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Meteorological Investigatlions with the Aid of
Artificial Earth Satellites
. P, Vetlov

Meteorology and Hydrology during 50 years of
Soviet Power {Meteorologiva i gidrologiya za
50, let sovetskoy vlasti), "Gidrometeoizdat!,
Leningrad, 1967,
Tﬁg—aate of 4 October 1967 marked the tenth anniversary‘of the 1aunéhipg
of the first artificial earth satellite by -the Soviet Union., An even shorter

period of time has passed since the beginning of studies in the use of

satellites for meteorological purposes. During this brief interval, satellite

‘meteorolpgy has undergone very rapid development and has attracted the attention

of many researchers in various fields. There has been intense development of

‘methods of measurement, and of apparatus for obtaining various types of data,

important fof‘the analysis and forecasting of weather,  with the aid of satel-
lites, Numerous studies have likewise.been devoted. to working out methods of
analysis, interpretation, and practical utilization of satellite observatibns.
As a result of satellite launchings, material has been gained for further ex-
pansion of these studies and for the improvement of the satellites themselves.
At the same time, experience has been gained in the actual application of
satellite data to the analy;is and forecasting of the weather. Methods of
synoptic¢ analysis using satellit;.data are having a conside}able influence at
the present time on the entire system of the weather bureau's informational and
prognc;s_tic activity.

The visual observations of Soviet cosmonauts and.the photographs of the

cloud cover which they obtained have been of considerable significance in the

development of meteorological investigations with. the aid of artificial earth
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satellites. Even-the initial visual observations made by the cosmonauts were
indicative of the broad possibilities for the use of satellites in meteorology.
The photographs of the cloud cover which they obtained made it possible to dis-
cern many details- o6f the distribution of air-mass convective clouds and the
structures 6f multistaée,’largenscale cloud systems, related to cyclones and
atmosphefic fronts. Observations of optical phenomena in the atmosphere made
5y the cosmonauts were also very valuable for research purposes.

The 1nsu£f1C1ency of basic data required for the successful functioning
of the weather bureau and the development of meteorologmcal studies aroused
-considerable interest on the part of meteorologists in the use of satellites,
The network of observation sites in many sparsely populated land areas and
" over the imméﬁse watery expanse of the Pacific Ocean {which covers a total of
about 80% of the surface of our planet) is so sparse that it fails to provide
a true plcture of the nature of the weather over vast terrltorles Even‘in
densely populated regions, where Weather stations are located 60 to 100 km
apart, the discreteness of terrestrial observations may result in a failure to
detect certain details of the formation and development of weather phenomena.

The lack of complete information on the ;cale of the entire globe causes
parficﬁlar difficulty wifh regard to the meteorolbgicai aspects of aircraft

flights alonv intercontinental routes, and of the navigation of the vessels in

the merchant marine and fishing fleets, whld’l ‘operate on practlgg}}x-_a}}noceans
Global meteorological observations are particularly necessary for the
study of the features of atmoSpheric processes under diverse physical and geo-

graphic conditions, and for the investigation of the nature of their interaction



in the system of the general atmospheric circulation, for the purpose of
developing methods of long-range weather forecastingl

The establishment of a dense network of observation sites everywhere on
the continents, together with a significant increase in the number of weather
ships on the seas ana oceans, would ertail considerable material eipendituré.
Moreover, even if the gove&nments of all countries did build a very dense
system of intercomnnected stations, such a system could not be used very effec-
tively due to the difficulties in the practical colléction and analysis of the
enormous volume of data gathered from points scattergd over the entire planet.
In addition, the use of conventional technical means does not permit regular
information to be obtained regarding the amount of radiant energy in various
'segments of the electromagnetic wave spectrum which is lost to space and which
remains in the atmosphere. In order to obtain this information, which is im-
portant for the study of the atmosphere and th; processes occurring in it, it
is necessary to megsﬁrg,the radiation currents passing through the uppermost
layer of the atmosphere, i.e., at very great heights from the practical point
of view.

Modern achievements in the field of space research indicate that the usé
of artificial earth satellites opens up broad'opportﬁﬂi%ies for improving the

+

function of the weather bureau and expanding meteorological inveétigations.

-

Artificial sapéllites used specifically as carriers for various types of

'scientific apparatus can make it possible to obtain regular information regard-
ing the atmosphere and the subjacent surface over the entire planet, uniformly

describing the entire globe in terms of meteorological data. Since they make
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it possible to scan large areas from above,in.a short period of time and then
transmit the observational data to recei;ing stations; éatellites are also
capable of making the collection of meteofological information moxe practical.
In recent years, methods have been proposed for using satellites to
obtain a great many different types of meteorological daté. The following are
of primary intevest in the analysis and forecasting of the weather:
(a) Digtriﬁu@ion of clouds, snow cg}er, énd ice fields.
(B) The temperatures of the subjacent surfaée'and the upper layer
‘of clouds.
(¢) Components of the radiation balance of the Earth-atmosphere
system,
(d) Vertical distribution of temperature and humidity in the
atmosphere.
{e) Zones of precipitation, their iﬁtensity,'distribution of storm
clouds, etc.
With suitable measuremeht“accuracy, these data which have been collected
from the entire globe serve fo supplement and e&pand considerably the matérials
from conventional observations. On the bgsis of known reguldarities and
;elationsﬁips, they make it'possible to determine the stafe and mbd;ficatiOn
of other'meteorological elements, which cannot be measured directly from
satellites. Their joint analysis with data from terrestrial observations can
serve as the basis for préparing weather reports and forecasts for many users,
The most important problem facing space meteorology today is that of

forming a constantly operating system for meteorology in space, one which would



make it possible (by means of artificial carth satellites) to have regular re-
ception of a wide range of meteorplogical. data on a planetary scale, and one
which would satisfy the requirements of the weather bureau with régard to
accuracy, periodicity, spatial resolution and synchronization_of observations,
and the speed with.which the informetion could be sent to the organizations
inferésted in it. The design of such a system.requires tﬁe solution of a great
many theoretical, e&perimental-de;igniﬁg and testing problems. Considerable
energy must be devoted to éhé development of apparatug on board the satellite
which would ensure reliable meteorological observations as well as long-term
operation of the sétellites in interplanetary spape: The outlcok for the use
of satellites for meteorological purposes depends primarily on the successfui
sclution of this problem.

"The volume of information arriving from all over the world via the
satellites in-such a system will be e&tremelx great, and the problem of its.
practical analysis can be solved only by the use of highly efficient electronic
cémputers and various automatic devices. This brings up the iﬁportant ﬁroblem _
of building an automatic system for receivihg éﬁd analyzing satellite informa-
tion, This means that meteorologists will have to learn not only how to
analyze and correctly interpret qualitatively new data arriving from satellites;
but will also have to use them effectively in analyzing and forecastiﬂg the
weather. The practical use of the vas£ amount of material which will result
from the analysis of the satellite cbservations will also require eipansion

and improvement of communications media.

In order to solve the numerous scientific and technical problems related



to the construction of a constantly moving meteorological system, it is
necessary to acquire experieﬁce in using meteorological satellites and to

collect material for further investigations,
Acting on this assumption, those in the USSR who have worked on the
scientific research and designing problems related to the meteorological

utilization of satellites have devoted themselves initially to developing an

experimental meteorological system for use in space, which is intended fox

~

obtaining meteorological information for the weather bureau and for analyzing
problems of meteorological investigations with the aid of satellites.

It was décided to build an oriented.satellite, carrying out a broad
program of mefeorologicai observations, for use in the experimental system.
The apparatus aboard it included instrumentg for simultaneous detection of
cloud fbrmat;ons, snow and ice cover in-;he visible and infrared regions of
the épectruﬁ{ meashrément of outgoing radiation in order to determine the
temperatures-of clouds and the subjacent surface, and the components of the
radiation balance of the Earth-atmosphere system. This assembly of scientific
apparatus was tested aboard the “Cosmos 122" satellite, which was launched on
55 June i966. At the same time, when this satellite was launched, the operation
of variéus control systems on board was tested, along with the checking of
terrestrial facilities for receliving and analyzing the meteorological informa-
tion.

