog in-
vestigation dispersal operations (FIDO) system
to dissipate warm fogs over runways. The prin-
ciple behind this method Is that the additicn of

*Hygroscople materiali have the property of Increasing

the condensation of water vapor, and such materials as
NeQl snd CaCL e ased 8 hygroscopic sreding
:mu. Surfactant materials reduce the murface tansion of the

wfadnplcﬁ. which results i & more rapid cosles-

ornt rate of the droplets. Whea the lets h
m&&mﬁ&h lhvy'lu‘::l’unmm}:
ond the cloud or fog should dissipats provided the ¢

& pest mough
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heat will result In the evaporation of the fog. The
heat may be applied from below, as with the FIDO

stem, or from sbove. The addition of heat from
above (s 8 commonly observed natural phenomenon
when ground fog s dissipated after the sun rises
in the morning. In principle, this process can be
assisted and speeded up by adding s heat sbsorb-
ing material, such as carbon black, to the top of
the fog deck thus increasing the absorption of the
solar radiution. The addition of heat to evaporate
8 warm fog {s s proven technique; however, US -
studies to date have determined that it is omly
marginally cost effective. Nevertheless, at some lo-
cations where fog s very hﬁrwdcnt this methad
may prove to be worthwhlls. The French have
made the decision to Install fet aircraft engines
underground alongside the runways st Orly Air-
field to provide the necessary heat iu dissipate warm
fogs.

There Is some evidence that the Soviets currently
consider the heat source technique to be the most
practical, at least for situations where there is a
requirement for rapid fog dissipation as mli;n be
required for sircraft operations Cayvoronskly of
1" Central Aerological Observatory cites these
lHgu.us from theoretical calculations: for a warm
fog 50 m thick with a water content of 0.1 gn/m?,
149 cal/m® of heat are required to dispersa the
fog in 05 minute. To perform the same rate of
clearing with hygroscopic® particles, hundreds of
kilograms of u«ﬂo( malerial per second would
be required q'&vommldy further points out that
the heating method contributes little pollution to
the atmosphers, (s fast acting, and is not de-
pendent on the varying microphysical characteris-
tics of fogs. Hs concludes from this that thermal
methods of warm fog dispersal should bs given
preference over others.!®

Although there has been soms laboratory work

reported by tho Soviets on hy, ic and sur-
factant materials, there has been surprisingly little
repo of actua] flel ta-

tion.

liowever, ons Soviet scientist has stat
that his laboratory work in this Beld which for-
merly was unclassifiod has now boen classified by
the Sovict mllitary."® This Indicates that the pub-

7
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lshed Soviet liters
ly do

not give s true picture s tustion, and
feld experimentation on the dissipation of warm
mcndbnvanknlyuw-myhtbo

mmmchnwlmbwuolmuod by the
Soviets is not entirely obvious. Thers is no question
that the development of o sucoessful method to dis-
sipate warm clouds and fog would bave important
military implications, but other of weather
modification, which they do not assify, also have
such implications. Warm cloud and fog dissipation
has the obvious potentin! for um-uf

Viets have discovered a technique which they bo]
lieve to be superior to techniques ynder develop
ment by other countries or that i potential jy
greater than other subBelds of weather modification.

In contrast to the general lack of Information on
Soviet fleld experiments on warm ¢lond and fog

tific Research Hydrometeorological Institute, and
personnel from Kiev State Unlversity and the Mur-
mansk Administration of the Hydrometoorological
Service also are involved.™® These ¢ snts were
started in the winter of lm-lm?:mdctemuno
the feasibility of dispersing warm fogs over the bay
covering the water surface with a Monomolecular

m of higher fatty alcohols. In theory, such s flm
should reduce the evaparation from the water sur-
face theroby cutting off the molisture supply which
s responsible for the formation of the fog. Although
the Soviets have claimed some success with this
technique, no spectacular resulty are apparent.!
One Interesting result the Soviets have reported
from these experiments is that when the winds are
stronger than 7 m/sec (about 15 mph) the flm 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, Prescntly
they are using kerosens as a solvent for the fatty
slcohol reagent, and this presents < problem when
large quantities are involved. Consequently, the

o e
e, T e
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Soviets are sensching for other solvents which could
bouu-dlor:pnadln(wca'wunﬁlmonth
Water,®

