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The Soviet Earth Resosxces
Satcddhite Program

In monitoning carth rcources by sateliite. Sovic systenms pruvide
multnpecira! phatography ¢ of better neotetion than that of the US Landsat
scanmnyg systern. but the dxta are muee itntitad 1n qua sty and generallyare
ot as umely. The better nesolutivas are wseful foe afl carth rovenoes
appinatioas but are prarticakerly impoety it foe Sstinxating Crop acreages in
regions of the world where fiedds are smid

In contrast to the muitspectral scanner apetixach wsed by the United States,
the Sovrets have emphasirad manned amd annninned malixpectrai photog-
raphy m ther carth nsounoss satellite peogram. Ths apprvech has roquined
fess sophirceied data peocsssing and revording aguipment —iwo peogram
areas v w hich the Soviets traditionally bave been weak —but the quantity of
data is limited by the 2mount of film aboard cach satellite. and the data are.
for the owxsi part. oot as timely. The Sustets are expected. howaver, to
continue to emphasire the phoisgraphic apprxch at keast throsgh the
middic {9830s bevause a suitable maliispectral scanner system § unavail-

=

The Soviets” mannad program, kased ca wbmogr‘.%xhi\: and data processing
systems developed by the East Germans, suonsssfglly paovides mulispectral
photography with nesolutions of 10 1o 20 meteis—rsolutions that are
vonsiderably batter than the SO-mxeter nesolfutioa of the US Landsat system.

The unmanned carth rsources photography system, based va the same ora
very similar camera system. was used by the Soviets in 1979 w supplement
the manned system in what probably was thetr first large-scale effort to
monitor crops throughout the growing season, as well as to determine the
feasibility of using such dawa to stimate agriculiural producton. Informa-
tion on the results of this expersment has been unavailable, but the Soviets
probably have found the resalts quite uscful-

The multispectrai scanner currently used by the Soviets has a resolution
capability of 230 to 300 meters, considerably below that of the US Landsat.
The Soviet scanner., therefore, i inadequate for some types of earth
resources studies—ror example, those related to forestry and agriculture.

* Multspectral sensing tavolves the aarunition of daty simultaseousdy in several bands of the
elevtromagnetic spectrum. When the agnab recurdead in the muluipde bands arc amalvzed 12

conjunction with cach cther, more irformation aboat the sensed arex bovonxs avarlable than
if only z single bund wene used or tf maltple hands were amalyred independentiy




We believe that the = ~rcts are dachoenyg 2 oew multismociml scanmng
system with a M}-cisior sosotution, bat it orabably will not be 2vailable
befere 1933 at the cisirest. Funtdermuore. data processing problems are
exnvvicd to plaguc the Seviets and peobably will defay fuerther the
cpxcrateenal depivyment of the new system

fa a2 sigmincant step for thar occanvgraphn research program. the Soviets
began hanching occanographne rescarch satedhites in 1979, but the fairiy
rouling compdement of semsors aboand did 2t compare =ith the compiet
pas hxad of the US Scasat satellite. One of the two 1979 satedlites
Interaosmos 20, was devebopad potnily by the USSR amd several CEMA
countres amd repessented the continuing trend by the Soviets to cooperate
more folly with CEMA ailics. Interassmac 20 can rehay data from remote
crth instalkatrons, such as ocean buoys, 1o central recerving faclities.
Casmos 1131, hhunched eardy in 1930, repocted!y has an active radar
system—probabdy a scriterometer—io measure the magnitode of toe
r.ms-
In the UN debate on how carth resources satetlite datz should be hanaked.
the Sovicts kave propased that data with resolutions betfter than 30 meters
should not be made availzble to third corntries without the consent of the
- semsed state. This proposal & attractive 10 some developing coantrics that are
uncasy with the LS policy of allowing anyone to purchase data from
Landsat .

Despute the high resolution ¢t thear photographic data. the Soviets probably
cannok cempete seriously with the US in supplving datx and data systems 1o
developing countrics unul the new Soviet mulispectral scanoer system s
avaikable, since thtir photograpaic data are iimited both in quaatity and
timeliness. When the new system is in use. the Soviets” competition probably
will include not only the United Stutes but akso several other oounm'cs.-
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The Soviet Earth Resowrcss
Saiellite Program gy