The "Cosmos 122" satellite, which was successfully placed in orbit for
a period of 4 months, Earried out daily meteorological observations above

different regions of the globe. During this time, the satellite made it



possible to obtain a large volume of observational data in the form of photo-
graphs of the cloud cov;r on the day and night sides of the Eafth, as well as
the results of measurements of the outgoing radiation. These data were of
great value for both the scientific résearch péograms and the practical
operation of the weather bureau. Therefore, after %he_methods of analysis had
been tested, the most important ones were distributed to fhe subdivisions of
the Hydrometeorolpgical‘Service of the USSR and the meteorological services of
other éountr}es:

The next step in the project came with the launchings of the "Cosmos 144"
- and "Cosmos 156! meteorological satelii%es {on 28 February 1967 and 27 April
1967, respectively). Both of these satellites were placed in low circular
orbits, passing 625 to 630 km sbove the Earth's surface and inclined at 81.2
At the end of August 1967, the "Cosmos 144" satellite had completed'2§00
revolutions around the .Earth, During this tiﬁe, there were 464 sessions in-
volving phdpography of the cloud cover on the side of the plenet illuminated
b& the-Sun, and 577 operations of the apparatus for phopog&aphing the cloud
cover on both the day and night sides of the Earth. On the vhole, during six
months of operation, the transmitters mounted aboard the "Cosmos 144" vieWeé
thé‘enéirq globe 65 times and sent back an immense amount.of information on
cloud cover and radiation currents. When the "Cosmos 156" satellite was placed
in orbit, the event marked the beginning of construction of an pxperimentaf
meteorological system in space, called "Meteor', consisting of orbitiné meteoro-
logical satellites in the "Cosmos' series and a network of ground stations for

the reception, analysis and transmission of the meteorological information



from the satellites.

The "Metedr'" system consisting of two satellites ("Cosmos 144" and
Cosmos 156") makes it possible to obtain information on cloud cover and out-
going radiation from half of the surface of our planet in the course of 24
hours. Thg fesults of phe analysis of this information are widely employed in
the daily work of the forecasting sections of ‘thé Hydrometeorological Sexrvice
of the USSR, - At the saﬁe time, they are regularly available for international
exchange,

The meteorological investigations with the aid of artificial earth
satellites which have been carried out in our country in recent years have also
included eiperiménts in receiving television picéﬁres of the cloud cover from
the. communications satellite "Molniya 1". These experiments are of interest
from the standpoint of e%aminipg the virtues of using high—brbital satellites
in a continuwously operating meteorological system in space.

On the whole, taking into account the important position and tremendous
péomise for the use of satellites in meteorology, the present era must be
viewed as a preliminary stage in the construction of a system which will satisfy
the requirements of the weather bureau.

Scientific Apparatus Aboard the\”tésﬁos” Métgoro]ogica? Satellite

From the standpoint of desién, the.”Cosmoé"rmeteorological satellite 1is
2 eylindrical container with two panels carrying solar batteries; the latter
unfold after the satellite separates from fhe carrier rocket'tﬁigure 1). The
lower part of the container houses the instrument section; where the scientific

apparatus'is located, while the upper part is the power apparatus section, in



which the principal control systems are located.
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Figure 1. "Cosmos 144" Artificial Earfh.SateT]ite
The control equipment of the sateliite includes various electronic and
radio-controlled systems which automatically take care of the following: the
electrical supply to the apparatus on board, and creation of conditions necessary

fbr its normal function: orientation and stabilization of the satellite's
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position in space; recording bﬁ;éfﬁé£igﬁai.;esults and their transmission .
to Earth; control of all systems on board and monitoring of their function;
radio observation of the satellite and measurement of its motion parameters;
relating of meteorological and control information to time.

It is very important for the meteorological apparatus that there be con-
stant orientation of the instrument section of the sateilite housiﬁg toward
the Earth (more precisely, along the local vertical to the n;dir) and along a
given course (speed vector); this is ensured in fligﬁt by a heavy-duty system
of triaxial orientation. Stabilized orientation of the instrument container
toward the Earth and along the course makes it possible to carry out observa-
tions directly below the satellite while carrying out an itninterrupted pqogram
of measurements, and it also simplifies the matching of the results of the
bbservgtions with the location, as well as their interpretation.

To ensure ﬁninterrupted operation of.all satellite systems, its solar-
batteries, which constitﬁte the power supply fér all the apparatus on board,
are automatically oriented toward the Sum,

A television apparatus—CTV) is used for observations of the cloud cover
on the day side of the Eafth. This device uses two cameras to take frame-by-
frame pictures of the cloud cover and -the subjacent surface alqné'the route .of
the flight. One camera photographs the left-hand side of fhg field of vieﬁ and
the other phothraphs thé right-hand side; there is a slight overlapping of
adjaceﬁt frames. In determining the parameters of the TV apparatus, the problem
arose of obtaining TV pictures that would give information sbout the shape and

number of clouds in areas commensurate with the dimensions of basic synoptic
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objects (cyclones, anti-cyclones, atmosﬁheric fronts, etc.). Taking the
peculiarities of the structure of the cloud field into consideration, the TV
cameras were constfuqted in such a way to solve this préblem that from a
height of 600 to 700 km the width of the scamned strip is 1000 km, and the
spatial resolution of the images is 1.25 X 1.25 km at the nadir,

An infrared apparatus (IR) of television type, sensitive to the radiation
current in the "transparent window" of the atmosphere (8 to 12 microns), is ‘
used” for obsérvipg the cloud cover on the night side of the Earth. The maximum
of the radiation emitted by the Earth's surface and the clouds is concentrated
in tﬂis portion of the spectrum, and its value is determined mainl} by the
temperature of the radiant surfaces; at the same time, there is practically no
reflected solar radiation. With the aid of this IR apparatus, therefo?e, it is
possible to detect clouds against the background of the Earth's surface by
thgir lower values of outgoing radiation, on both the night. and day sides of
the Earth,

To obtain an image, the scanning mechanism of the IR device makes a
scanning motion in a plane perpendicular to tﬂe plane of the orbit, successively
scann;ng.one section after another of the selected field of view. The scann-
ing-period is set so- that a continuous image is obtained along the field of
view, For analysis of a cloud field, the width of the scanned strip examined
by the R apparatus is set approximately equal to 1000 kml Its spatial resolu-
tion amounts to 15 x 15 km at the nadir, while the sensitivity to temperature
drops is 2 to 3° at positive temperatures and 7 to 8° at negative ones.

The outgoing radiation is measured by an actinometric apparatus (AK),
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consisting of two scanning narrow-sector and two non-scamming wide-sector de-
vices whose field of vision encompasses the entire disk of the Earth as
visible from the altitude of the satellité. One of the narrow-sector devices
measures the intensity of the outgoing radiation in the spectral range from
0.3 to 3, while the other operates in the spectral range from 3 to 30u, with
scanning in one direction, and 8 to 12u, with scanning in the opposite direc-
tion. The selection of these spe;tral ranges was based on the fact that the
majoxr portipn of the energy in the flow of solar radiétion lies in the
spectral range from 0,3 to Sﬁ, while the natural thermal radiation from the
Earth's surface, the cléuds, and the atmosphere is almost completely restrict-
ed to the 3 t6,30u region of the spectrum, Hence, the measurement results in
‘these areas of the spectrum can be used to study the reflecting and radiating
properties of clouds and exposed areas of the Earth's surfgce, respectively,
as well as to determine the components Bf the_fadiatién balance of the Earth-
atmosphere system, Measurements in the spectral range fron 8 to 1zﬁ, in which
the atmosphere exhibits weak adsorption of the 6utgoing radiation, make it
possible to determine the temperature of the upper limit of the clouds and of
the ekposed poftions of the subjacent surface, located within the field of
vision of the aﬁparatus.
‘Simultaneously wi%h the determination of the parameters of the narrow-

“sector AK instruments, the problem arises of obtaining data suitable for joint
analysis with ground observations and for-refinement‘of the analysis-of the TV
and IR pictures of the cloud cover. On the basis of the density of the gkist—

ing network of meteorological stations, the spatial distribution of these
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devices was taken as equal to 50 x 50 km at the nadir. The working angle of
their scan was set at 60° from the direction of the nadir, thus making it
possible to ensure sweeping a belt of terrain a@proiimately 2500 km wide.

The floﬁ of.outgoing radiation is méasured in the spectral ranges from
0.3 to 3u and 3 to 30u by méans of the wide-sector AK instruments, which
directly sum the radiation over a large area.- The results of these measure-
ments, as well as the measurement data from the narrow-sector instruments,
make it possible to determine the planetary distribution of the radiation bal-
ance. In the first case, however, reliable determination requires considera-
tion of the angular structure of the field of outgoing :aﬁiation (known at
the present time) for more exact definition. Whén radiational measurements
ére.obtained whieh differ in angular resolutibn, they can be. compared and their
_agreement checked. The relativé measurement error of the-AK apparatus is
approkimétel& 5%.

The scientific apparatus performing these functions can operate in cycles
of varying length. It is switched on by a special programmed device or on
command from the Earth.

