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SOVIBT GEOPHYSICAL AMD MBTEOROLOGICAL RESEARCH IN 1962
o YR -

Following is the tnnshtim of three aruoles in the Russian-
language periodical Izvest. cadls : YN
Wﬁ%‘%ﬂ (News of Acadeny o Sk, Geophysiocal

ries), » Moscow, January 1963. Cmplm bd.bliographic
information acoompanies each article,

TABLE OF CONTENTS

Magnetotelluric Sounding in Georgifyaevessascsssevees

Research on Cloud Structure and the Scientific Tasks
Connected with the International Tear of the Quiet

Statistioal Charecteristics of the Horisontal Component ——
of Wind Velooity at Altitudes of 6 to 12 moyw'l‘o’:’ooooo



MAGNETOTELLURIC SOUNDING IN G:ORGIA
=USSR=

g;ouowing is the translation of an article.
G. A. Chernyavskiy and G. Yea. Wwva
in the Rugsian«language periodical stiva
Akademii Nauk SSSR -« Seriva Geof 8
(News of the Acedemy o noes - -
ghyaical Sexries) « 1, loscow, January
963, es 1&7-1'.51. The article, signed All-
Union Scientific Research Institute of Geo-
physics, Academy of Sciences, Georgian SSR,
Institute of Geophysics, was submitted to
the editors 26 June 196

Abstract: On the basis of the results on mag-
netotelluric sounding work it is shown that
the introduction of magnetotelluric e:xplora-
tion is very promising in Georgia when come
bi::gaﬁth other geological geophysical
ne .

Magnetotelluric methods of exploration have come
into extensive use in goorg:is_iul practice in recent
years, One of the most p sing methods ia -
telluric sounding. This method makes it possible to
s the relief of the basement in regions with a
thick (7-10 km) conducting layexr of low resistivity.

In such regions the mean-period variations of the mag-
netotelluric £ield occur at the low point of the sound- °
ing curve, thereby creating favorable conditions for

the use of MIS (MTZ -- magnitotelluricheskoye zondiro-
vaniye -=- magnetotelluric sounding),

Up to 1960 magnetotelluric sounding was carried
?‘111: g; a numbexr of investigators at individual points

' .

The first exploration work using the magnetotellur-
ic sounding method was carried out by the VNIIGeofisika
| (Vsesoyusnyy nauchno-issledovatel takiy institut Gooﬁ.s-_'

.“1 S



ika == Alleinion Scientific Research Institute of GCeo-
physica) in 1960-1961 in Central enia_along a con-
tinuous profile 400 km in length /See note/ and in the
Vilyuyskaya tectonic deage.ssion (Yakutian ASSR) /See notg/
(Mote: G, N. Anishchenko, V. V. Golubkev, K. I. iik-

itenko and G. A. Chernyavskiy, Otchet po teme 212, 71,
{XI (Rleport on Subject 212, Chapter XZ ES, %I!sﬁing Fouse
of the Vi'IlGeofiziki, 19627.)

([Mote: I, A. Yakovlev, Otchet o rabotekh opytno=
netodicheakoy elektrorazvedochnoy Dertii (IEnOTE on the
oric of the smerimentals ysfema%ic nlectric “xploration
Party), Publishing llouse of the VNIIGeofizika, 1962/0)

In the fall of 1961 the MMIIZeofizika, in collzbora=
tion with the Institute of Geophysles of the Acadery of
Sciences of the Seorgian 33R, carvied ocut magnetotellur=
ic sounding in eastamn Georzia. Thie srticle deseribes
that worke. .

1, sastern Georgia is & cotiplex reologieal rezion,
vhose deep structure has atill been inadecuately studied
despite the fact theat the entire area is covered by re-
gional gravimetric and magnetic surveys,

Selsmic research (GSZ -« glubokoye seismichesgl:oye
zondirovaniye -~ dezp seismic sounding) was cerried out
alony separate routzs in zones where the crystalline hasa=
ment 1is at z relatively challow depth (up to 4 km) /4/.

A tellurie survey was carried out during the years
1955~1260 under the direction of A, V. Bukhnikashwvill
and V. V. Kebuladze; long-period wvariations tere record-
ed. The results of the survey were used to compile a
map of the telluric paremeter ity A number of papers
have been devotad to the geological interpretarion of
the results of these tellurie investigations ?5:, 6/

Hagnetotelluric sounding wae carried out at three
pointa (Shindisi, Dusheti and Xakabeti) along a profile
intersecting the ares of the telluric survey from west
to east (from the iszolines of the telluric parameter
'b"s, S5=6 to P'= 0.5).

The depth of the crystaelline basement, consisting
of pre-Paleozoic and lower Psleozolec rocks, was shovm
by geologloal and gsophysice) data to vary from 3,770
m at Shindisi to 8,000 m at Lakabeti, The thickness of
;hemaedimenmry layer at Dusheti wae zaesumed to be 6 to

»

logiing data indicate that the gecelectric profile
. of eastern Georgia con be claesifiz2d as the NA (fourw __J

{
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layer). ‘the first two layers consist of Quaternary and
Tertiary deposits with a ralatively high conduetivity
wvhich increcses from weast to 2agt as the basement drops
dowvnward., The mecn linear resistivity of this comnlex
varies from 10-15 ohma/m to 2 ohms/meter. 'The thiiu layer
belongs to the Carboniforous suite of the Cretaceous and
the clay=shales of the Jurassic with a2 resistivity of the
order of 50 ohms/m. ‘This layer, eleetrically nerging with
the higheresistivity r.olis of the bascment, iz the clece
tric reference horizon.