One lsboratory experiment has been reparted
which has interesting possibilities {f it proves to be
successful [t was an attempt to coat the fog droplets
tather than the sea surface with & monomolecular
8lm of higher alcohols.® If this technique were suo-
cessful, it should reduce svaporation within the
fog or cloud and thereby proloni rather than reduce
the lifetime of the fog or cloud. The capability to
prolong cloud or fog lifetime could be used in many
tactical military situstions, but there are fow ob-
vious situations where such a techniqus would
have an econom'c application. This experiment was
reported at & 1068 conference In the Soviet Union
and 0o further Information has appeared. This could
indicate that the Soviets have found the technique
to be Infeasthle under natural conditions as op-
posed to the laboratory conditions under which
it was Brat tested with some reported success. On
the other hand, It could also ndicate that work has
continued but has been classified because of military
implications.

Ssvers storm modification

The Soviets have reported no experiments to
modify large severe storms comparable with the
US STORMFURY project, which s designed to
study the effocts of modification techniques on
burmicanes. However, the Sovie's havs conducted
numerous experiments on Individual cumulus clouds
and some on fully developed thunderstorms. Thees
experiments in genera] have been designed to stop
the growth of the cumulus clouds before they reach
the thunderstorm stage of, In the case of the experi-
ments on cumulonimbus clouds, to reduce the effacts
after the thunderstorm stage has heen reached. In
ane oot of experiments, the Saviets have attempted
to produce the opposite effect; that is, to induce the
growth of small cumulus clouds fnto mature oumu-
lonimbus clouds. Such experiments, if successful,
would have application both for military and civil
operations. The ability to prevent severe thunder-
storms would be useful for protecting vulnerable
military equipment such s alrcraft or missiles and
for protecting exposed personnel. Tho ability to pro-
duce thunderstorms could be used ag an offensive
weapon in tactical sftuations.

i'.::;.‘;‘ ©
R PO

P 3 - -

* S

Approved for Release: 2018/01/30 C00042134

&

WA

Feiat

-
.

TR N :;“-t_r‘
P
[0

-l

~
X IR

-
s

=N

 RaNBa

S
i




.
g L ey

4, -
» .3 .
R il W 2R

Hl ST
o

a -
~
Fe MRS

oo
S

AL

a5

2t
yiw

ey s -ed-
i S,

Yt e
> l.v..-_."‘s..'.e.}'.-‘,. Y
l‘.‘:“'f.f . v, 88, al."

Approved for Release: 2018/01/30 C00042134- V& 1 ¢ ble 0w stk arbdotil ihnd ail bl 3w

A group of sclentists under the leadership of
Central Aerological Observatory 1s oomfucb
au_experimental fleld program in the Ceor-

SSR to dissipste rapidly growing cumulus
and cumulonimbus clouds. This project 1s designed
to destory the ascending currents within the cloud
and to change them to descending currents. The
dowuwudmotmunputhevwdmlmwtboluu
cloud and, if it continues long enough, will result
eventually in the destruction of the cloud.®® Jp
lbaoupa!mtstboSovietshuwuododthosmw-
ing cumulus clouds with tnsoluable particles of 5 to
80 microns. Different seeding agents have been
tested but clay and cement have been the most
commonly used. In some of the later experiments
a CuO powder also has been tested. The seoding
agent is dispensed in fairly large quantities (up to
50 kg have been used) from an JL-28 jet alrcrafr.
The material is ejected Into the cloud where upward
motion fs the greatest; tests have beea conducted
on clouds of up to 10 km in vertical extent.® Ac
cording to recent information, the Soviets have con-
ducted experiments of this type on 500 cumulus
clouds and on 65 cumulonimbug clouds which had
reached the thunderstorm stage.® The Soviets claim
that effects from the seeding were observabls on 62
of the 63 experiments on cumulonimbus clouds, and
almost all of the cumulus clouds showed an effect.®