The‘Successful 1aunchiﬁg of the "Cosmos 122", "Cosmos 144" and "Cosnos
156" satellites has made it possible to engage in practical transmissions for
weather sexvices, including TV information on clouds; this sort of information
has been distributed widely by the USA in recent yeérg, in conjunction with
their construction of meteorological satellites; along with the results of de-
coding the IR pictures of the clouds and measurement data_on_the outgoing

radiation, reflected and radiated by the Earth-atmosphere system. The volume
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of transmission for all observations was greatly e&panded with the development
of the "Meteor" systemt This is certainly an outstanding achievement of
Soviet science and technology.
Some Resu1ts of the Ana1y5|s of Satellite Information

A preliminary analysis of the_materiéls obtained by means of the "Cosmos
122", "Cosmos 144", and "Cosmos 156" satellites has already shown that the
shapes of the cloud formations, their structures, and image brlghtness are
characterized by con51derable variation. The structures of the cloud fields
show features which cannot be tracked from gfound meteorological stations,
with the Iimited field of view of the observer, Both the TV and IR pictures
usually allow a reliable discernment of large-scale cloﬁd'systems, related to
cyclones, hurricanes, typhoons, atmospheric fronts, and zones of intertropical
convergence, as well as fields of ai;-mass clouds. In these cloud systems it
is usually the mesoscalar features of their structure which a:eigtudied: cloud
bands of various sizes, usually elongated in the direction of the wind at the
level of the clouds, convective cells of varicus shapes, consisting of cumulus,
stratocumulus, alto-cumulus, and (in ﬁany instances) cumulo-nimbus and others, .

The nature of the structure of the cloud field, the shape of the cloud
formation, and the brightness of their images on the pictures-usually permit
conclusions to be drawn regarding not only the position but also the state
evolution of corresponding synoptic objects and air masses. Thus, for example,
on the basis of the unique vortical structure of the clouds whiéh is typical
of cyclones, hurricanes,-and typhoons, we can estimate the stage of their

development; from the width of frontal cloud bands, as well as the structurs
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and brightneés of their images, we can gain some idea of the activity of
atmospheric fronts and the development of wave disturbances in them. By study-
ing the shape of the clouds and the nature of the spatial distribution of cloud
elements, .we can estimate the wind, the type of air mass, and its temperature
stratification,

In the TV pictures, it is‘possibie to distingufsh mesoscalar features
of the distribution of air-mass clouds, connected with features of the local
relief and therméliinhbmqgééeifiég of-théngﬁﬁiﬁéeniiéurfgéé."_Tﬁu§;'foxi}kample,
orographic cloud belts are observed on the leeward side of mountains,‘;epeat—
ing the main folds of the mountain ridges, and the effecf of large islands and
lakes, the air circulation on seacoasts, etc., én the distribution of clouds
‘can be followed. The IR pictures taken at night and in the daytime are
practically identical in contrast, and the possibilities of distinéuishingtBéF
tﬁ;ﬁgf&ifféfeﬁ£_£§£§é“8ffzibﬁ&§ on the basis of these piEtures'arg-ébéﬁt’eduél.

During weather when few clouds are present, the difference in the re-
flectivity and'temperature of different sections of the subjacent surface makes
it possible fro the TV and IR photographs to distinguish dry land from water,
to see coastlines, the valleys of large rivers, the limits.of unbroken sea ice,
éﬁow-c§vered mountain massifs, etc.

'On the basis of radiational -observations in each of the spectral ranges
(0.%-3, 3-30, and §L1é_ﬁ5;hiiméppé§£é-pbésiﬁlé:"éfﬁieasf_iﬁ_ﬁiddiéfaﬁd i@ﬁ
létitudes, to discern large-scale dense cloudiness aﬁd‘regipns where there are
few clouds. The results of measurements in the spectral ranges of 3-30 and 8-

12y may be used for these puiposes both day and night; in the "transparent
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'window" at §412p, they allow an approximate estimate of the height of dense
clouds, thus considerably improving information on cloud cover. Since the
‘ﬁajority of elongated cloud systems are related to.cyclones, agﬁOSPheric
fronts and zones of intertropical convergence, the radiation data reflect
these objects as wéll.

The analytical results also indicate tﬁat the simultanepﬁs reception of
TV and-IR piétures of cloud covér and the measufemen;_of outgoing radiation
from oriented satellites is of considerably greater value for studying weather
conditions aﬁd atmospﬁeric processes than the reéeption of individual TV phgtq-
- graphs of cloudvcover on the illuminated side of the Earth. By significantly
improving and supplementing one another, these reports make-it possible to
estinate more Tliahly the sydptic coRdi€ions and the natus§ 6f the develop-
ment of -atmospheric processe;. This information is of primary importance for
an analysis of atmosplieric processes and weather coﬁditions.above regions which
are. insufficiently gccessible to conventional meteorclogical observations. It
is also suitable fo# analysis in regions with.a dense network of mefeorological
stations, since it allows corrections to be made in the analysis of weather
charts.
Anélysis of Satellite Information

The use of satellites in the interests of the -weather bureau requires the
organization‘of a ground system for the collection anélysis and distribution
of satellite information. The first step in the scientific research and ex-

‘perimentai design aspects of the building of such a system, based on its

application under practical conditions, was completed in 1966. The method
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which was devised and the ground facilities for the reception and gna{ysis of
information.were tested and put into experimental use in conjunction with the
meteorological satellites "Cosmos 122", Cosmos 144", and Cosmos 156". Let.us
pause briefly to discuss this. system.

At the ground receiving sites, the TV and IR information is recorded on
,mﬁgpetic tape and film simultaneousiy; AK information-is recorded only on
magnetic tape.

Analysis of the pictures recorded on tape includes the following:

{a) Preéaratiog of photographé and photo montages.

(b) Decoding, geographical and chronological matching of images.

(c) Decipherment of cleud-cover pictures.

(d) Compilation of schemaéic charts of cloud cover (nephanalysis

charts), suitable for transmission ovér facsimile lines.

(e) Compilation of letter-number telegrams Baéed on‘nephanalysis

‘chart data,‘suitable for telegraphic transmission.

Spécial projection tables (illuminated stands)‘and.previously prepared
transparent graph papef‘and-blanké.with‘a grid of geographiéal coordinates for
coﬁﬁeréion are used for decoding and geographical matching of the TV pictures.
At the same time, a special elec£ronic apparatus has been deviseé and tested
for performing these operations. This apparatus consists of a l;cal telévision
"system, whose scan is controlled.by an anﬁlog computer.. The input from the -
:tape récorder‘receives a video sign;I, recorded during the communication'seégion

with the satellite, as well as data on the angular orientation of the satellite,

the flight altitude, and the coordinates of points below the satellite. At the
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output, the pictures emerge with a superimposed grid of geographical coordi-
nates, free-of perspective distortions and converted to a single scale, From
these pictures, which are very suitable for comparison with synoptic charts,
it is easy to compile photo montages. A fragment of such a photo montage is
shown in Figure 2.

A geographical grid in the form of meridians and parallels, previously
prepared wiéh the aid of aﬁ electronic computer, is‘qsed for decoding and
geographic ﬁatching of the IR pictures. This grid can be superimposed ﬁhoto—
graphically on the picture.

The problem of deciphering the cloud cover from the photographs is viewed

'as a2 problem in image i;i{entificja-tibfl-;‘ under the conditions of pragtical‘ work ,:
it is ;olved qualitatively, The basis of this method is the differences in
brightness, siie, %nd structure of the cloud images and object§ on the sub-
jacent surface.  The overall‘synoptic situation and apparatus parameters are
glso takgn-into account., ﬁy studying the tone and structure of the image by
means of its visual analysis, the photographs are used to determine the
boundaries of the cloud fields and to determine the different characteristics
of the clouds (shape, number, structure, etc.). The charactéristics of the
-cloﬁﬁslare represented on the nephanalysis charts by conventional symbols,
Ekamples of nephanalysis, together with the pictures related to them, are
shown in Figures 3 and 4,

The measurement data from the AK apparatus are analyzed with-the aid of
a computer. The program of machine analysis provides for the matching of the

measurement results with the time and geographical coordinates, converts the
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measurement data into physical values, and gives out the results. The results
of the analysis appear in.the form of numbered charts of radiation temperature

(on the basis of 8-12y measurements) and the intensities of reflected (0.3-3)

and emitted (3-36’u) radlatlon._ The charts are supplled Wlth a grid of geographlcdi

coordinates automatically superimposed on them. The technique of further an-

alysis of these charts is analagous to the techniqué of the analysis of

’terrestrlal and upper air weather charts Sectlons of radiation dharts are shown
in Figure 5, 6,-and 7. On these charts, the radiatio£ temperature is given in
°C; if the temperature is negative; the number 40 is added to its absolute value,
-.Thé intensity of the reflected énd'émitted radiation is given in'calories/cmz'
='min-;teradian'-102. The time (hours and ﬁinuteé) is printed on the number charts,
to the left of each liné The radlatlon charts are produced Wlth isolines
drawn on them for transm1551on over facsimile lines.