24 vagnetotellurie sounding was carried out ucsing the
prototype of a nortable station cofistructed at the Vilil-
Geofizilca. the station had the following couponents: os=
cillogruph, two highly sensitive Drunelli Hemagnetometers,
a comiutator pancl and a nower contvrol unit,

The recoxrding oi E., K., ind varictions at
each stotion lastad 40 To 50 holirs. Variations with the
period T> 100 scconds were registered at a paper speed of
20 to 25 'w/mir. ‘

“he work wags carried out in October and ovember at
a tirne of relatively low telluric activity. Type Pe short-
period pulsations .f a quasi-sinuscidal shape were obew
cerved relatively rarely, The recordings most commonly
carried troins of pulsations (P.) of on irregular shape
vhose peak intensity wes observéd in the cvening and night
hours. Variations with periode of 70 to 150 seconds pre=
dominated in the f£requency spcctrum,

The mean anplitude of short-period pulaztiona at Ju~
sheti and Kakabeti varied f£roa 0.2 to 0.5 nv/iam (tellur=-
ic £ield) and from 0.3 to 1.5Y (magnetic ficld). The ap-
parent paoriod of variatiors varied from 15 to 500 seconds,
The mean anplitude of telluric short-period pulsations at
Shindisi was )L to 7 mv/im. '

- he polarization of the field was diffzrent for pere
iods of T = 20~60 sec and T> 100 sec. The travel-time
curves for the tellurie field, drovm for variations with
‘5 100 sce, were elongated In a sublatitudinal, direction.
The axas of the travelstine curves, drawn Lor meansper=
iod variations, tend to have a meridiorml direction. The
pulses of nutually-perpendicular components of the mag-
netotelluric {ield usually had similar coufigurations.

3. 1he processing of oscillograms involved the de-
termination of the anparent periogs and amplitudes of
the cuasi-sinusoidal nulses of the rmutuallyeperpendioule

1 ar components of the elecctromagnetic fizld. The mgneto:J

i
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telluarde coundun; curves ‘rerc ;"'xm by the apnarent inw
nedaice nothod rnd the moen Lapedance sethod /3ee note

([Iote/: Te ile zavadslaya, Otchet po teme 212, gl
,u.. (.r")orf]o.x ubject 212, Chapter "I'i§ Pablishing
Touse of the R,‘IIG;aofiz:.ka. 1.902 )

e volues f’f ave laid off at 2 logaritlmic scale along
the mcoide; the follo wing values are laid o£f on the y-
arriis ol the s« scanle:

Pry =027 | TngP
*-0.2752-1’.
p‘,-O,ZTlZ‘P‘

There W ~i.' che neriod of varictions in '°f=co*1ds.

are tao smwarent inoadances dn mv/my, 27 = ,’“‘2‘1“

N Zvvy‘qw lo
TH0 ASS1 LIODSLANCE e

it wags escoplished that the ralue of tha apvarent ine
nuaGaices aire denzndent on ".’:io.lc1 polarization, Zwy oand 2

vara chercfore deiarninad by taking crovps of »ulses with
aporouimately .Ldon::mal ».:\.elu nol »raa ation (i -<l > B,/ for

Lni"‘_ wnation of L., and  (EByj g Ay wow skl iminati *1 of
,:)o
fire L chows the dfarivrd 1ag.nutowl!.ﬂflc sounding
curvas, .ach point on the curves & T 13 the re=

sult of averciing 5 to 7 ncwuronmt-g m t‘me £%p curves
rach point i3 G Tesult of o sinzle acosurenant,
urves sith o clear ninimun rere obtaincd at Kelia-

bati (For the Latitudinal component of the wallurie
£ield). these cux ALt 4 cnﬁ”‘aci'urwau by & wellecipresse
ed l"l“ht a8y 7-.1‘01. ic branch with an ongle of inclination
to the "-<.::.‘..a of 630, a narroty n.a.m:mm, a steep left de-
gecyradns branech. v comnardson of thz curves ‘rith theoret-
ienl r'uwws cheiws that in shame they are close to the
thres=layaxy type 4 with the parancters

o

—Z o= L .1, h -

1 g 10 5-12.- = 13 P3 = 3,

At Shindicd the nongustotelluric sounding cumwves are
roprasented only by a rlg,ht branch,

ten the curves are superposed Plyy and P do not
coincide with one anothaer. fhe discre pancies of
vrlues of the total longitudinal conductivity are: at
1’ oot - 4473 et Jughetd ~- 36%; aad ot Shindisi --___]

— Y ——
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T‘27%. This is evid:nce that the seddum dnvzstigated is

nonhowg-ncoua, 'he value of the total linecar conductive
ity vas detormined by ueing the formule

s = 356 \Tg
where =[Tg is the absciesa of the point of intersection
of the asymntote of the curve with the line Ppa 1,

‘hen determining the value of the mean linear re-
sistivity the geoeclectric profile was congicdered tuoe-lay-
ered (it was considered that the condueting complex
chove the reference horizon is of zrasct thickness). The
valueP) wre computed by neing the fortmla Py = 1432 Ppg,,

vhere Py, 46 the ordinate of the minimes on the magneto-
telluric aounding ocurves. ‘the thickness of the couplex
above the reference horizon (the thickness of the Quater=
nary and Tertiary deposits) wae datermined from the fore
nula H = Plos. ' .

i:e Tge 2 shows the results of sounding in compaxr=
igson with the dota for e telluric curvey,

The velues for the total 1§ ~ar conductivity
chai_c from west -to east from 3L. .he at Shindisi to
2,900 ho at Lwkobati and the values of the wean lineaxr
resistivity from © to 2,5 ohms/m. It can be sean from
the zrephs thet the chonree of the totel linear conduce
tivity and the telluric peraacier i~ are due not only to
changes in the ¢hiclnasc of the co plex zbove the ref=
erence horiion, but alse to chansees of mean linear ree-
cistivity py.