Iatroduction

Almang from the doginmae of the spuce cra, the Soviwcts
By oxn mterestad 13 e remmte tevestgatnn of tine
. carth asd ity ex3irvament {rom spocaralt. Althkough
crely spuce mmsaos were Zevoted ety to oncasares
mears of the wede covirvament. the Sovscrs very Carly
i their spae pocgram begra to devciop mctourviognc)
satcihite. Other oranches of the Soxxet carth wieoes
wwa dozan to relvze the notentxel of romote sexanyg
from space. Th: Sovict mtorest panailaced that of the
Lmix Sates and j—aably was sumubitad o5 the LS
dovehopment of the E3nth Rewares Tochmobney
Saidhize (ERTS—hter reeamert Lasdsat), whch

began in :hcmid-l%(h-

Tire Soxviets had several space systeas that they coald
have adapted exsily for their cart resomroes saredlite.
The firss of these was the Metoor weaatber satedhite
system devedoped during the casty 19605, Ths Metooe
spaoersft 3 stabdized about thee2 axess 26d thes
would appear to make an el platform fora
miit~pectal scanning sysiem szmibar o that wsed in
Landsat or for 2 pbotograploe system with ocboard
processarg simikar to tha? wsad 1o voviee photographs
of the far side of the nmn-

The Soviet manned space program albsy cifer~d exosd-
lent platforms ca which to fly carth resezross expere-
ments. Earth observatons from orbtt are a matural
thing for cosmonauts to o, and 2&20) observations
provide vloable information on carth rowoarrces, as
well 25 gving a good cover for military-redated
activifies, such as testing sensors during missale
iannches. The active Sovict photorecvanzissancr: peo-
gram also proviged a good merex for carrying out
carth resources observatioas. The fackthat the Soviets
were proceeding with all these approacacs became
evident as the carth resources program dc\tiopcd-

Maored Photographic Program

Although the Soviet manned space program has placed
a high priority on carth ohservations from the carly
1960s. the beginning of mulispectral (usually referred

toas "meinromsi” by the Savwets b photogzaphy of the
carth’™s sarface camee wrth the Dumch of Sabut om 19
Aped 1971, (e 7 Jume, Sovez 11 docked with Salsut 1.
xead the crem Bogan carmn g vut phutograghas odserva-
thorxs 2 few days thereafiar. The arew of Soyer 11
pernsbad a3 they retaroad 1w carth, but the phato-
oraplsc a1 were retuened and sondied by Sownet
wacatnts. Sabut 1 casteed both fived aed haod-beld
cameras. Boudas photographing the carta, soome of
those camerat were wed simaltzmevesly w phocograph
the szars 1 order 1o hocate aconratdy carth festureson
the phatogra

-b.zhn l :xlsoc:xmcda spcum-phxm experament-

that w2s 2 conungation of work Fzgun dunag ithe
group {rght of Soynz 6. 7, and 8 ! Ocrober 1969 Ths
experi nent was used 16 determire the daghtoess of
varoas types of undexlying Sprizoes i different pars
of ke speciral range from 0.4 1o 0.7 mrroawcter (am).
The carcfully preparned cxperimens of Sovuz 6. T.and 8
mvaived ssmultaacoas ground and airoraft observa-
tons for ground ruth (1o establish the accuracy of the
satel1s measwnensents) and was clearty redated to the
devnddopenen( of the multspectral

The deaths of the Soyuz 1] cosmonats resulted ina
standdown of 1he Sovict manned peograia uatil 1973,
when Sahvut 2 {pever manned) was ksunched oa

3 Apil. Soyuz 1 2—haanched ca 27 September 1973 —
coatinued the development of the mazoad ploto-
grapbic carth resouances peogram witk the incluseen. for
the first ume in sgxece, of 2 mulispectnl amera. A
major diffcresce between this camera ang that of
Salyut ! was that it provided simuitancoes photo-
graphs in ninc different bands, whereas the Salyut |

_ camera could operate tn only one band at x time, The

newer camera had nine lenses with synchronous
shutters actuated by a2 comman coatrol mechanism.
The camera renortedly had a focal kength of 44
millimeters (mm). a frame size of 24 mom by 32 mm,
and three cassettes for the nine lenses. he nine




spectrai duods 1ued wize QXS Vi um m et amd

were ceaterald 21 Q42 047 w22 Q039 06k,

0. 73, and 0.30 w‘n.-

Soszr 13 wa beachad 1n Decemiser 197 wied thz
e e of camers 3s wad 2a S ez [ 2 Thoe thehr's
WCTE UTORTAST $eps in the dovefpoent of the Sowset
carth reoances program ansd deroosstrr ied the offec-
veness of muitspectral photography for parpases of
cartography. poohxgy. and vegetinma staces. This
rhutograpin provided Soviet soeerin, with b
oa aboat alb- and gas-baanng sractures, recywahy
ankmowe Lol and shallow soarocs of 1res zround
water in desert regons, thas confirming to the Soviees
the ptentaal of remote wemsing. These data moe only-
were of tmumedrate we to the Saviet ccoooniy bet abso
were msed to detarmine optumal wavekeagiss and
wavdength conbimations to be utilized in fursre erth
resourees sgadwes.