'-Analagous aigorithms and programs have also been prepared for the computer
‘analysis of the measureﬁent_data from the IR apparatus.

-The analyzed information is collected at the Hydrometeorglogical Center
of the USSR, from where it_is'trénsmitted to subdivision; of the weather bureéq
both in the Soviet Union and abroad.

The completion of tﬁe firs£ stage of work in the construction of a gyétem
fbr'cqllectipg,.énalyzing, and distributing satellite iﬁformation is an im-
portant‘contfibution to the solution of the probiem of fﬁe’complei automation of
the Hyd.rometeorol'ogical Service of the USSR, Effective use of the satellite
informatiﬁn will be méde possible by the further development apd eipansion of

this system, based at the Hydrometeorological Center of the USSR at Moscow and
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i lysis and TV Picture of L1 ]
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1121 hours (Moscow Time).

[Tr. Note: ZNCh, NBL, and S are arbitrary symbols not defined in text]



~¢Z-~

129°8

7
f'l E ; m o ik !

o w\ ko NE“]}:‘_‘I‘ qh“ﬁ ‘gf!f

‘ég;w .\; .- E%?;f!% " 1.' ,‘.“ h 1‘%\”@%& %;S' ﬂ I‘ j ij f‘ %’:J}.;gj"?ﬁ‘ﬁ-%

‘;.l‘
.[‘-.. "’? 'fs }f{‘

; i }"! ; ’?&3"‘5’?;*3‘:‘:"‘
e Ry H’H-:x X ¢-u ‘{‘Q e A
3 o —.:ﬁ- r“ & "‘J \-““ LTr y“?"‘““"';i""""
?ﬁ\ _..’*1{}!% ;@ ’5‘:}3@?\’ ,a:; %‘!: “; ggs ,I”‘ ;,r,- ’&%,‘5'55,"»::{:{%&;51
5 : meﬂwwﬂwg"“ﬁ “ ﬁwﬁ AR
RIS G w£ﬁ%%¥@%ﬁﬁ%%”ﬂwﬁﬂ%”%M“WWQMF
e e
R e P 3 E e e Soey i oo i $ i W
| e e B R
4, ,r\r ‘ TRE 3 ’3-'\‘-&.‘ —‘Fr:\ SF e v g A RSN “:‘“Fai‘.?\' P "f"?.t&’%:e‘«-- ‘a‘\"?‘.- i g zfm:ﬂ.g'f.‘{'l *ti‘—"",h‘w ey ’
.-‘7:9:}_ e f i it 4%%@:@“@}%& PR e :«;@5?24; SR e A
# 2rv’§§" ghoitinT Ry ’}}‘ a‘-‘.«‘”é(m ,g,,,am;o" ) i Q?*‘x‘@'“‘é““b“w Lt it 3’}':‘“‘:"‘ SRR R B
“Mﬁw,“ﬁ n Heh b e N S AR S e R I T G b

Figure b, Nephanalysis and IR"Picture of Clouds. "Cosmos 122", 15 September 1966,

1837 hours (Moscow Time,



0r.02 05 o5

PN

Flgure 5.

Radiation (on the Basis of Measurements
4 March 1967,

Region).

- 1 S
Of o7 I 11 I8 16 Ie
o1 0 I1-18—12—09 I
L0, 1G0T 16 12 T0 56 12 i{°

PWest Longittde

0 . Yest Longitude - *>West Longitude
OF.I4 T2 j09 06 08 03 06 06 Y5 a7 06 ©5 05 05 D5 05 O+ 05 05 05 05 05 05 05 05 05 hs 05 67
own i bbbt 203,01 06 07 07 08 09 07 09 9 05 10 06 05 05 05 05 6 M-fal""" North Latifiude
or.14 15 10593,:@‘ 220 11 mk T2 T 05 05 05.05~05-01—07
oL 10 191625 sfﬁTﬁFﬁ‘Wa =09 a;"m fi_fo~i0_g9 05 05 07 o7 07 B
gy Wa aag P az 394773 STIAg6 29 29 29 ok zA:ze)n 06 o
o113 11\291£ry, Sl 5@1)/22 % 050 O 7] "N
Lo et og"'ﬁ;_s"ou-u‘a-m%;_zs"zz W B /o o s oo s
NO lth oL _, I3 @:9 69 67 o7 07 OF D‘; o7 07 5608 05 07 05 0 06 03 05 15
by Yo 3 of 09 03 o7 07 07 O, 07 ©7 07 05 07 07 07 5 05 07 06 06 05 1
~Latitude 45 12 13 I3 03 o7 07 07 04 03\ 07 07 €7 06 05 06 08 07 03 7 OF 0505 w
o112 rzs/.{:mmoaoaosnsnvovwoeososesmososososns 08
o112 Qé,‘mmmm'musosl\10?0607!21919 5 05 65 07 05 03 08
ol.1z T, 06 07 07 03 03 09 09 03 Is o7 & 07 G 1> 15 1\08 05 05 07 08 o
oLIL 1N0s 03 b7 07 038 03 09 BB B AT 0 0 05 0 %@ 00,
OILEL 013 v 0 06 05 07 09 26 LB 3 T6— 07 —05— 05 05 G 65 0
oLl 0G0 m 09 08 06 05 }J’;:?LIO-JO___M
o110 69 02 09 ¢ 09 07 05 05 I2 10 05 5 05 0% 087 1722826 19 17
CLID 0808 i IrGs. 08 g8 1716 uwn-—m/ﬁ"—i@@%m
o110 03 mﬂs U~16-28 20 28 29 %9 W ol l8-25 K W 27 3839542 33 v
01,10 o oF :aﬂ;;?w:n/sf;s I3 u"a‘-'o"'-iw;}\-za/sa o 37 35 33 05 29 :ufm o2t
or.10 eado 15 B0 3 C%0 32’_“305 éu A3 M0 A5 Wy W] M u s 38 3232 28 o o3
0109 I xvy{ G wgn 33 s T s B I of o8 \0 .
01,09 I g R R T TS TN T zz{xa 31z 12 b 18 2 at 19 1NE 08 09
01,09 30 327 I19TIZ o 12 B ISe07 15 & 2V 16 1 20, o<l 15 Z 19 ¢ o9
01.09 22 gz 6 16 10 m o 07 os 2tate gL a7 o o8 \t7f 05 ns o7 oT~187 67 2 :
ooz 20 u/es 05 07 €63 05 10, J2 102 03 ©8 ©5 05 osvos...ns-os-os—os—ns us-oa-m-o'i—m"o'vmo South’ Latitude
o108 O3 o1 05 15 9 05 05 @ 0‘9 12-D~157T2 10 09 07 66 05 07 08 05 Oh 05 07 05 05 05 06
ot,08 mosusosmua‘nsnwnnoeoaosososo'rmn:z:sm cg o7 ] 0
South s ) _0}05@10 2 10 10 10 0% 06 05 05 05 /1T I ot 2 05
[N -M,.M'OSBEIZ[!HIDIUKIW oIt 07 05 AF 12,07 Ok O 16 17 15307 €3
Latvl'tuc}-i_uwﬂi‘-"ru 12 10 05 banJe\sfor os{13,65 o 09 o7 05 08 BT O 09 o8
’ We,st 01,07 \m o6 07 07 % 03 fio 10,10 03 OFG7 06 O7 08 05 05 05 ©5 05 05 05 06 I
ox.m 07 05 05 07 03 0F 16712 129 03 07 0 10 10 09 06 O+ O3 05 05 63 05 08 OF
LongltUde 06 05 05 06 m.0¢ AL R 7 o 05 05 05 05 05 0¢ 03 04 05 05 05 05 03| GMJz-
OI.OG G101 65 10 10 &7 05 0F 07 Ca-107Tl 12 07 05 09 05 D& 05 0% 04 05 o05lor o3 iC
0105 0 06 07 07w 03 x?’ﬁ 517 W BonG U, t 45 1'% o 05 05 08 05 05 06 |07 03
OLOS 0} 05 0605 05 @ O 1 I 120 07 06 Oy G5 M 56— 05—05— 0507|0708 207 South Latitudée
or.c5 05\ 05 05 05 05 06 AT 17 15 1 07 05 050y 05 &5 G5 06 m o5 o1 09 T e
oF.05 o3\0s 05 05 06 _ogf-T2—II7IT 10,03 07 06 ,30\Te umsausosoawoenan
South onos, o o Voo Ta-16~09 10 ;51 "0 2% 19 21 Iy \io Io 03 8 07 08 07 :o’?a\gi:z 13
oL0S oy 1 11z 1 1 p(a/fs -0 T WG 05 05 06 07 08 O£ ob I3 IG5 G ONI7
1 — 1 [)
LatltudEn:.m 109 Iv 09 07 I0 I« 16,09 07 09 07 06 06 07 08 4 03_ct 13, 1Nos 03 30
0504 ) 22 m/m' o7 06 05 06 05 DS 05 (Te 17 sz—'zz 5 1555 I.’.an
OF.0 T 0T @ 7 o 08 05 o7 o7\os Ber-iosisTir 6 zszzls\ea\
X €7 06 08 07 05 05 05 05 05|05 D5 05 0% O3—08~63~iD 1z v Is 1307
QE.OSI o7 ﬂBD&WmBﬂ06050507?705070505050‘507101503"‘1009
01,03 © w et o 1o 13 12 03 05 6 15 07 07 85 05 0| @7
01.03 o8 1o 0z 08\ I o T02. 09 084Ta To g o8| 11
o103 or 08 09 L7 09 0013 16 B LI o9fos - .
e oo o Y :EzﬁmFﬁfz i South Latitude