mluuﬂectusumyobmvodahquedlngw
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 end in many cases
evaporated befors reaching the ground. In the
mafority of cases roported, complete dissipation
oflbcwmulmcloudocnmcdhmtowmlnutu.
aithough remnants of middle or high level dlouds
often persisted.® To minimize the possibilities that
these effects could have occurred naturally, the
Soviets have conducted all the experiments between
1300 and 1600 hrs local time when convection
normally s at fts grestest. They also have obeerved
the behavinr of untreated clouds i the vicinity of
operations to determlie whether any of these dis.
sipated naturally. Visual and instrumented observa-
tions of the results of these experiments have been
carried out from an IL-14 alrcraft and by ground-
based radann® Apparently no attempt has bheen
made up 1o the present to randomize the experi-
ments, and It {s therefore difficult to judge the s

efficacy of the wark. However, the results repuaed
are vather Impnessive and Indicate that the $o,im,
have been able lo Clasipate at least some cv.lus
and cumulonimbas clouds under proper conditiong,

Another project, simflar in p.inciple but ainalles
in magnitude sod using different technique,, 4
being canded out by personnel from the Lnstitute
of Experimnents! Meteorology. This project ahic is
directed tawurd the dissipation of cumulus clowds
by creating artificial downdrafts, but aircraft jets
are used (nstead of cloud seeding agents.® Jet uic-
craft are flown through the clouds at high pich
angles, thereby directing thelr fet dcwnw i
through the cloud. Nine experiments of this ty g
have been reported, and in all cases some efioct
was noted. According to the Soviet report, the clou s
eithcr completely dissipated, broke into parts, or
ceased thelr vertical growth. The operations were
carried out on cumulng clouds ranging from 8 10 ¢
km in vertical extent.® Although positive res.lis
were reparted from these experiments, the neces ity
of fying the alrcraft through the clouds probanly
will limit the usefulness of this technigae te «
considerable degres.

The saine experimenters together with personael
from the State Scientific Research Institute of Civil
Aviation have tested the feasibility of using jet sir-
cralt engines on the ground to create actificlal up-
drafts in an atteinpt to stimulate the growth of
cumulus clouds into cumulenimbus clouds. Duriay
dry weather in the summer, cumulus clouds often
will form but will be prevented from developi.ig
into cumulonimbis clouds by o temperature in-
version at some level In the free atmosphere. n
theory, if an ascending current could be producedd
that could penetrate this Inversion, the cloud might
continue to grow and eventually to produce raia.
An analysis of severs] years’ data showed that 5%
percent of the summer inversions over Moscow
could oe penetrated in this manner, and In 1067
an experimental apparatus was set up near Borispol.
Four et engines were joined 0 that their exhawst
i=ts all fed into one vertically directed vent. Twenly
cxperiments were carried out to test the techniquc-.
In most cases the Soviets reported that small cu-
mulmclwdswmfonnedmdukulntbe
case where naturs! clouds were already present,
they gencrally became larger in size. In a few
cases the clounds darkened st the base and occs.
sionally produced rain. According to Soviet reports,

*
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they plan to continue thess sxperiments and increase
the number of fet engines used from four to ten®
These results reported thus far by the Sovists do

:
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Related research

Despite the relatively large weather modification
research effort that bas been carried out over &
number of years, thers are still several questions
relating to the basic physics of clouds and precipita-
tion that are still not completely understood. One
of the unresolved microphysical problems of cloud
and precipitation processes concerns the mitial
stages of rain formation through coslescence of
water droplets. A requirement for relatively simple,
reliable fold instrumentation for measuring the cou-
ocentrations of stmospheric ice nuclel still has to
be met. Further, much work needs 1o be done on
measuring and reproducing in mathematical models
the atmospheric motions {n and around clouds.®