A comparison of the values of the telluric peramcte
cr wvith the values of the totzl conductivity make it
oasible to postulate that the nature of the reference

Romizon is ginilar for longeperiod vardations (T =
15«60 min and for wvariations with pardods of 100500
sce, that 1s, both clceses of varietions £all in the
interval s /7, 8/, '

On the Lasis of the resulting date an effort was
made to make a sucntitative interpretation of the rae
sults of the lonz«period tellurie survey. .y using the
graphs of P-(3) and P1(8) part of the mep of the tellure
ie paraneter - wae trensformed into a nop of total cone
ductivity and then into a map of depths to the referenca
hoxrizon., .hese maps charactorize the zeneral charactore
fatice of chanys of the paramcters of the conducting

complex of Tertiary deposits for the aree inveatigated:-—J
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#ig. 1. Magretotelluric sounding curves, iaastermn Geors
gia’ 19610 8 m- }{akabeti, b bl mmti, C == Sttimi'io

Conclusions

1. The geoelectric conditions in the territory of
pastern Georgla are favorable for magnetotellurie
rounding work. .

2. The results of the ragnetotelluric sounding
worl: agree well with the results of & long-period tel-

luric survey.
3. The study of the dependence of - on 8 and p- on

Pk nekes it poasible to meke a uentitative interpreta-
+{on of the results of & telluric survey nade in past

years.

o



Pig. 2, Comparison of thz results of magnetotelluric
sounding and the data for & lonz-period tellurie sur-
vey along the profile Shindisi-rusheti-Kaokabeti s

1 -~ curve for the telluric parameter p , 2 -- curve of
8 = totel linear conductivity based on wagnetotelluric
sounding data, 3 -~ curve of thc mesn linear resistive
ity based on magnetotelluric sounding data. a == Shin-
.diSi, D =w maheti, C == mabetio

The conclusions drawn above indicate that the adoption
of magnetotelluric exploration in the complex of geo-
logical and reophysical investigations is highly prom-
is for the territory of Georgia.

The authors take this oprortunity to express their
deep gratitude to M. N. Berdichevskiy and V. V. Kebule
adze for aasistance given during the field work and the

processing of data.
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RESEARCH ON CLOUD STRUCTURE AND THE SCISNTIFIC TASKS CONNECTED

WITE THE INTSRNATIONAL YZAR OF THE QUIET SUN
(Pollowing is the translation of an article by A, Kh. Khrgiasa
in the Russian-language peyiodical Igvestiya dkademii Nauk SS3R -
Seriye geofizicheskaya (News of the Academy. of Saiences USSR «

> Geophysical Series), No. 1, Moscow, Jamuary 1963, pag‘a 169-176.
The artiole was submitted to the editors 2 August 1962).

: Modern knowledge of the macrophysics of clouds and their
electric and other properties i3 surveysd. Muture ressarch
on and orgenigation of aloud obeervations irn the USSR are

. outlined.

‘s‘ -

Cloud research has recently sitracted the attantion of

geophysicists vecause forecasting cloude and preeipitation

T PR L

is the most difficult task in syroytics and the aviation
§‘ service, requiring profound knowliedge of physieci, and dbecause
.fA the recent discovery of methnds Qf artifioially influencing
clouds and precipitation has besuh a completely new sra in

the use of aciive meteorological technigues. Together they

- S——

make the subject of cloud physics imporiunt and interesting

% . to & great meny specialists, agricultural technicians,
: aviation prarsonnel, ato,
i Clouds are studied both bty the airplane method (most
. widely and eystemetically developed in the USSR [1-3] and
% England) snd by the laboratory method (more extarsively ured
% 'thtn in any‘other branch of doience relating to the atmo .J
H
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sphere): abaervation of the prouesses of condensation, froosinc,'
et>., in speaial condensrtion or "eloud" chambers. This manys
sided axperimental spproach has oreated the foundation fqr a
thaory of oloud formation and precipitation. The latter has
been successfully applied to the study of partiole coagulation,
distribution of the processas of freeziis of the particles,
etc, [+].

The years vetween 1955 and 1958 were mavied in the U3SR
by extonai%e reseurch on the wisrophysios of droplet olouds,
apactra of drop sizes, particle coupcsition, eto, 4 recent
survey (1] shows that the substantial amount of matoril} now
gathered in the USSR and, to a lesser degres, in other countries .
providee a rough but satisfactory irnitial description of the
microstructure of netural cioude. The simple laws deduced
from the material are widjely used for a variety of practical
caloulaticns (5, 6], e. g., for ioing of airplanes, range of.
visibility, etc. This is presumably the reason that problems
in oloud microphysics now rest on experimental material, whioh
is sufficient at least for immediate theoretical formulations
and practical needs.

The more complicated problems of cloud macrophysiocs have

been muoh less studied. The formetion and development of

jolouds 1s determined primarily by large-scale &ir ourreats, .J
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their divergenciea, vertical componsnts, turbdulence, eta.
snd, in part, by the prooesses of radiation and loittoring of
::dittion. These n;oroloopié processes aré closely conneoted
vith those oconsidered by synoptisc foreoasters. They must oonme
plete their prognosis of a wind pressure field (symoptiec or
hydrodyssmic) with a p:ocnooil of the development of cloud
systems and precipitation. Precipitation can be regulated and
a suffiofent amount of "artifioisl ra;n" o;n be obtained only
if the process of resgeneration, the proo@so of natural restora~
tion of & cloud, is thoroughly umderstood.

Thus, it is easy to see that the next ten years will de
s period of widespread ﬁaqrophylioal ocloud researsch, experiment-
al and theoretical. MNoreover, theory will often 1ndios§o
the subsequent path of experimental researoh, the method of
organizing it, eteo. '

L3

To help solve the probdlems involved, 1964-1965 has been
designated the All-Union clou&‘tosgszgd it will form part of -
she progﬁa- for the Intermational Year éf the Qnioglggi)KTJ.
The organization of these observations does not come withia .
the scope of this article, but it is obvious that the scient--
ific plan will'nn&o.curily refleot in the best vay bonoiblo
the major problems in oloud research mentioned above, The

folloving vill help to improve veather forecasting and gone

C L.J
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tribtute to our knowledge of meithods of influenoing olouds:

(1) mtudy of cloud systems of frouts (4roluding their
oirrous parte) and the jet atrean; -

(2) investigation of the genesis and development of oone
veotive clouds;

(3)m«mw.~m(mm:m
ia an antloyoleme)y .