Chart of lntenSIty of Refiected Short-wa;es

"Cosmos T4k,

-24.

in the 0.3 - 3u


http:10l8o.00

12 1y

Sest Lon!itude

1 e West Longitude; o 1
oI 2(15 15 15 15 Me—i6~IsTasu15 6 36 16 18 15 5 6,06 % te 18 16|as 3 15
OF.Is 12 BT i :uﬂ%@s I3 tn\rs"":e, 6 1% 16 ,r/ts 5
oM Ty 19925 o G —Ce—C9—08 GOy T wfis ts1e 16 16 15 1 - 1
OL.I4 g T 0—io_11_1o\ 3 et T 6 b IE T TS TR Y Noxth
0ol ! ! itude
North &® e W e/ W oo 15 i 1 Jefs s o Latitu
. - 01,13 13 I e e tete—16 16715 _t_g_gs/u
‘Latttuderns 12 15715 16 16 Ie—16~16 66 16 16 16 16 16 16 I¢ 15 1[I iz Is-14
.13 5 Iy 15 15 GG I6 16 36 17,17 16 17 16 16 16 17 17 16 16 16 17 16 Ie—Té—1é~tis 15 Is
0L.I2 v 115 d6 16 16 16 Telts 16 16 16 16 16 35 16 16 16 16 16 16 I I 1eots 15 Is -
WIR AN IS (618 16 16 6 U6 16 36 169636 16 1 %6 k% 16 16 16 15 8 15lis 15 I
oLz Mis 1stie 16 16 16 16 16 16 15 16 16 € 15 NG 6 f6 1 % 16 16 15456 15 s Is 15
oL.Iz 15 15 15 16 16 16 16 Is 16 14 I¢ ;{:s 5 oI5 12}\:5—15—15*15 T 15 15 15 fi5 Is Is
or:1t I 15 15 16 16 16 16 15 T6 J6\ 16 X6 15 15 15 I5 15 Is 15 I3 15~16"T6 165 f5 15 15
on.u BOm OIS 6 16 55 18 16 16 16115 16IEIS IS IS I5 15 46 I Lol6 16 06 A6 J5 15 15,
oLz I3 15 46726 16 15 16 16 16 16 {16 16 16 16 %6 & Te-Tefotiliole o To 15 15 1o 15
oL i5 15 6—-!(?5\]5—16"‘!""'Iﬁ':lS'"‘%&-—[ﬁ—-{G-—l BE 1N ’__’E/Jj__lg,;v‘]#—h-t-i
LI o IS 15 155715 I3 15 13 HTMQWE b0, 11 11 13 12 12
LI0 S5 15 ita 150213 16 1 (xo-—mgéor‘m W ca%ff@ ¥3_1e 13
o110 €6 Iz 1F 1 \EH! jr_O_Q/GE 0303 B3 0% 03/ 117 13 lﬁ{ll 13
0110 IWOS o T Lo 08w o8 o 10T 1 OS5 e
W, g o 08 €3 10 0% 10 0908 T0~0® B Tor6 11 BTN
QL T3 TS 6 15 15 15
oo g BIS/1S 15 15 15 16 16 15 15 IS Is f5 15 15 1Is
o9 AI5 BT neTs 1616 15 15 1 T 16 15 1616~ 16—toi6_l516~IE 16 I3 15 IS
01,08 :g \fis 5 15 15 15 _gsAs 1e\g5t6_1d 361 RO e 16 15 16 06 6 16 16 B5J$ 15 15 10° Sourth
11.08 15 I-I86-18 16 16 16 16 16 16\ 16 16 15 IS Le—I5——16—16— 165 6 16 16 15 15 ou
01.03 PRI I O ws..rs—l&-'rs 16 16 16 18 I 16 Is }_Js\:/,a/d ts 15 Latltuqe
South @ .° 15 15}6-’,_3_6,16—-15 T 16 16 16 16 16116 16 16 16 m@:s—qs 5 15\gSts s 15 15
. - -01.07 .'!5"‘15 16 16 16 I6 16 1€ 18 18 16 16 16 15 16 16 ISNI5 IS-16~J5 15 I3 15 farf7) I3 15
Longitude o 15 15 15 16 16 15 16 16 16 16 16 16 16 16 16 16 36 15 15 }M«:x‘ad 15 -
West owr B 15 1% 16 15 16 16 17 18 6 16 16 16 16 06 16 16 16 15 15 -1e—Te :<:s 15 15015 1 H
Latitudaw I3 06 16 16 16 15 16 16 16 16 16 16 26\ 16 16 16 36 16 16 15 I6 16 16615 15| 15
oLi6 1516 16 16 16 15 16 16 16 16 16 16 16\16 16 16 16 16 1 16 16 16 16 16 3% 15|15 Is
01205 I5 )6 16 16 X X5 36 % I6 15 I6 16 I6\16 16 16 16 16 16 16 16 16 16 3 I Is|15 I ¥
01,06 BWWT I TS5 16161616 160615166 06 K6 16 16 I6 16 K6 IeIe |15 O
1306 1% 161616 L1 10IKIIITIISE I 61666 % I 18 16 1670 |15 Is
01,06 1% K %1770 EIT 11 6 15 16 16 16 16 15 T6_t6m1gis—Ta) S outh
_umes 16 ™6 16T tG T T6mI§ 6T 6T Qsmﬁ— e B3 15 15 15 1w OOULI
1,65 535 T5 15 MNB-ISUISE 15405 I I fs\i B_Is Is B 6 61 dg g 15 s fe o Latitude
South 85,4, m—-ls’@rs @!5 15 15 15 15 1'% 16 J6 16 1571 16|15 13 Is 15 1s lts s |
) . OROS T~ IS 15 35 IS I I 15 15 15 1616716 U6 16735 16 15 Is\Ie J15 I IS 15 15 s I 3
:Latitude o, 1505 15 15 15 15 I5 35 1616716 16 16 16 16 16 15 Is 15 15 415 Is 15 15 1 f5 3
oL.0% 18 15 15 61616 T 16 f6 16 Is 16 I6 b5 1ee PIS B Ists izt s Is o i
or.ta T 61 16 166t Is 15 15 15T TS 15 B 2
L0 3Yls 16 16 16 16 16 16 16 16 Is 6mtbetel 15, 16 16 16 temi6_I5 35 15 IS 55 05 W
0103 15 {15 ™M6-626—[67T5 L6=16—16—16" 15 16 15 IS\I5 15 1516 6 16 16 16 )15 Is fls s 3
oL.03 BYs 15 16 IS IS I5 (a5 15 15 I3 Jst5T6 S~te—16-T¢ 16 16 16_15-T5 15 15 IR0 i
01,03 15 15 16 15 I5 15 Is 15 16 16 )55 feugs [s-l R EEEER NI
.03 Bolp I3 15 15 15 15 15 BT5 15 15 15 IS IS )5 15 15 I3 15 15 15 ] isﬂxs—as—-iir,;ra-.,,Latith de
oLt BRI IS 15 15 5B 5 d5 35 M5 gt FH T 1615 I 15 15 15 15/1 4
M2 (LRI 15 15 15 15 U5 15 IS 15,25 15 15 13 1 15 W Tv 0 0 o3 I t
. " o wegt =" West " deWest 3
: Longitude = - Longitude *m____.Egng;tuée