Col O

Saiyut 3. haunched in Junc 1974, 2gain proxided carth
photography Uit reportedly was wed for tixe solution
of "important nmatoaal and coonomic problerms.”
Salyut 3 photographs were s2id to bedp defime 67 od-
and pas-teaanng structures—includitg some aoder-
water sizectures —aad 2 number of intersectioas of
hirge fanits that were of interest in prospecting for
valuabie mineraik Salyut 3 ake apparently coatinued
the spectrophotometnic observatioas carried cut oa
Saiyut 1. The observations, bowerer, apparent!y were
POt 2 progressive step in the development of the
multspectral photographic capability: more probably.
they provided a coavenient saentific shiective for what
was >rmarily a mlitary misson,

Twehe phatographi systems of different types report-
2dly were aboard Salyut 4, launched in December
1974, Solar observations—ratber than carth resources
nvestizations—appeared to be the main mission of this
spacecrafl. Nevertheless, Saryut 4 carrred wide-format
mapping cameras—ihe KATE-140 and the KATE-
500—as well as 2 multizonal pbotographic system,
dcsignated the FMS. The KATE-140 camera has
140-mm {ocal length and a 180-mm frame format and
has been used again extensively on Salyut 6. Littlc s
known about the KATE-500; it probably had a
function similar to that of the KATE-140. The =500

%(..

dewgmaior peobully wudrcates a4 00-mm fxal bengthe
s ide TG desagmator ta the KNATE-13C o the
surre a2 it foca emgth. One franse of the KATE- 130
Carmerd covere appearmately 28 000 wquare kibhom-
cters uf *he cxatid’s sarface omd & ospucxally wefel for
dezermning refative and absolate aftzzudes of varn
soiats ¢

The FMS camer system comntad of four cameras
veerateg in three spectinl argesc 053 w0 0.6, 0.6 10 0.7,
and 0.7 1o 033 um. Ground provousies of these
ohocographs imchedad thie wse of false cudor to bighlight
varaoas D pes of proand surfaces. The pactares report-
odly woare wed o discuver and map karge fanhs and
ather sovdogrcat faaeres—particakardy ovr ineoocs-
sibie noantainoes regions of the Pamirs and the
Cancasus—and te analyze for=st 2nd iate: resogross.
1a addition, the operation of 12 FMS pbotograpaas:
svszem aboard Salyut 4 provided ioportant data for

“the devedopmxent of the MKF-6 mahizonal cvmera,

w hich was tested 200ard Soyuz 22 m September 1976,

)
Sahut 3, hunched in June 1976, kad 2 military~
reiated mission simibar to that of Szt 3. bur—as in
Sahvut 3—the photographic experiments repogt
were ako used for enrth rescurces parposes.

Soriets report that 65 millica
square kilometers were surveyed, incleding the regioa
of the Southern "Jrals, Arzl Sca. Alay mountain
system, and the Dzhugarskiy and Alatou spuss of the
Pamirs and Tien Shan mountain ranges, as well as
portions of the Indizn, Pacific, and Atlantic Occans.

B _d on the resalts of the carth resources information
courected from their many manned flights through
Salyut 3, the Sovicts concluded that they needed a
muluspectral camera with better cxpebilities than any

g




they Bad avulable. Thns hed 0 the deveicpment of tine
MK F-5 camera—a devehopament that =as to he carred
<ut naatfy by the Imstitnte of Spuoe Ravcarch m
“osarw 2nd Kar! Zetss in Jena, GORL In rexhicy.
Rowerer, the sow photographic sysicm was developed
almmmg entirely by Zans, bused wpoa spoafcatons
proxidied by ibe Sovress. T Soviets 2o imtalied the
Samera an the spacecra it and inrtegrarad it with the
sabryszerns of the spatecrad

The Soxiess [irst appeoacked the GOR abouat the
dovedopment of this caoxera cardy i 197X im 1974 an
agrocment was reached on the speaificatons that
incieded operating the camera m wavciengths bermom
0.43 10 0.84 am using bundwidths of 0.04 10 0.10 xm.
This agreement marked 2 oew phase in the cxpandtog
cooperative spece cfforts between the Soviets and the
East Exropean countries. Heretofore, the East Enrope-
ans had Lailt instrumentation o {1y oa Ixtercosmos.
satellites. but nothing oa the scake of the MKF-6,
which is the primary instrement foe the Sovicts” carth
resources progrant.|

Besides the MKF-6 camera, the GDR also designed
thz multispectral propector designates the MSP4. The
MSP-4 is designed to provide high-resolution. synthe-
sizzd colot pictures from four black-and-white photos
taken in different wavekngths. The MSP4akoisa
complex optical instrument that can provide color
images with a fivefold enlargement. By combining
Light flters a.mi:p‘@ng the intensity of illumimtion of
the initial (black and white) photogiapbs. synthesized
images cun be produced in both natural and false color.