() mmmmmuuammmum
of alowds of Aiffarant shapes; e e

(5} study of ocloud forns and eysﬁcns 1n'nount;in6u- éoéioic;

(6) investigation of the ﬁiorostructuro and chemical com-
positicn of dondenedﬁipn'nubloi, parviéioa of clouds and pri-
cipitation;l i

(7) observation of eleotric and éptio properties of oloudsy

.(8) ciouda over ooseen: And large bodies of watex,

Since fronts ﬁre rocﬁonsiblt 1n‘ulno|§ ull olimates for
most of the praoipitaeion, Porpcaoting of rrontal cloud systems
is highly important. &houo systems are ofton"uhortoand” while
preserving either the upper part, whioch yields very little pre-
eipitation (es often ocours in Central &aiu), 9# the lower
part (A. M. Borovikov (8])., "Models" of such fronts together
with the conditions under which they are formed awiit,refine-

kent, Of interaest from the ltlﬁdpointfbf forescasting are fho.'

. .
o . . 4
, " .
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L&t will be necessary to distinguish between the condensation

- -

cloud systems of the jet stream, where a great variety of
Ci, Co, As, Ac, and other olouds reflect tﬁe complex types of
movement. ?heae systems have been little studied, although
the dynamic properties of the jet stream are gquite familiar
(of. [9]). The possibility of orgini:ing observations of
oloudinens of the "eastern waves" in the trade winds and
of olouds in the intertropical convergence zone must also
be considered [10], )

The theoretical dynsmio patterns of fronfa have already
been worked out in the Soviet Union fqr the "oclagaical"
frontal pattern [1l1, 12j and for a modified pattern where the
prinoipal factor in condensation is the furbulcnoo of the
layer between the surface of a front and the tropopause
(13, 14). This latter model also sccounts, in principle, for
the appaarance of a separaie upper cloud layer above the frontal
surface. To check these patterns will require the orgtuiaatién
éf'bSQQrvationa or evaluations of the vertical movements and
turdbulence coeffiocient,

Similsr to these observations is the invosti;ttion of
oirri, in which eareful obesrvatisn tegether with
synoptio invastigation [15, 16, and, in particular, 17] revesls
the effects of general ascensional motvion, sudbinversion ture

bulence, convection, and even wave movements. In doing so

- u . v
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ares proper in & cirrue and the area of partiole presipitation

(virge). These cbuervations require o mare ocomplex technique:

high=flying sireraft, improved niorophysiocel appurstus, eto,

Jowever, the study of ice clouds is extremely ilamportant since

their particles may serve as "seeds" in the formation of frontal
precipitation. The possidility of influencing frontal clouds

should also be studied, i.e., the possidility of artifiocial o .
redistribution of their precipitation (for example, the plan

to protect large cities from snowfalls end drifts).

Systems or aceas of oirri are also of interest beocause
thess are the clouds that are chiefly cbserved from satellites,
They ere capable of influencing rediation of the esarth, ob-
servations of terresirial radiation snd temperatures from
saﬁellitcs, ete, '

Convective clouds, including thunderstoru and showar olouds,
are a source of great danger both to aviation and to agriculture.
Jince hignly promising methods of breaking up thunderstorm oloudi
nave already been teasted, there is great need of information
on the‘atruotura of theose glouds, their microstructure and water
ocontert, vexrtical movemenﬁsat g¢ifferent itagca of development,
to., ircent microsynoptioc investigations (18] have shown that
the sreas of hail and heavy rain are complex in strusture and they: *
shift in complex falﬁioh. Methods are now available for

Z | d
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;1Iu1t;n.oul observations of tﬁ: motion .n& thermal structure
of conveotive clouds [3, 19]. These have led to the idea of
medium-sosle (5=20 Xn) -tuospiorio notion determining the
oonvection field. BHe~ver, a new patterm or "model" of a oone
veotive oloud to accoumt for its known characterissics ﬁsl Aot
as yot been developed. .Tho part played by "entraimment of air"
fron the sides, asymmotry‘of internal ourrente in a cloud,
dowavard external motion, "friotiom" of an asoensional ourrent
againat the surrounding air, ete. still awaits elucidation.
Very 1ittle information is evailable on the struoture of the
upper part of olouds, the pisce where the "anvil" is formed.

ror'oo;pariaon with future observations from natellitc,.‘
it de very important to study the relationship bdetween
Ou - Cb systems and wind fieid, shifting of winds, ares of
vergencies, etc, [20]. Cu and Cu over similar troad expanses
of oosm are neaturally of great interest for the theory of
conveotion. Modern.thoorotioal investigations [21] of oone _
veotion and of the olouds related to it (dealing with both
the aotusl process of ocloud formation and the stationary,
simpler modele of motion developing ubove the condensation
level) are highly valuable in olarifying the phencmena.

Such obsarvations are also necessary for the ofclnitu$1on
of observations in the case of level or broken terrain in

Lvolution to the degree of instability of the troposphers, eto.
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l'rhotogrummetric investigations Br the formation of convective i
clouds, their delicale structure, development, and disintegra~
tioin cculd be extremely uséful. It is occasionally souewhat
sasier to observe conveotive cloudn in meountalmnous regions
vhere they are scmatimes "tied" to certein places and do not
drifv away from the observer. It is generally kuown that radar
has mace a major sontrihution to the siudy of convective alouds
and efforts to modify them. The primary elements of conveotion
discovered by rudar (ezlled "angels" chrond [£2]) cannot be |
sean by any other‘method. Yhey probably result in the formation
of larser uscensicrsl currente and cloude., 2adioloscation
methods of judgin; the intenasity of turiulent rotion (23] will
undoudbtedly be eszerntial in studying cumuli and other cloud
forms.

of great significance in Torecamsting usre the siratiforn
clouds, sometimes with th~ regular undulating form (.e), some-
times without it {Jt), which are mootly formed under inversions,
PTha thecey of thess ¢iouds, wnicn takes into asccunt turbulent
aixing in the sublnversien layer and the adventiou G owarm
meist air, weo werked out by L. V. Matveyev [121, Y. 3.
Koziwrin (14 and {earlier) by K. V. XKlubovich, all of whom
later wade allowznce for general sliow vertical motion, Ye. M.