Figure 6, Chart of Intensity of Longlwave Radiation (on

the basis of measurements

Thhtr

14 March 1967,

in the 3-30n region). !'Cosmos

~25-~



-0 © o Wést Longlgidem IW-WESt Longitude
o1.0s gansg‘.ceoso'llﬂm‘wusm‘mOUO?WDGDGOBU?CSO?O?
ofis _ jJ" [0 t/—"S\q 07_03 03N 05 m/ﬁo 02 o5 03 .
™ o thetr~0’ 03 0705 05 02 o, -
e Mﬂwﬁm North
or.18 o:;l¢/rjo _ﬁ:::EDw M BBy o Latitude
North oLIS 160, 5, vfmsw ¥ 0 07 04 [0 00 A5
Latltude oL.13 5 fr3 03 07 08 07 67 08 07 07 07 los o fm
LT AN 07 uaosusososuosoguauac?ososlmosuo
ot.12 5 a3 M » o €3 05 03 09 03 03 03 03 07 07 O7 07 OS G+ O3 Of
oLz oA o 0 07 w8 U8 07 07 (7 OB 07 07 10 07 06 05 05 ?a 05 0o
ol.i2 %5 0 09 09 08 07 G 07 G €3 07 05 08 07 H G7 07 02 06 6 O 0% 3 02 of
CRC G 05 06 05 07 05 07 03 05 05 oa 03 O Gs 04 Ch 03 05 03 OT T2 OF 00
o1t 0s 07 07 07 07 o7 06 colos 0 03 04 05 o4 06 OV & (2 G2 0I
or.i1 O 6 08 07 07 12 05 06 lou ALTD 00 v 05 06 05 05 04 05 0% 02 o
o111 G 05 07 06 07 03 C6 02 WU G AY ol 05 g5 ol a
051 05 G5 07 03 03 07070607 5 o 03 g U Ao
oI 03-C3"F 02 05 }U_ux._g_a_g_s,a 56\ oh_te 01 I o ST -10
orto ° 0 o3 oL o2 7 Az r"ﬁ"‘sq«s 5357 sz w15 SLpire gt S;‘Ti"f"
or.de a4z -9(51"52T§/s 75 8 T 78 T Al w7 "
ol.i0 AT 00 45 =y 56 5 Y r_)svs 0-70/32N\y 78 5 15 ™ PNl 4
0L.10 ] 5 El & 00 o» o
o1.09 ;/y/i G 7 n 6 m % ol oo
01,09 /Anm & &éﬁ/sﬁ {; %ﬁsm
01,08 ?ﬂlsr//ﬂkﬂ O 02 G+ 06 05 07 Ov 06 v (s 05 OV 04
01.09 53 sz/ﬁ_‘u‘s"m—ox & o0s B of\aslor o7 @707 W 45 07 07 08 07 05 o5 oa 05 T4
0168 wfO3 05 DpGh 07 09 09 07 05 02 O7\ 05 09 U3 gt 06—0e—0s(1l ' 12Y0F 07 05 o6 TF| ov 0
ol.08 of o0 os(s QS)DSW..O]—-DS 7 uaé\ o 07 0BNI0709 ® 65 8 o8 12 07 19 Goupth
. or.0a - 03 06 G5 G088 09 00 07 o7 v 7 08 08 08 O7 07 07 0a 05 05 06 US| 03 Of .
South oL08 _05.05~Th @2 05 67 09 10 07 03 09 €9 (S 03 17 O7 06 O+ 05 07 Of Of oI o+ o 03|05 of Latitude
Latitude 107 1% 501 O3 O O3 C3 05 03 07 04 05 05 Ou O\ 7 O3, 0 05 05 07 08 0% O3 67 Oy 06 0o 0 o,
e eg oro7 05 05 0+ 05 05 07 C8 06 05 09 03 0% o) €6 05 04 09 03 O% 06 O @ o5 05 05 03 |GpTar
Mast | oo™ %05 65 06 05 03 W o7 e Gros o8lor 07 10 07 07 7 09 00 03 05 oa 02 02]dp m
It’on,qitude oL.a7 O+ 05 05 €3 06 /ING9 IO 08 eroamosmmmmxomoaosososmuzou
.06 o5 65 08 f¢ o7{ 12 )68 07 09 07 O7 07 09 P9 B2 o7 08 o7 o7 08 GO 1107 &7 05 o8 |02 Or
61.06 .omgj;&"@loansosoannspsosoammmmososoawuamoaoamnu
01.06 05 G 07 r-oswio-munr-rouzrusos&moeoausssmwmmmoswo«ox
oL.06 ts 05 06 M\m TN o 1% Ths os D .
o105 3 0r 06 0508 O3, oo (0 )9 6 03 05t 05 02 03 Pogp South
F 005 €2 05 06 O 02060 02 02 05 05 63 07 05 05 05 03 oI Latitude
SouthuhosZO“?“ BT AT 05 -@ 2 ou o 05 04 O+ 05 07 03 oI oI 03 oI )
01,05 & Ml Al 5 06 06 DS 07 05 07 O7 O7 o7 06 00 02 O O%
LatltudEulm 0 03 03 07 B 7 03 oy 07 B 06 05 D& D5 06 05 af 03
0.0 O 05 Oy 03 02 00 O 02 07 (il mu&moaozonu’oom(ifs;"isao a
ol 02 05 00 06 07 07 08 08 03 05\ 03 %0, 05 O 05 03 06 L0 {2 w
0104 0506(»0‘30&0708080909\&‘1090710'0'080705!:40302010! 2 ot
01.03 06 05 07 07 07 03 07 07 05 07 0&'o 05 \0s W 06 07 or oF o7 05 03 02 Ob O oo
01.03 OF 03 63 G 05 02 03 OL 06 05 02 03 OI-OF O 05 05 (@ 0 07 3 02 O 05 O 03 43 aI
or.03 on,o‘anmonu)ul_mmusozolosososo‘&mosn L
L b 03 05 02 UL 03 O» 02 G4 05 O O+ 05 O3 O3 03 05 0} 01 03 O 63 00 ®-0I-000  Saurth
or,02 05 03 05 0y 02 09 O 0000 00_02—06—04—~(2—0208 0305 v G5 05 O% 05 05 .
01.02 o0 02) (a 0}—02-01"0L OF 05 O+ 6x 04 05 02 Q2 i(m O 02 03 02 03 02 s Latitude .
ooz mumo:n:oloomoroxoeosoeusoaoeozozurmmox
”EoutH”‘HESt Longitude ** Pest Longitude “West Longltude
—_Latitude . _ - y -
Figure-7. -Chart of Radiation

of measurements in the 8-12y

March‘1967.

region},

-26~

14

al Temperature (on the-basis
"Cosmos 144!



the regional meteorological centers at Novosibirsk and Khabarovsk, which will

serve at the same time to collect, analyze and distribute the data from

terrestrial observations: The possibjlity of joint-analysis at these centers
aliows more exact definition of the data from satellite and terrestrial
observatiéns,'and an improvement of the quality of their analysis on this
basis. Local subdivisions of the weather bureau; laqk;hg_the means and
apparatus for recei&ing and analyzing the information: will receive prepared,
jointly anal&zed and corrélated observational data.

Experimenéﬁfﬁ Photog}aph%ng Clouds from the High-Orbital
Communications Satellite "Molniya ['f

To explore the possibility of observing clouds from high-orbital satel-
lites. (height of orbit = 30,000-40,000 k), experiments in making TV pictures
of the-earth were conducted, using the "Molniya I'f éommunications satellite.
This‘satellite carries a system of accurate orientation and relay appératus,
which allows solution of the problem of television observation of clouds, along
with provision for ferforming its basic task; that of long-range communication,
The pﬁotpgraphs of the earth are made with the aid of a sPeEial television
apparatus; whose cameras have two iqterchgngeable'objeétiveg: one is a wide-
angle lens,’the other is a narrow-angle lens, Th; ﬁide;angle objective is in-
ten@ei.for qbtaiﬁing generalized pictures of the cloud cover: Frgm an altitude
of 30,000 - 40,000 km, the earth occupies only a portion of its field éf view,
The narrow—angie objective is used for obtainiﬁg more detailed pictures of the

clouds above individual regions of the globe,-with radii up to 8000 km.

The television cameras take pictures in the yellow-red regions of the

=27~



spectrum, which considerably reduces the b:igﬁtness of the atmospheric haze at
the same eime thaf it enhances the quality of the clouds and the Earth's sur-
face: A set of light filters of various densities allows observat}ons to be
made of areas of the Earth with the Sun at various altitudest- A special track-
ing system mounted in the satellite keeps the TV cameras trained oh the Earth.

At the ground stations, the TV information from on board the satellite
is received through a rela} system operating-in a direct transmission regime,
The pictures which are received are recorded on photegraphic film, By viewing
them simultaneously on the screens of the TV monitors; the photography regime
can be controlled,

Analysis of the TV pictures received with the aid of the "ﬁblniya I
satellite has shown tha£ these pictures‘caﬁ be used to gain an ieea of the
distribution of smallescale cloud systems; which determine the nature of the
lweather over leﬁée territories., In the pictures faken with the narrowuaﬁgle
objective, it is possibie to distinguish between vast cloud ﬁortices; which
have a characteristic spiral shape, the broad cloud bands of atmospheric fronts,
ete.