Soyuz 22, with the MKF-6 camera aboard, was.
launched in September 1976, maared by a crew of two
Sovict costponauts. After a flight of eight days. the
camera and exposed film were recovered with the
spacecraft. A somewhat modified camera, designated
the MKXF-6M, has been used exiv:sively oa Salyut 6.
A reserve electronic bloc reportedly was added to the
modified camera, and a thinner film probably was used
so that 220 meters of-film per cassette could be carmied
instead of the 110 meters used in Soyuz zz_'-- '

Sovar 22 repoetedhy peovadad moee than X 000 paciroes
of the cretl’s surface. with cach frame covering an
area of about 19,000 square kilometers. Thes, a toeal of
40 mutboa to $0 mulboe square Clometers were
sarveyed danng the aght-day {hight. Specke! tost arces
were establishod i the GDR. Bulgaria_ 2nd the USSR,
and theose aress were photoerapled repeated? i
conjunction with simultasooes ground 2od surfrce
observatons. Tihse simalramevus obuwerrations shoakd
have paavided good ground truth data to asssg in
amiyzing the satedlite photogra

The cxperiment aboard Soywz 22 proved 2o be very
secressfial. and the activity oa Salyut 6 tovk oa moce of
an cperapiosal—rather thaa awimcnui——mic.gc-
cocae to Ya. Ziman, who heads the carth resources
program {o¢ the Institute for Space Research]90
percent of the Sakyut 6 photographs were obtained to
fulfill requirements of the mational cconomy. and oaly
10 percent for saientific parpwes. Earth resonrces
photoeraphy was a majar poactica of the overalil
misswon, with both the KATE-140 mapping cam
aod the MKF-6M being used extensively during
manred portions of the {light. During the firsz manned
ke (10 December 1977 tn 16 March 1978) of
Sahyvut 6. the cosmonauts probably ook abomt 3,000
frnmes with the MK F-6M, while in the second manned
phase (16 Jenc tc 2 November 1973), 4.000 photo-
grapks repertedly were t2ken by the MKF-6M and
KATE-140 cameras combined.

Salyut 6 photegraphy was concentrated oa cerdain
seographrcal areas, including, the Caspian Sca and the
regions along the route of the Baykal-Amuor railread,
as well a9%n areas that would be affected by the
planned diversion of northern rivers. Photographs from
Salyut 6 reportedly are baing sent (o more than 400
Saviet facilities having work under way in many

scientific discipli ncs-

Salyut 6 photography is being used by geologists to
look for structures that show potential for oil, gas, and
mineral deposits. New faults discovered in various
tectonic regions of the world will contribute to a better
understanding of faulting and its relaticaship to
cartbquakes. Hydrologists and glaciologists are find-
ing the data useful for calenlating water resources.

}g(
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Thowe dat2 wll contntate o 2 sem stfas of ~avw and Tr.e MKF-6 Muitironal Camera Fagure 3

= rowrrdYs 1t the Sovwcts are comerling at the
raguest o4 UNESCO. 1a the arca of cocaoography, the
Sovwets ire mng Sahvat 6 photograply to study
shulhow +heif Aoes wiere many noserves o uncrabs
and etroicur are ocatad. Sahvet o pooeograpds abo
s mad ctemsaivedy ia agrwoulture aod :'..mzr}.-

Despite the scalth of Informatnen in tie peess amd
ropalar soenor pabincrtrons aboat appisice these data,
Utthe kys appeared as vex in the soennfxe literature
Furthermure, Soviet scaentists kave prosented fow
marers basaed ca Sovaz 22 or Sahut 6 photography at

scxeanine coaferenoss. Part of this dekay coadd be due

to normee Lig tume 1n getting sOen i rapers pab-
Ixhed. but porml kg e woaid oot 2ovount fox the.
three years that have chapsed stace the ight of Soyuz
22 Somxe of this dekas probably s due to the data
peocesanyg problems txat so often kamper the timely

dissemimation of scintfic ambyses in the Soviet space

The MKF-6 camera has bevome 2 major factor in the
Soviet earth resources program and probably will
remain so for seme tine. While the Soviets eventually
may design or purchase an impeoved camera. the
MKF-6 probably will be used for at feast ths next five
years. Similarly, we believe, the Soviets will continue