Feyyelinor (S evamined ihe invluence of radiatior of clouds

‘_gnd absorption of solar radiation thersin, whnich determine net onu
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I the dstails of therm«l stratification in s cloud end the
ocnve;tive processes near its upper boundary, but also the
prooeas of upward growth of a c¢loud deck. The theory of
condeasation in such olouds was algp considered by'N,
Bogdasova and M. V, Shv;ts (24]. 1In ganeral, this type of
clouds has been given more detailed theoretical study than
all the others and we nevw have a fairly olear idea of the
dynamliec and thermal procexses that take place ir them. Jeveral
experimental investigations made by the suthor (25, 260 and
one made by hinm jointly with K. G. fbramovich [27] showed that
the existing theories desorive fairly wall the procaas of

forming stratiform clouds. This formation is controlled by

the processes of turbuldncc, which zre conveniently ¢haraater-'

ized by the guantity i1, and it veries with the elow vertieal
motiocn., The peouliarities of the boundary layer{Bernhardt
{28]) leave scme imprint on these clouds, hish require’
more comprehensive study. In some grses the turbilence ree-
quired to form 3t or 3¢ is presumably intensified in the
boundacy layer and is oomparativaly weak throughout the tropoe
sphere above it (i’ .. Vorontsov has described examples of
such distrivution of tu?bulenne&,

8§udy of the forme of the upper sgggnpo of qloud dacks )
(sucoesafully begun by A. ?.qﬁcfévitpvu t}a)) has thrown 1ight
{gn the fornatioh‘or oicﬁde“unde; the influencé of radiation
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l‘cﬂuliﬂﬂ and apwsrd drvtubilizeticn of ¢louds and on the subsee i
quent deveblonment o) conveetivn and intenciiliaation orlconden-
sulion, 1y wddition, the correlation noted by V., 4. Rozharin
bheiween the distribution of the wﬁtnr content of + cloud sAnd
tne velocity of ordered and turbulent motion {14} wil) facili-
Lato the uuw‘of micrephysiceal octservations to delarmine ace
curuately the processeuy that may predomirate in & pgiven case,

gynoptic inv.. el utions of elouds as well as calculations

of their water content for .ne purpose of modifying them ree
quire a detuiled climutologdcal (etutistical) anulysis of
the number, altitude, itenpersiure, nd cother charanteristics
of different clowl forms, JGpecifiouily, %o irterpret the

*  photosraphs of clouds taken Trem above, it iu negessary $o E
moke pepurate o olimates of the number of olouds at ali'ihree
lovelss  $his reanires hourly eatimates of the nanber of
cloudn of nll iovms, ohaervation of their gltitudes, highe
speed photoraphing of the e¢ntire cloud, and obaérvations fron
gounding wirplunes behind the upp&ﬁﬁ@louds;w;The territory of .
Lie Goviet Wnlnn i3 highly varied iu this respect = from
the Ahite e areva, where there 18 n record nunber of olouds

throushoul the year (the mewn monthly number is 9), to the

virtually oloudless Tur kmaniatan and csntrml aia in 3Dnerul,
where olnud‘nmna iu July @omas to 0.2«0, 4 ud% ;n ths wiater

’Jgnd apringy displays tha prnateat variety ﬁf‘forns.> DQtii@Q&
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'.atstiitical proceseing of the altituden, forms, and number of |
olouds separately for the various regions in 196#-1§65 ahould
yield a very comprehensive desoription of the olouds. It will
probably be possible to find statistical methods (this 1des
has already been applied to olimatology by S. A. Saposhnikova)
.of reducing such "ultrashort" series of observations to long
ones in order fo obtain statistically supported climatological

. data.

The grest variety of topography in the Soviet Union provides
excaptional opportunities for observing the ecloud forms of
mountainous regions - lee waves, lenticular clouds, banner clouds,
etc, These observations are particularly valuable in that they
throw light (especially if mption pictures are taken or bass mapping
of the olouds is used [30]) on the dynamic processes and delioste

TR TS D TR A RN W Ty vy~

structure of the field of air motion over mountainous terrain,

Of practical importance too are observations of froantal oloud

T BT PR T

systems over mountains, sharpening of fronte, development
% meanvhile of cloud aystems both in thickness and in extent,’
reinfall intensifiocation, ete. (of. (31]). ‘The advance of a

* cold front is much more pronounced in mountainous than in

MR 8 T 0 e

plains regions, Conveative clouds over mountains also have
meny structural peculiarities (2], They disintegrate rapidly

if they originate at very high and "eold” levelss oontrlrivinn,;
Lspoy become more inteass under ths inflyense of rugged tqtru&gj,“i ,
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are importunt in efforts to modify cloud;. for they indicate
the part of the olouds in which to introduce the reagent and
the method to be used. '