Experiments in receiving meteorological information‘from high-orbital
satellites are very important in SeiBCtipg the orbits of'satellitee in future
metee:ologieal systems in space. These eiperiments help us to’ decide whether
it is advantageous for meteorological purposes to employ a system Wthh corr
_51sts of both low-orbital and hlgh—orbltal satellltes

Use of Data from Satellite Observations

Observations of the Earth's atmosphere from space, carried out from
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satellites,_are qualitatively new and unusual for meteo;olpgists. Certain
itéms_pf information (for e%amp%e: data on the radiation balance and.its COom-~
ponents) have never been employed in the practicalhﬁork of analyzing ané fore-
casting the weather. Therefore; a certain period of time is required for the
collection and detailed study of matetials from satellite observations; for
the purpose of working out methods of interpreting theﬁ and using them
effectively at the weather bureau-.

In recent years; studies have proceeded rapidly and experience has been
gained in-the'interpretation and practical use of satellite information on
clouds. Some results have also been gained in the field of interpreting and
putting into practical ﬁse, the data from measurgments of outgoing radiation.
These studies have been carried out widely in a number of the scientific research
departments of the Hydrometeorological Service of the USSR and other agencies,

In the studies of the interpretation of satellite information on clouds,
received in picture form, considerable attention has been devoted to the
identification of the clouds in the pictures and to the determination of their
charactefistics, used directly in the analysis and forecasting of the weather,
One of the first topics studied was the possibility of determining the shapes
of clouds and their numbers. The great significance of this task‘of picture
interpretation is clearly evident. Merely by using thefp;ctures to create. the
actual image of the spatial.distfibution of the clouds and to study their shapes
in detéil, it is possible to draw valid conclusions regarding the state of the

atmosphere and the processes taking place in it. As we pointed out earlier, the

problem of identifying clouds and determining their characteristics on the
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basis of the TV and IR pictures has been solved qualitatively by the visual
anaiysis of these pictures,

The technical capabilities of the TV and IR apparatus mounted in satellites
do not allow distinctions to be made in the pictures regarding a number of
details, which are presently employed in the international classificatién of
clouds.- The differentiation of various types of cloués; éven in. the TV pictures
which have a higher resolution in comparison with tﬁe infrared ones; is
possible onl; by studying them:very carefully and calis for éonsiderable ek-
ﬁerigﬁce. In the pictures, those details whose dimensions are smaller than the
size of the ﬁnit of resolution a¥e usually flattened out; especially if these
details differ slightly from the surrounding background in their radiation and
ref@ection characteristics, In distinguishing the shapes of‘clouas in pictures,
it is also’important to estimate the altitudes of their lower limits;gthe
nature of precipitation, etc., Therefore, it is suitable to use forgthe TV and
IR pictures.a'less detailed classification of clouds; one which divides them
iﬁto.fou: groups: stratus, cumuius, cﬁmulo-nimbus; and cirrusl This classification
is based on the differences in b;ightness, size, and structure of the cloud
ficfure;. To determine the numbexr of the latter on the basis of the TV pictures,
four'gradatioﬂs are used (8-10, 5-8, 2-5;‘and 0-2 scale divisions), although
the technical capabilities of the TV apparatus in the "Cosmos" sqtelliies makes
it possible éo distinguish five gradations (10, 7-9, 4-6, 1-3, and 0 scale.
diﬁisipn;). -Using the IR pictures, the number of clouds is determined on the
basis of three gradations (7-10, 4—6;\and 0-3 scale divisions).

The photographs of clouds have the advantage over discrete ground
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observations that they give a complete picture of the distribution over rather
large territories. This makes it possible to divide the grouplngs of the

cloud formations into dlStlﬂCt complexes in the plctures, i, e., to study
structural details of cloud fields of different sizes: In decoding the pictures
the geometrical features of the structure show up on two scales; the meso-
structure and the macrostructure of the cloud field? The mesostructural cloud
formations include groupings of éloud‘shapes into compleies having the appear-
ance of bands, chains, cells, etc., whose dimensions do not exceed 100 km in
Cross secéion. Layger—scalg groupings of clouds; constituting combinations of
mesostructures, are reléted to macrostructural cloud fbrmationsl These are the
cloud vortices of cyclones, having the appearance of concentric bands and
'sfirals, frontal cloud systems, various parts of which.(to one degree or another)
usually form distinctive bands, immense gatherings of clouds in zones of in-
tertroﬁical convergence, etc, Mesg— and macroskructural feétures of a cloud
field, as analyzed in nephanalysis, convey definite indirect information on the
dynamics of aEmospheric processes; The meteorologist who has at his disposal
the picture of the clouds or the nephanalysis prepared on the basis of this
picture actually becomes an e%@erimental physicist; studying the motion of
gases under laboratory conditioﬁs with the aid of a suspended substancel The
difference consists only in the fact that the size of the JLaboratory" of the
syhoptic meteorologist is measured in millions of square kﬁlomete;s; and the
role of the suspended matter is played by the cloudsl Dynamically significaﬁt

features in the cloud field, revealed in nephanalysis, simplify the process of

using cloud information. Experience in compiling nephanalysis charts has shown
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that the results of decoding, containing the indicated characteristics of the

cloud field; are of considerable help in analysis and forecasting.

The methods of decoding and the forms in which the decoding results are
given are being improved rapidly at the present time: Studies in this direction
are aimed-at recovering from the photographs of clouds: as great a'comple% of
information as possible which is required for analysis and forecasting of the
weather, and for the e%pression of the information in a form suitable for use
in practical work and in scientific invegtigations; ;s well as for transmission
ovér communication lines. Since the principal communications media used by
the weather bureau are the facsimile and telegraph lines; the basic form for
transmission of satellite information regarding clouds in recent years has
remained the facsimile nephanalysis chart. For regions where the facsimile
lines do not ekist, in case of necessity the data on these charts can be sent
by telegraph in the form of\é letter-number codel éatellite observations of
cloud cover will also be included in the materials from analysis of ground data,
issued in the form of charts of conventi;nal observations;

The -qualitative methods of decoding used fér compiling nephanalysis charts
are very time-consuming and are subject to subjective interpretation, It is
therefore e#tremely timely to devise objective methods of decoding the cloﬁ&‘
pictures with the aid of a computer. From the contemporary'standpoint, for an
objective decoding process, an important position will be 5ccupied'by studies
of'the.application of statistical analysis to the fields of reflected and emitted
radiation from the subjacent surfacel The significance of the satellite in-

formation in picture form regarding the clouds is not limited, however, to the



possibility of studying the distribution of clouds over the Earth's surface,
which is itself'verf'important for detemrininé'actual weather conditionsl The
shapes and gtructures of cloud formations; their evolution and modification;
reflect a dense complei of physical processes occurring in the atmosphere. De-
pending on the nature of these processes; the picturés will show different
views’' of the cloud distributionl This fact makes it poséible to use these
pictures for evaluating a synoptic situation and deterﬁinipg the distribution
and evolutioh of a great many other parameters of thé state of the atmosphere,
which are not measureable directly from satellites: In partichlar; there is an
opportunity to determine the statistica; relationships between the spatial
étructure of the cloud field and the fields of such meteorological elements as

~

humidity, pressure, wind (its horizontal and *ertical compoﬁents); and pre-
cipitation.

The statistical characteristics obtained in this manner will give the
spatial digtribution of the above-mentioned meteorological elements for specif&c
cloud formations, observed with the aid of satellites; This provides the
possibility’of establishing, for a certain cloud field; the atmospheric para-
meters of interest to us in regions where the network of metéorological.stations
is e&tremely thin; . The values of the.meteorological elements established-in
this manner can be employed 3oint1y with instrument measurements carried out by
the ground network of meteorological and aerological stations; for the inter-
polation of values at the centers of the regular network; used in systems of
compﬁterized weather forecasting: In addition; statistical relationships of a

similar type can also be used directly in an analysis of the synoptic situationm.-
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Proceeding on this basis, the possibilities are being studied of using
cloﬁdﬁpictures‘fbr:

(a) ﬁetermining the positions and stages of development of cyclones,

hurricanes: and typhoons;

(b) Definition of the position and activity of atmospheric fronts.
and zones of intertTopical convergence;

(c) Appearance of fields of large-scale vertical movements;

{(d) Improved analysis of pressure fields and wind; including jet
streams;

(e) Eséimates of the nature of the temperature stratification of
the atmosphere aﬁd the humidity of the air;

(f) Estimates of the effect of features of the local relief and
thermal iﬁhémdgééééyieg_qf‘thp_éﬁ@jacent surface on the distribu-
tion of the clouds; etc.

As of the present time; a number of practical results have already been
_oBtaine§ which make it possible to improve the conventional synoptic analysis
by qualitative methods. Physical and statistical methods have been used: to show
the possibility of establishing; on the basis of data on clouds; fields of
large-scale vertical movements, the geopotential of the surface at 500 mb; and
the wind at the level of this surface.