The Soviets have recognized the unsolved prob-
lems In basic cloud and precipitation physics, and
they have conducted an active revsarch program
fwmnyyomhtbmm!a'ﬂnml,m.
it appears that the Soviets lag United Btates
in these theoretioa] aspects of their ressarch.! The
Soviets have acknowledged that they are weaker
in the basic research than in the sxperimental work,
MY&&Fdov:lvh::m?hdtbllwcdhhob
Jectives is 10 stren t portion of the program
to incresse the understanding of the physics of
what really happens.! 8

The Soviets have relied beavily on cloud cham-
bers to collect basic data for thetr microphysical
studies on clouds. The Institute of Erperimental
Meteorology at Obninsk has st fts disposal three
large cloud chambers, two with & volume of 100 m?*
and ons with & volume of 3,900 ;3% The latter
chamber is one of the largest in the world, and ane
of its advantages is that &t allows larger volumes
of clouds to be studied. The 18-m height of this
chamber also sllows the Sovists to study the effects

- - i o AT,y . . . : T ~
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of seeding nuclel on the water droplets as the nuclel
fall down through the artificial cloud. A distinct
disadvantage of the chamber is that the temperature
oan be regulated only between 15° and 80°C, and
the pressurs can be regulated only between 1.0
and 15 atm.® Although these restrictions are not
very serious for the study of low-level clouds, they
are unren! for higher level clouds. This chamber

is highly instrumented to collect microphysical -

data from the artificlal clouds contained in §t. One
impressive Instrument used on this chamber is s
photoslectrio sensor which measures the drop sise
distribution in the air that is funneled past the
counter. This instrument can be set to measure
particles {n increments of é-micron steps, the small-
et being 8 microns.®

The two smaller cloud chambers at the Institute
of Experimental Meteoxology are much more verss.
tile than the larger chamber. Thess cloud chambers
are designed so that the temperature can be regu-
Iated between —B0° and 90°C, and the pressure can
bo regulated from 0.05 to 8.0 stm.*® Thus these
chambors provide for a more nearly real atmesphere
than the larger facility and for most research they
may be more useful. The Soviets are bullding o
200 m* cloud chamber at the Institute of Geophysice
under the Ceorgian Academy of Sciences® This
chamber will have the capalility of reaching tem-

tures as low as —40°C but its pressure capa-
ility is not known. Presert plans are to instrumer*
this facility with optical lasers and & 1-cm radar to
measure the molsture content of the clouds which
are produced. It a that this will be an excel-

lent research fa r{ when completed, but #t is
somewhat questionable whether the staff at the
institute will be capeble of utilizing it to fts fullest

extent.B

The Sovieta have alio besn actively investigating
the microphysical propertiss of clouds using fnstru-
mented alroraft and redar. These types of investiga-
tinns are necessary in supplement the cloud chamber
studios because, no matter how sophisticated a cloud
chamber is, it is impossible to duplicate all the
processes and interactions found in the res! at.
mosphers. Instrumented alroraft, which traditionally
have becn widely used for collecting microphysical
dats, are stll used, but modern mdars are now
making it posstble to collect much of this data
indiroctly. Alreraft measurements suffer from sovera!

A
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limitations among which are the dificulties in flying
through convective-type clouds and problems in
developing instruments that will o acourste
messurements of the necessery parsmeters.

Mum-:owntdgdmhtbnm
generally opt pace with Western developments.
They have done a great deal of work with dual

que is very accurate in discriml-
nating betwoen thoss clouds which produce hall and
thoss which do not. They also use the dual fre-
quency technique to determine the intensity of pre-
cipitation. In this case they use wavelengths of 0.86
and 3.8 cm. By measuring the differences in reflec-
tivity and absorption in these two wavslengths, the
Soviets claim that they are able to overcoms the
problems of variable drop sizes in the cloud, which
make such measurements on single frequency radars
difficult® The Soviet capabilities for processing
the dual frequency radar information in res! time
are impressive, and it appears that this technique
should bs useful for studiss of clouds and precipi-
tation.® The Soviets also use radar methods

other microphysical measurements of clouds, and
it appears that thelr use of radar and radar process-
ing equipment for thess studies will be expanded.!