We pointed ocut several times that the miorostructure (drop
size spectrum, shape and sise of oryntulé, constituents of dif-
ferent orystals, water oontent, oondensation nuclei) of clouds
has been fairly wgll studied in recent years, Borovnikov
(1, chapter 2] notes that aerclogists, mostly in ths Soviet
Union, have made z major contridution to this field. The miocro-
structure of oirri and the spectra of the larger (r«3Cp 200’_)‘
drops - an important transitional stage to rain drops - has
deveived lcl; attention. quavcr, microphysioists are oon-.
fronted with & much more important probl.n, that relating %o
the theory 6f the processes of drop coagulation (Brownian,
turbulent, etc. [33]) and to the fhcory of the propagation
of a orystallization froat in a cloud (4], i.e., the maocrosocope

ic theory of influencing olouds. Clearly, experimental veri-

"fication of thesa theoriss in the near future will

have to be based on microstrudture observations. It villlbi
remenbered, hovever, that great prosro.i was made in the Soviet
Union during the Igtornnttonsl Geophysical Year in studying
the chemistry of pracipitation, oleuds [34], and condensation
[gyoxoi, resulting ia Soviet soientista gaining the leadership

|" and uneven heatirg of the alopes ([13, }. 131]). These fontur‘;i

-
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' in this field. This work must be oontinued, for it ‘provides -
highly useful information on the origin (ses, industry) and
broportiee of the muclei, |

There is no doubf that the f:oposs of precipitation tornq-

¢ | tion should likewise be in the f;retront of attantion by in-

; vestigators in the IYQ3. Nere the probleme connected with the
organization and plan of the work are more oomplioutcd‘bcoauao‘

. it 18 not a question of iystehafie network ohservations,
airplane ascants, radar ﬁatd, ete, but of ind“vidual research

% based on different idess involving the use of thesretical,

| labvoratory, and other methodse. It ic difficuit to draw up

& vork plen for 1964-1965, the 1.re so since it will have to‘

take into acoount the findings of foreign sclentists during

- w e

the next one or two years,

: Observations on the optic and eleatrle properties of oclouds

gi

oconatitute & special chapter, Althcugh the nost recent work [5]
has not somfifucd the eld hypethesis of Mshl (1) that rediatien
by haze causes r marked drop in teﬁperature; condanlatioh, and
then the formetion of a cloud, the ontic ppopertics of haze -
the condensation nuclei - shouvld be studied in relation to |
tr.e possible composition of the particles, relstive humidity,
eto. (This has been proposed to the ACY by Tashkent Univergity
in particular). The radiation properties of olouds, ohiefly

L&n'ditforont parts of the infrared spectrum, require detailed -J
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experimental investizetion, noQ.that the thoor;tioal foundae
tions have oeen laid (cf. above). We axpect & good deal of
new information will be obtained by future weather satellites
on the forms, temperatures, altitudes, and, perhaps, nicro-
structure of clouds., The Anerioan Tiros I and II have shown
that this 48 a highly prcmising approach. A weather satellite
woeuld not fulfill ite assignment if it wererestriocted to
simple phot2zraphing of clouds,

Little sttention wae paid during the past two decades
tc the eleotric prepertics of clouds and their affect on con-
dengation and ¢oagulation. The situntion has now ohanged,
and theories have been sdvanced on the charging of small

drops [35, 36] and on the interaction and soagulation of ine

dividual charged and uncharzed drope vhish show that this

!

effect can be significant, although'it is not yet clear how

it “"functions” in the aégregation of drops in a real oloud.

A little informetion hes been obtained on charges of difto:int
site drops in & cloud [37]. Thesa observations ought to be
expanded (there should be available a small number of aire
nlanes for this purpoqs) and s laboratory check made to de-
termine how the process of electrio drop cocagulation takes
place, This might lead to the elaboration of a new method
(mair or auxiliary) for treating olouds, long the dreanm of

Aunch prominent geophysicists as V., N, Odolenskiy.
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Another prodlem whioh mighl be approached the same way
(although it is not one of the main tusks of the ACY) is the
" division of a ocloud into areas of positively and negatively
charged drops, i.e., the strugture of a thunderstora oloud
and the origin of discharges therein). fhooo observations
should also b; taken in ocumuloniadi, Since the latter are
dangerous for airplanes, the work started in the U.3.3.R. to
devise an oloctforndioooado(of.'IBBJ) should be vigﬁrouzly
pushed forward, although it is not likely to be widely used in
the near future.
 The IYQS will naturally entail the development of many
new methods of observation, partioularly radiolooation (which
nov enadble us to observe the miorostruoture as well as the

turbulence and erdered motion in clouds) and photographic meth-

ods, which are helpful in descfibing conveotion, wave processes,

offect of mountains on currents and clouds, eto. The most
diffiocult to develop will be method of observing the struotur’
of oirri from pressuriged airpiun.c and moisture in the upper
iroponphero and stratosphere. Adbout the latter we still know
less, perhaps, than we do about the atmospheric ozone. Eor; )
even such indireot data on moisture as observations on the
dissemination of bands of oirri (band of gradually evaporating
orystals) and disintegration of condensation traces behind
L.;rplunol say be useful.

X
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The scope ol this articla daoea net parmsit us to disouss l
in greater detaill the crgenization of observations in econnection
with the 1YQ8, in which networks of greund (1nolud1ng mountain,
ahip, and arotic) and seorolugical statione will have to take
part, it is easy to pridict that the Airblane will be the
mejor taol of the ACY, both the high-flying plane making uppere
air or horizontal ssundings and the urdihary rlane with an
experienced sercloxist aboard. Invastigntions 0f oharacterigte
ic situations (frontal cloud ayatomn,‘extenoive layere of weve
cloude, convective clouds) will often requiré highespeed and
"eoncentreted" eimultaneous obaervatiang by an entire network
in & certain vegion for several days at.a aignal from some
synoptic ceuzar.,frollowing the nxagp;o of the IGY, such obe
servations oun te oalled “slerts™,

’All this work, as alro@dy noted, will serve at the asame
time as the Soviet contribution to the IYQ3 soheduled for
196421965, A great deal of aerological material will be
collected simultansously throughout the world along with
observations or the composition of the atmosyhers, ozcne, bto.,‘ ‘
not to mention ilonocapheric and other dafu; This new mass of
geophysical observations will be ancther important addition

to our knowledge of the structure of th-. 1&rth'a-aimc;phori.
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STAPISTICA CHLULSTIRISTICS OF THE HORTZONSAL COLPONLENT
OF /IND VILOCITY AT ALTITUDES OF 6 TO 12 KM