" apaceeraft do mx peovde datz much beyord 32 otk
» soath Latitede. Under current operatioeal pooce-
durss, the maneed program 2ko does mot provide daa
‘oa a oear-real-time basis. ThB often b ot a sorroess
dorniment, bat it could be 1o cxrtain instances, such as
muaitoang arep coeditions. The manned system cuunhd
peovide moce timedy data if the orcws were rotated
) ‘ mure frequently of if recoverable capsules were uwsed a5
10 use thar manmed spacecraft as a mapr inpst to the  has been dooe va the militany Salyve
overall earth resourcess program. Tred to the manned ‘
program, carth nsountes obs<ralngs receIve muce U zaxsamed Photegraphic Program
attention than they would if they were carmied out With the launch of Cosmos 771 1n September 1975,
aboard unmanned spacecraft. This fact can be of the Soviets began 2 new phase of their carth resouroes
importance to the Soviets if 1b2y wish to overcome satedlite program (table2)
their late start and to compete with Western nations in
providing satedlite carth resnurces data to lesser
deveioped countrics. Alsal ithe use of photographic
data—as oppuscd to that of 2 multispectral scanner—
does not 1ax Soviet data-processing capabilities 30
severely. On the other hand. earth resources obsena-

serics—now called ERPHO— have (JEENENNED

tions abcard manned spacocralt pormally have to flight duratren, and spacecrafl in
compete with other experiments. and currently-——with  comraon with most high-resolution photorecon-
the exception of Soyuz 22—the Soviet manned narssance sateflites: they also are reoovered in the same

5 '
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manner. Insiead of the pormal photorccoamissance
<rmeras. however, they carry five or six bower-
resofutoa cameras.

The cameras aboard the ERPHO satellites protabiy
are multispectral and are similar or idenucal 10 the
MKF-6 cameras used on the manned flights. Develop-
ment of the MKF-6 camera renortedly did not begin
until 1974, however, and the camera probably would
not have bexn {ar encugh along in its deveiopment at
the time of the Cosmos 771 flight. In any case. the
resolution of the two systems is assessed to be similar.

“All the ERPHO sazeilites have been launchad mio
orbits with 2bout $1° inclimatoas. A notable featore of
tie launch schedule from 1975 through 1978 was the
launch of cuc satellite in the spaing ard another in the
fail. The rear-8 12 inclimatioas provide the Soviets with
coverage of the total USSR kand mass, o .z spring
and fall launches could indiczte an intenst in the
soning and harvesting of crops, as well 2s in other
phenomena. such as the freezing and thawing of
waterways and the amount of snow cover. Other hipes
of carth ressources investigations—such as geological
faturs—probably could have been carried out
equally well during other seasons of the _\mr-

The most interesting feature of the ERPHO progmam
took place from May-September 1979, when six of
these satellites were launched aiong with four regular
low-resolution photorcconnaissance satellites that, the
Soviets stated. had zarth resources missions. The
launches provided the Soviets with almost continucus
coverage during this period {figure 3). The facts that
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Tabie 3
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e penod of activity embeaced the sowing-throagh-
harvssting péiases of the crop scason and that the
coverage was nearly coatinuous are highly indicative
that the drving fzctor {or this operanoa was pamaniy
agricultural The ERPHO satailites would provide
information oa the stutus of crops. wheraas the ow-

resolutiva photoreconratssance satedlites would pro-

vide mformxation primarily on the status of ficdd wock.

The Large Arca Crop Inventory Experiment (LACIE)
carned cut by the United States between 1973 2nd
1977 using Landsat data showed that satellite drta are
very usefe] in determining wheat acreage, which—in
turn—is used to make prduction estimates befory
harvesting has started. The Soviets” 1979 activity
probably was similar in principie to the LACIE
program. although other resources ohservations prob-
ably were akse carried out. If the Soviets found these
data wseful. similar activity may be seen in foliowirg
yvears. The Soviet program had the advantage of higher
resolution data than the LACIE program: insufficient
resotution was considered by US nesearchers to be one
of the biggest weaknesses of the Landsat data,
partcularty in arcas where strip farming effectivedy
reduced field size. This gencrally is not a problem in
the USSR, where ficlds are large. Data from the

ERPHO satddhites wer: rot obtained in reab-timwe - 2nce
the film waxs a0t reoover=d for 13 days and then kad 1o
be proauss.: Overall, bowever. the Soviets peobably
found their dama wsef

S
S ‘nexaamcd Muwkispectral Scasmer Program
Sovict devdopment of 2 multispeciral scanner ( MSS)
for carth resouroes studies has been based on the
Metcor weather satellite program (rable 3). Simce 1h=
beginring of that program in the late 1960s, video datx
pooaided by Meteor spacecraft hkave boen studiad by
scxntists—such as geologists and hydrologists—to
determine the uscefulness of such data in fredds other
than meteocodogy. Despric resolations somew bt
poorer than | km. the data were found to bave some
utility in noametcorologral fickdss however, the low
resoluticas combired with the brck of muhtispecrral
charactenistics made the data far from wdeal for a
multudiscaplimary carth resoarces progra