The Soviets also ars actively engaged in seeding.
nuclel research. At the t time they seem to
favor the use of Jead jodids, probably becsuse it is
readily avallable to them* ™ The United States
favors the use of silver jodide over lead iodide be-
csuse US techniques for erystallization have mot
worked well with lead iodide. However, & appeans
to work sstisfactorlly with Soviet pyrotechnic
methods.* The Soviets have 90me CONONrN
about the toxic effects of lead iodide and they have
tested many other substances in the laboratary snd
some in the feld. They seem to favor copper mifide
at the present time to replace lead iodide as the
primary seeding nuclel clatm to have dovel-
opod o powdered form of copper sulde that can
produce about 10'* nuclel per gram, which is very
good. They have slso indicated that they have

snough confidence in copper sulfide as & seeding
auclel to begin udnLu in their hall suppression

" T3.is could be Quite significant if suocess-

use copper sullide is & much cheaper prod.
uct than silver jodide. Organic materials, hygro-
scopic nuclel, and various insoluble materials are
also being investigated intensively, particularly for
use on nonsupercooled clouds and fogs.

CLIMATE MODIFICATION

The Sovieis have shown an interest in climate
modification for many ysars. This interest probably
{s partly dus to the unfavorable climate which pre-
valls over much of the USSR. In addition s success-
ful climate modification technique could have con.
siderabls sighiBicance for both tactical and strategic
military operations. Many schemes have been pro-
posed In the Sovist Union for melting the Arctic jos
and thus moderating the average temperatures of
the northern ureas of the country. One of the oldest
and best known proposals is that of P. M. Borisov,
who bas advocated damming the Bering Strai.
Borisov’s concept Is to pump watsr from the Asctic
Ocean through a dam {nto the Pacific Ocean. This,
in tumn, would draw the warmer water from
Atlantic Ocean through the Arctic Ocean
tually melt the jos.* Borisov claiias that
the Arctic Oacan would be completely
thres ysars, and that once melted, it would
return. Borisov, an enginess, claims that this
is technically feastbls, and scientific studies
Main Geaphyrical Obssrvatory tend to su
cldm!hnttl{clawnldmtrfnmm
melted. Ha\;w:' )g-bl;:udyko.h”dmu
Main :Y" ’
that hlsc?\;diu show that mﬁag thupm
oould have adverse sffscts on the climate
tfe 1one of the USSR.%* Despite this
ing, Borisov periodically revives his proposs! for
damming the Bering Stralt.

Although the Sovists have apparently approached
the proposa! for large-scale melting of the e in
the Arctic with caution, they have developed and
ue! other techaigues for melting foe on & smaller
scak. Ono tuchnique which they have used for
many ysars is to blacken the surface of the foe
 Increase the amount of solar energy abeorbud by
the surface. The Soviets ., parently have concluded
that this technique is feastble, although some tech-
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nical dificulties have been encountered with the
use of carbon black as the blacksning agent. During
recent years the Soviets apparently have been using
coal dust rether than carbon black as the blackening
agent, and this seerms to have eliminsted some of
the early problems.”™ Personnel from the Arctic and
Antarctic Scientific Ressarch Institute developed
this technique. They claim that, using coa! particles
34 millimeters in sire, they can melt & volume of
foe of about 3 km® in ares and § meters thick. Ap-
proximately 500 tons of coal dust applied st fre-
Quent intervals are required to melt this vohmme
of ice.® It can be seen from these figures that s
very large loglstic effort would be to melt
the large areas of {oe in the Arctic Ocesn using
this technique, but Ye. K. Fedarov has stated that

&t could be done.®

—

- —

is very active in the devslopment of such models.
Howevez, the best computsr svailabls to this group
is the BESM 6, which is not adequate for testing the
very sophisticated models required in the flsld of
climate modifcation. Untl] new and improved com-
puters become avallable and realistio atmospherie
models are developed, large-scels climate modifice-
tion experiments probably will not be Seld tested
by the Sovies. -
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