«USSRe=

[Poliowing is a translation of an article by
N. 4. Pinus of the Central. Aerolozical Obser-
vatory in the Russian-longuage periodical 1z-
vastiya Akademii Nauk SSSR, Seriya Ceofizi-
cheskaya (Nowa of the Acadeny of asciences of
the USSR, Geophysical Series), No. 1, Moscow,
January 1963, pages 177-182; the original
article was submitted on L3 August 15627

Abstract: This article gives the results of exe
perinental investigations -7 spatial fluctua-
tions of the horizontal component of wind velw
ocity at altitudes of ¢ to 12 km, the correla-
tion coefficients and spectrsl functions and
and their anatheanatical anproximation. It is
shown that the 'minus 5/3 law' i8 correct for
suale2 of horizontal rotions to the order of
several tens of kilome ars.

i“xperimer.tal investigations of the frequency char-
acteristics of the horizontal component of wind veloce
ity have becn made until now Qrimarily in the surface
layer of air. Such iovestigations in the frees atmose
phere involve considerable systematic and instrumental
difficuliies, especially in the upner troposphere and
lower stratosphere, because there they can be made
only on aircraft fiying at great velocity. Moreover, .
the use of acoustic (sonic) and inclinometer- ype
anemonmeters is at this time possible only on aireraft
flying at a velocity of up to 250-300 km/hour.

The only method which makes it pogsitle to mease-
ure the direction and velocity of the horizontal come
ponent of the wind with sufficient accuracy during _,J
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rfligh’cs on highesozed alrcraft is the use of oppler _—l
systems in combination with a highly precise instrument
recording the air speed of the sireraft. Doppler systems
make it posscible with a high desree of accuracy to deter=
mine the air speed and drift of the airecraft. Ly knowing
these values it is possible to casily coupute the wind
veloecity and dircetion. The possibilities of this method
have been described in /1, 2/.

By using the aircraft Jopvler set in combination
with the aircraft speed indicator the author obtained
data on wind velocity und direction at altitudes of 6 to
12 km, measurced ith due accuracy, at pointe in space
3 to b km distant from one another.

The mcasuring apnaratus was installed in a TU=104
and the measurements twere made in horizontal £lizht in
"areas' not less than 200 km in length. nperinental
£lights were made in the spring of 1960 in the Far iast
and in the vinter of 1562 in various regions of the tem=
perate latitudes of the luropean part of the Soviet Uni-
on .During this entire period a total of 1ll5 experimental
flights (200-km "areas') were successfully made. The maje
ority of the experiaental £lights were at altitudes of
9 to 10 kn. '

The obgervational data were used to compute the stat-
istical characteristics of the spatial fluctuations of
the horizontal couponont of wind velocity. The degree of
general disturbance of the field of wind velocities iras
estimated using the generally accepted value

p =Y )
“ .

. vhere u' is the turimlent nulsation of the horizontal
component of wind velocity and u is the mean wind veloc-
ity “or the 'area’,

Compnutations have shown that at sltitudes of 6 to
12 km and with wind velocities exceeding 50 to 60 km/hour
the value V' changes in rather broad limite: from: 0,05 to
0,30, The vartical distribution of y first increases
with altitude and has a peak in the atmospheric layers
7.5«8,5 and 9,5=10,3 km and then rather sharply decreases.

Of equal inportance 7as the determination of the
correlaizionand spectral characteristics of the ap ~{al
fluctuations of the horizontal coponent of wind velocity
at eltitudes of G to 12 knm, The computation of the core

. relation cosfiicients when the pulsations of wind velo- |

i
¥ ot
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vas don: with a '"Minsk-1i" electronic corputer. peri-~
nental standardized correlation cosff

—

R(Ax) =W (x) 0 \z + Az}

@

ed by altitudes and then averaged.

city are considerad ag o stationary randon »rocess

iz, Lo Form of the correlation coeffisisnt D(A %) in
< 3 . - P
senilosarithnie coendinates

In &
choim for

..

{
o i
A I R P
L2 ] g
s
740,5| 14,0 {0,127 n.aentt.w; 5,50 1,402
830, 13,5 10,130 0,40540,63 8.5 1,574
930.5 10,8 |0,185:0,1373/0.94! 7.2/ 1550
103£0.5 14,4 [0,195 o,ur@so.oﬂm.s 1,889
1120,5 8,2 10,140(0,1038(4,46] 5.4| 4,337

Sriedisgy
2
/ /
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o8
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s I
n i}
’ T 7 % W anw B

Tavle 1

Se L the dependerce In 2(AX) and Sy is
aifferent altitudes. It can heen seen that
dependonce between ’

U, R

there is an almost rigowous linear

]

icients vere groupe
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rtheae values. This makezs it possible to approximate the—]
expariqental standardized correlation coefficients by

the expression
* R(A) = Ryoxp—als (3)

Table 1 gives the mean velues o« end R, computed from
the data in P 1,

As might be expected, there is & definite dependence
between the values « and V¥ (Fig. 2): with an increase
of disturbance of the field »f wind velocities there is
a decrcase of the valus & , that is, the correlation co-
efficient  in this case decrecases more slowly with an ine

crease of L x.
02

Moo 2. Jependence of the value X on tha degree of disturbe
ance of the field of wind velocities (V¥ ).

A knowladge of the value ® makes it possible to deter-
mine the corrvelation radius for the stationary random
function u'(x), that is, the distance A x at vhich an ape
preciable correlation is usintained between the values
ut(x) and u'(x + A x). The values (x) and

1, = % )
are given. in Tabla 1. It can be seen that even on an avere
age can attain 10 13 kn.