Not until the hrunch of Metooe 1/18 in July 1974 did
the Soviets fly a multispectral scanner in space. Meteor
1/25 was launched in May 1976 and Mctoor 1/2S in
Junce 1977—both alse carried the doevdopmental MSS.
Meteor 1/28, bowever, was in a nominal 650-km orbit
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imstead of the waad FO-Am, amd 1ts inclizataa s 2
o4y chrogoas 382 rather than 317, Both of those
cxogo s mbnaine of 4 mosa mare vexertod
tormands carth rowanoos, uoce the wer aintnde wouid
resait i better reatatoa, amd the sua-sy mchnowves
ortit woakd provwde data waith the same Inghting
aadibons cxch e 2 sateilite passed over 2 purtaulbar
sput oa the canth. Metoor |23 abwo was the first
safeilite to be calied by the Soviet peoss, ~Metaor- |
Priroada ™ (Matsre), imdncrtimg that the devedopanent
20d testing stage ked been compicted or was ncaniny
cumpictoa. The Soviets sine kave hianched Meteor
1. Yuwal ua-$y pxhrooves oebet sumikar 1o rat
of Metoor 17

Thx ixstramentatioa abaard the recent Meteoe 1
satedlites comspszs of a0 muhispoctral scanacrs desig-
aated the MSU-M and the MSU-S. The MSU-M has
2 resolutoa of 2bouat 1 km and scans in foar specirml
ranyges: the MSU-S kas 2 higher resolution of 250 1o
300 meters but scans in oaly two spectral regons
(tabke 4). The MSU-M scams at a rate of four lines per
seooad, and the MSU-S! 2t 48 lines per second.
Baoxuse of this difference in scanning specds, two
different scanmng pancpies are msed—the MSU-\M
uses an osalhing mirros; 2nd the MSU-S, 2 rotating
reflecting pyrama

The Soviets ako have been ying the second genera-
von Mcteor 2 satcdhites since 1975, and at Jeast ooe
MSU-M or MSU-S scanner s used on these satcdhites.
The Meteor 2 satellites continne to be hunched into
the normal 900-km orbit, while the kst two Metoor ©
satedlites have been in the lower 6530-km orbit.
Whether this lannch patiern will coatinue cannot be
determined yet. bat if it does, it suggests that the
Mcteor § satedlites wall be used mainly foe earth
resources stedres, while the Metoor 2 satellites have
metcorological observations as lhcxr POmMAry mission.

The resolution of the two scanners used on the Meteor
satellites points towiards a dual purpasza—metooro-
logical and carth resources. The establishment in 1974
of a new data processing center, the State Screntific
Research Center for the Study of Natural Resources,
(GOSNITsIPR), under the State Committee for
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Hydrometeorodoy and Control of the Natural Exay-
roeroeat {GOSGIMET) 280 s indicative of a2 dual
parpase. This center probabiy was astabisshed o
process the MSS data from the Mcteor satdlites. Ar
the same time. 3 secund data center, the Soentifac
Resvaarch Center— Priroda, was estabished under the
Chaci Directorate for Geodesy and Cartographiy.
agparently 1o kamdle the manned and unmanned
phocographx carth resoarces da

The 1-kilometer resotationnd the MSU-M s adageate
for most metcorvhogical purposes. The 2580- 10 300~
me~r trsotutoa of the MSU-S—ahthough adeguaze
for zxme Bpes of canth resources studics—is oot s
goue as would be desired for many sach investigataons.
It ako does not compare lavorably with the SO-mcter
pred size of the current US Landsat MSS or the 30- 10
20-merer resotuiion cavisioned for the next Landsat
MSS. The Sovicts probably would noi rely entirety on
photograpine aata 1o fulfill their requirements for
higher resolutions. because these data are not avaikable
on 2 tmely besrs. Some users, such 23 thase in
agricahure, require both high resolution and timedy
data, and these rogquiraments nrobably could be betier
met by an improved multspectral scanner syst

In the carly to mrddle 19705, the Soviets showed 2
great deal of interest in purchasing US multispectral
scanming equipment. The acquisition of these better
scanners, bowever, would necessitate improved data
processing capabilities: acguisition of such @pabitities
has loag been a problem with the Soviets. At the time
that they attempted to purchase US scanpers, they abo

tried to obtain US data ing hardware and
sofiware and display S}W
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A 2keed ares of weaknews i the Savaet program o that
of teamdieg Croubedity . Thn was demuoestrated 1n
{970, when 20 aght-band soanomer was fowa aboerd
2a arceralt to collect agmuitarel date. S o valy (var
chanmei coaid e novunded at vex ime, the pirac kad
10 qrke two pusses over the 20 ik oeder tovbein data
froen ol aght chanaels Litthe o Wnowa aboat wikat
steps the Suvrets are taking to allevrate tho rocueding