The basis of thege methods is the concept that between the vertical com-
ponent of the speed vortex and the divergence on the one hand_the numbers and

shapes of the clouds on the other, there must be some correlation. Relation-

ships of this kind were obtained for various combinations of shapes and numbers
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of clouds and are used for establishing the above-mentioned parameters at
centers in the reéular network: "If we know thé value of the vortex of sﬁeed
and dive;gence-above some portion of the globe and have data on the wind at
“the bdﬁndary of the region in which we are interested; it is easy to calculate
the direction and speed of the wind at .any point in this ;ggionl

Using standard methods; it is then possible to shift to the field of
the geopotential from the field of the wind.

The pr%liminary results which have been obtained have given a compleiely
satisfactory picture of the field of the wind and geopotential which are
estaﬁlished.

However, these results have not yet been put to practical use. Further
developments of these studies will have great significance for iﬁproviﬁg bdth
the synoptic and objective analysis of fields of meteorologicaf.elements with
the aid of a computer, especially for 5parse; conventional obéervations of
certain regionms.

At thé same time, studies are in p:pgfess which deal with the possibility
of using satellite data on clouds in computerized forecasting systems; In such
systeﬁé,'they can be used as sources for the forecasting of the clouds them-
selves and the phenomena accompanying them, as well as for predicting fields
of meteorological elements related .to the clouds by certain relationshipsl. The
methods of solution for these prdﬁlems are still tentative. The basic difficulty
is caﬁsed by the lack of an exact quantitative estimate of many factors involved
in cloud formation. In order to include observations of clouds in computerized

forecasting systems, it will be stiil necessary to carry out a great deal of
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scientific research, especially in the physics of cloud-formation processes,
A eofrgct theoretical descripéion of tﬁe é&olution of cloud systems in fore-
castiﬁg systems will naturally improve weather forecasting and is a big step
forward in the direction of setting up reliable methods of predicting the
Weatherl

As far as the use of data on radiational observations made from satellites
is concerned, at the present time there are two basic procedures. In the first
of these, the results of these observations; as well as data on the clouds, are
used f& evaluate the synoptic situation and to determine the distribution and
evolution of a number of parameters of the state of the atmosphere; requiredl
for analysis and forecasting of the weather; The second procedure assumes the
determination from measurement data of the outgoing emission in the radiation
balance and its components, with the goal of considering them in systems for
analy;iﬁg and forecasting the weather,

Inésmﬁch.as the required role in the formation of fields of outgoing
- radiation is played by the clouds,- the investigations in the first procedure
are concerned primarily with the problem of identification of cloud fields by
using data from radiational observations. The state of the atmosPhere.and the
processes occurring in it are then estimated on {he basis of the resuits of a
diagﬂosis of the features-of these fields. With regard to the reflected and
emitted properties of clouds, at the present timq there are studies in progress
which deal with the problem of determining (on the basis of data from radia-
tional observations) the position ;nd activity of atmospheric fronts and zones

of intertropical convergence, as well as the possibility of cyclones and anti-
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cyclones, E&perience in compiling charts of the intensity of reflectea and
emitted radiation; as well as the radiational témperatqre of ‘the basis of measure-
ments conducted with the "Cosmos 122"; "Cosmos 144"; and "Cosmos 156" satel-
lites; has shown that these charts usﬁally make it possible to improve the
-sy'noptic analysis of atmospheric processesl.-

. From the standpoint of the second procedure for investigation, the value
of the data on the outgoing radiation consists in the fact that they can be
used for a quantitative estimate of several characteristics of cloudsl Means
‘have already been suggested for determining the height of the upper limit of
the clouds and estimating their numberg on the basis .of measurements of radia-
tion in the 8—12ﬁ sﬁectral range. Mention h%s_already been made of the possi-
bility of estimating the stratification of élouds én the basis of a joint
analysis of the results of radistion measurements in various regions of the
long-wave spectrum, Data from measurements of outgoing radiztion in the
spectral range from-8-12p could also be usé& in statistical analysis to estimate
the vertical distribution of teﬁperature and humidity in the atmospﬁere. The
application of quantitative methods to the diagnosis of cloud fields and var-
ious parameters of the state of the atmosphere, with incorporation of ob-
servational data from observations of outgoing radiation, will undoubtedly ex-
pand the possibilities of using all meterial from satellite observations,

In the studies in the second procedure, special attention has been devot-
ed to the use of the data from radiational observations in systems of computer
forecasting, considering the heat flow; as well as in statistical methods of

-

weather forecasting, The perspectives for the development of these studies are
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still only in the planning stages, Cé%culations have been made of changes in
the femperature'and the éeopotential of isobaric surfaces at various levels of
the atmosphere due to the radiational heat influi; which is determined by
certain values of temperature and humidityr Such estimates have shown that the
role of radiational heat currents in the change of temperature and the geo-
potential of isobaric surfaces is significant in a number of cases; The
possibility has been mentioned of establishing statistical links; suitable for
use in 1ong—iénge forecasting; between the meteorological parameters which can
be determined from observations from satellites; and the characteristics of
futuée weatherl Methods have been proposed for using data on the radiation
balance and its components for .determini'ng the radiational heat flow for the
purpose of consideration in nonadiapatic sygtems of computerized fbrecasting.
However, ﬁhese.methoas have still not been tested sufficiently in practical
use,

In order to include the data from radiational observations in systems of
cémputerized forecasting, there still remains the task of perfbrminé a great
many_scientific research e&periments in the interpretation of these observations.
A very iﬁportant role in this regard will be played by the amalysis of methods
of t£ansition from the readings'of the instrument transmitters mounted on the
satellites to physical values which are of interest from the standpoint of their
inclusion in the forecasting system. It is necessary first of all to test and
improve the means of conversion from the readings of the transmitters of the

narrow-range AK instruments, which measure the intensity of the radiation from

small areas of the Earth's surface at very diverse angles, to the values of the
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radiation flow through a horizontal area at the upper limit of the atmosphere,
Such a transition can be made onl} in the case whére thé anéular distribution
of the outgoing radiation under actual conditioms is known:

In recent years; for the purpose'of clarifying tﬁe angular distribution
of radiation; wide use has been made of its calculations in various segments,
of the spectrum for different models of the atmosphere: also includipg actual
synoptic positionsl Calculations of the outgoing short-&ave radiation have
allowed estima%ion of the effect of the disturbed lower layers of the atmosphere
on the value of the outgoing éhortrwave radiation; as weli as clarification of
the role of the basic factors on ﬁhich the chgpgé of its angular distribution
depends, In their turn, calculations of the outgoing long-wave radiation have
made it possible to draw conclusions pégarding the degree of the effect of
various factors which characterize the state of the atmosphere and the subjacent
-surface, on the variability of angular distripution of the outgoing long-wave-
radiation in various segments of the sPectrum; Checking and improvement of
these results in materials obtained from satellites makes.it possible, in
practical analysis of satellite information together with charts of the in-
tensity of reflected and emitted radiation, to plot charts of the radiation
balance and its components,

‘ "The charts of tﬁé radiation balance and its components can themselves be
6f great value for the analysis and prediction of the weatﬁer: On the basis
of these, it is possible to study the distribution and evolution of sources
énd flows of heat; acting on the evolution of thermoﬁaric fields in the

atmosphere, Investigation will also be conducted to explain the relationship.
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between the radiation balance and the characteristics of atmoséheric circula-
tioh; which are important for p;rposes of iopé:rqnée weather forecastipg.
However; for the use of data on charts of the radiation balance and its com-
ponents in systems of computerized forecasting; it gtill_rem;ins to be Solved
the very important ﬁéobleﬁ of determining the :adiang'hgat Eﬁﬁlux{

At the present time; methods have been devised for an approximate estimate
of the total value of the radiant heat iﬁflui for the entire thickness of the
atmqsphere, according to dat; on tﬂe flows of oqtgoing radiationl However, it
doe; not solve the problem of compu?erized forecasting even in the case of.

‘using the simplest one-level systems. At the present state of these problenms,
;the heat influx must be determined ét each stage.in timé for different layers
of the atmosphere. From the above, it is-quite clear that the development of
computerized fb}ecastiné systemé which will correctly measure the radiant heat
influx on the basis of satellite observations of oq%goiné ?adiation will require
considerable eipansion. Of great importance to these goals will be the studies
_of the physics of radiation ﬁrocesses in the atmosphere, the study of the stéuc~
‘ture of the spatial distribution of the radiation flows, and their links to the
radiant heat flow at various levels of the atmosphere,

It would not be incorrect to say that on the basis of the scientific re-
search projects currently in progress on a broad front in the field of safel-

lite meteorology, the accuracy of weather forecasting will be increased, as

well the effectiveness of the meteorological service.