The mean value u'4 is determined by the contribution

¢£_the fluotuations of the horizontal component of wind
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valocity of different frequencies. In dependence on the l
nature of the £ield of fluctuatiors the determined frew
guancies wiil make the mascinum cqn&ri’bu‘c"i.one and thue to
a considerable cegree determine u'¢, whereas the influe
ence of fluctuations of other frequencies will be nsgige
nificant. ‘This can be seen from the spectral density of
energy distribution S(S)V), being a Fourier transform for
the correlation coefficient R(A X).

15

P Y
T

L)

‘.‘ 2 red/m
ﬂl" !323351'] Fq j‘;’,”‘

Fige 3. Curves of the standerdized spectral density for
" oltitudes of 6 to L2 kn, 1 == 7, 2 «« 8, 3 a- 9, 4 -« 10,
5 hadid 1-]- mo .

It follows from (3) that the standardized spectral
density of energy distribution is ‘
[ ]

§() = 3| R(8s)cnAsd(Ar) (5)

(]
and con be represented in th2 form

b -—-;
'

4

" et

e 3 —
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S (Q) = .,{-ﬂ Roe"2* con Q Azd (A%) )
0

vhere 5. 1s smatial anvviar frequency, in our computas
tions measured in rud/hom,

% st /rea

Ny Cp & Wy 2n
TP Y Y VY

“"_ntww o : Lo
YTV T A R I TN T .;%
Tige Hy Duvves of spactral densivy: 1 -~ in Cs clouds
with <l 2 w= in Ge cloude with &4, 3 e cutside
clouds witha 22, \

it followa frem (6) that the standnrdized spectral

- density of snersy distribution for the horizontsl come
ponent of wind velocity is defined by the cupression:

S(Q) =tz | 7)_|

— 3
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Fig. 3 chous curvee of the standardized spectral -‘1
density for different altitudes, conputed by using (7).
The eyperinental curvas 5(L) do not cover the part of
the spectrum for th2 high frequencies., This is the re-
sult of a neculiarity of the deseribed method Ifor ieas=
urcnent of wind velocity and direction abeoard an air-
craft ecuipped vwith a Dopnler systen,

he nature of the curves 3(fi) is naturally deter-
ained by the value x, With a decrease of « (increase of
Y ) in the spectrum of the random function the small £re-
suencies assume reat woizht and the curve of spectral
density is extanded upirard; but with an increase of «
(decrense of W), on the other hend, the curve is flatten-

ed, . .

Groph 3 shows that changes of :TE are determined
nrinarily by changes in the contribution of fluctuations
of the horizontal coupona&t of wind velocity with fre-
cusncies {3 less then 10~ Ltrad/la,

An analysis of ig. 3 shows that there ia the follow-
ing approximate dependence betwesn the spectral. density
of ener~y distribution S(1) and grequency\sz

~5/3
sy = (8)
corresponding to the Kelnogorov-0Obukbov "'2/3 law' /3,47,
T.ble 1 gives the mean values of the power n for differ-
ent. altitudes. 3ince the scale of turbulent motions is

La%l'}— 9)

it therefore follows that the 'minvs 5/3 law', as foll-
ows from Fig, 3, is corvest for the horizontal compone
ent of wind velocity with scales of motion to the oxder
of sevar:l tens of kiloneters. ,

During the esperinentcl Tflights there was in soue
cases 2 bumping of +vhe TU-LO4 aircraft, most comonly
during £lights vwithin or dircetly at the -gper boundary
of Cs clouds. the bumping of the aircrait is for the
nost part czused by wvertical puets of alr of atmospher-
ic disturbances of relatively high freauencies /5, &/.

It 15 undoubtedly of interest to clarify the vecule
iarities of the distribution of spectral density of
fluctuations of the horizontal component of wind veloe
city in zones of the astumocpnere in vhich airceraft bumpe
ing occurred. At the came tine it should be renembered
that in a cloudlese amosphere the horizontal extent of;J

-~
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rmnea with aireraft bumping is 5 to 6 timss shorter thn:]
the length of tha "area" which we selected for the ex-

parimental flights. The latter is comparable only with

the sone of ing in Gs clowds.

The intensity of atm-z:ric turbulence causing the
bump: of aircraft was estimated from the scale given
in Table 2, . :

. ’ : . :

Characteristics: Intensity of Range of increases
of aireraft turbulency of airoraft over-
bumping in units loads in fractions

} of g (9.81 m/sec )
s o & 50550
Moderate bm?p'gng S - 0.21-0.50
Strong bumping & 0.51-1,00
Very strong (storm) 6" o > 1,00

Jable 3

Charecteristics Intensi -\(""'—-!- A lm
of flight con- ' of u.r-ty u' ¥+ % lo
ditions craft Jan/hr <

b\n?mg '
6 13.8 0,138 0.1891 0.95 5.2

In Cs clouds |
. &2 17,0  0.140 0.0500 1.02 20,0
&tgzdflgfg&a 6t 16_:o 0,267 0,0245 0,95 90:9

This table shows that the correlation coefficient,
when there is moderate bump of the TU-104 aircraft, is
characterized by a smaller value of tha power «

]
522 gave,9f Yask DARLRg PE fbe,givorate. Tha valuss u
Fig. & shows the curves of epectral denaity for core’’

. relation coefficients desoribed by the data in Table 3.

As car e aeen, for moderate alrcraft bumping the curves
S(Sf) «re greatly elongated upward in the region of small
frequancies.

The data cited still do not give the necessary ine
formation on the relations between the fluctuations of
the horizontal and vertical components of wind veloocity

| at altitudes of 6 to 12 km., We will investigate this
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problem in the future.

In conclusion the author expresses deep gratitude to
M. M. Kirpichev, V., I, Chernysh and L. V. Shcherbakova
for computations made on the 'tidnsghkel! electronic compute

or,
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