Sownct sttenpes to parchase US malispectral scanmery
and msozated daey proccsunyg systems kave dimin-
oshed uove the middle 19705, The Sovicts probably
kave cvociuded that it wousd be tou expensive 2nd o
troablcsiane 1o redy entiredy oa foreign purchases for
sach oguipmxcat and have docaded to devadop thar own.
the Sovacts are

NIg 2 DCw scaancr that is to kave

better resodution than the MSL

Littie s known about steps the Soviets kave taken
recently to develog of acquire associated data process-
ing equipment. $a any case, they would be unlikely to
have appropiiate equipment for a near-reak-time sys-
tem by 1983; 2 more reasocabic date for such a system
to come oa line probably woild be the late 1980s.
Despite the fact that the Soviers are developing bigger
and better computer systems, the problem of process-
ing carth resources satellite data probably will be with
them for some time to

In recent years the Soviets h_:uc tended to allow other

socialist countries in the [ntercosmos satellite program
to develop increasingly complex instrumentation. In

Seeret™

rh&tna to the MKF camera, the East Gormuaes 2k
Asve devedopad 4 Foutwer spactrvascier. whwch the
Saewces ave (own o severad of the recent Mctoor
spevarait. One of the Exst Exrveein countines—
poohably East Garmmany or Crachusbovabiz —sery pos-
ubly cuahd be wemad the tank of deugning 2 oew

meltspactral sernmer and povably data peox
coures. <1
lateramsmns 18 ACUZIINE 3 FCMtSCINng SAo1nmcT

some et that o whedubed to be ienchad in ISS1.
Whether or oot thes imstrument is 3 mulbpectrad
scanmer temmans o be

Ocecan Remnete Semsing Program

The Scricts mintain a very brge ovcanograpte
rosearch program and foc many years have displayed
InMerest in using rETRXC SCAsing Sys{oms in SPUCE 33 AR
addivoaal tool for occan observatins. Censidering the
va:st arex covered by oceans and the difficaly in taking
observations over any signifaccat percentage of that
area, Wis interest s satural. Soviet occanograpleers
have worked with data {rom the Mezcor satellite
program. s wedl as with visual and instrumental
obsermations {rom manned spacecraft, but not until
1979 did the Soxicts haunch any sateilites dedicated to
occanugraphic otservata

The Metcor sateilites kave provided nisibie imagery, as
well as infrared ard microware radiometer mersare-
ments. These datz kave had limited utility for
occanographic research in areas such as sex surfaoe
temperature measurenents, sex state studees, and
observaticas of ice cover and pollution. The use of
multispectral scanners in the Meteor spaoecraft peob-
ably resulted in oocanograpaic datx of somewhat
greater utility, but these data are tetter suited for
meteocological and earid fesoarces evaluations rather
than fo:coanoznphicsmd'ts-

The manned zpace perogram bas played a somewhat
larger role in the fieid of occanography, and instru-
ments used foc cbservations of the earth’s land surfaces
(such as the MKF multispectral camera) also have
pravided important oceanographic data. A discussion
of results from Salyut 6 by K. N. Fedorov, Director of
the Section of Space and Experintental Oceanology st
the Iastitute of Oceanology of the Academy of

10



Saxconet, wtreucs obwervatons of imtermsl waves and
cdibes aoxd carrenes, o well 23 ad slachks, 1 bang
impurtant pradects of the Salyet finght. Artxcies by
pe=roanct from the AU amn Saentfle Rocarch
Imstitnte of Manac Fokreg and Oocsmography ot~
raily kave poratad out Salyut 6 observanons of mtenest
to the fpskmy mdastry. such 23 negaoes of hegh
budogxcal producirsity. Synchromoss olscrvainoms
were ken by Sahyut & 7 vesscis, and aireradt
sepurtedly ower arexs of t 1Sca. and roetize
uumeescines we e mamiyinod betweoen the axmo-
maats anxd seuentr

Cosmay 1C76, hinchad on 12 Febrxary 1979, was the
{irst known Sovact satedhite dedicated to oocrmographic
observatioes, Acoxding te peess reportsihce mrain
tasks of Coszmos 1076 are to chart opkimum and safe
shipping roates, to scarch for arcas of good (ishing
praspects, and to colkect metcorological informatioa.
fastrumentation for the sateilites repoctedly was devel-
oped by the Marine Hydrophysics Imstitute of the
Ukraiman Academy of Scienccs, the Institute of Radio
Engincering and Electromcs, and the Institute of
Occanclogy—the kst two institates are in the USSR
Academy of Scences. The announcement was made -
1hat Cosmas 1676 was 1o work dosely with surface
ships that would pecvide ground truth for the satellite

observa

A weound satadhite retatad o oocoed wrvestrgatnes,
leteruimoos 20, was bhwsched oa | Yovember (979,
Like that of Conmas 1076, the mossava oF lateranmos
20 ~cpurtadly mxcindes oosertatoa of regames of bigh
Baseognal productiviey, 23 wedl 2 roes of occaa )
pollatoa. The pey hed for thry satedbite was devchooed
by scxentots {roea the USSR, Exst Germany, Roma-
oy, Crechaslovaiia, and Hargan | Istrementaison
abuard repurtadly inciudes a meinckinnct spociro-
piucomcter for recrsaney te egnitede of the
emitted radiation from the oocan serface in vamocs
wavekngths—perobably i the visibie-—a doable polar-
atica radimter for merseniag smitted radiatvaa in
the microwave, and A mmgavtometcr trat probebly is
for attitade detcrmimatoe. A large part of the
Interonsmas 2C miision ts to reccive soentific i foraa-
tion from occan booys and some remote land stations -
and to retranumit it to central recavirg statioas in the
participating coeatrics. [atercosmos 20 may be the
Okean satcllite oa which the Iatcroosmos orgaaization
was reported 10 be working for krunching bate in 1978

Casmos 1151, sent up on 23 Januwary 1980, is the most
recent occapographuc research sateilite lrunched by
the Seviers. This sateilite 2ppears to be geoersith
similar 10 Casmos 1076, bat the Soxiets have an-
nounced that it carries a radar to collect inforonuoa
aboat the magnitude of waves, in addinoa to the
tostrements that were aboard Cosmos 1076, Althoagh
the type of radar aboard Cosmos 1151 has not been
specificd., it most likely ts a scatterometer, 2 special
purpose instrument designed ta peovide information
about the roughness of the undertying surf:




Sefone sersimyg Aty ke PEroe A samd ragwres
ment o that data with 3 rewintaca betier than 30

meten skl mat be redenad to a therd party withowt toxe

latermetyraal interest ir cuth resoances Eae s wide- _ :
speead aoed zrowiog. Todate, the LS Lambat sibe . We enpent that Sawict brhatera] wters to oeher coin-
valy active satellite peoviding soch data routinehy. bat  tries will imcrease in fnazecnay 28 moee “atellite data
a3 the Suviet program develops, the Sovicrs couhd are aocumukated. The mapr sowree i e mear term
boovme competizoes with the United States in for these data peodiebhy will be MK T cameras aboand

supplying data. The Urnited States has the advantage manped spéidcocralt such as Salvet. Data from the

of getting sa carlrer s1an: ground statoas in Branl, eamanacd photographie satcibces aba oy be oifered.
fraly, Canxdr, Japan, and Sweden abncady are recary- - but-exchange of thowe data i fess likels than an
ing data from Landsars asd several other oantrics 2re  exchange of data from tae manead spacocralt. MKF

~Qoesent of 2 wawed srate does mot ooad to be vbenad

chanieg to install these stations in the oear (uture. On  datx from manned satellites arcapt o be moch moce

the other Band. scveral of the deveioping mativas are plentifcl. ind ihe Sovicts protably would tike the
uncasy with the US poticy of making Landsat data -~ added propaganda value of an intermitivaal evchange
avaikible to anyooe who wiskes to mm.in. 1o boust their manned space progrim. Multispectral
S : st G 2 from the Meteoe satedtites-could:be-olfered. but
The Soviets traditivmally kave imposed strict coatrols  these data protadly woakd mot be very ﬁimb&c :
on satellite photography and genenally kave been because they aresotrfcriorto Landsar dar
reluctant even to°share such iaformativa relating o , ' B
chservation of cifth resources. This policy began to Izs pood resolutiva will mike the Soviets” mahispectrai
change. however, after the descclopment of the MK F-6 photographic daia atiracuve 0 other countries. Other
mul:is; <ctral camera: the Soviets appareatly kave . sclling potnts thet the Soviets could use ane the massive
been thariog these data with ather socialist countries.  size of their mapping establishment and their

"o 1977, the Soviats broadencd their daty sharing competende 10 2333t deredopizg countnics in using the
policy cumsiderably w hen they announced to the dara. as well as their willingness to keep the data from

United Natioas that they were prepared tocarry out other states. We do not betieve, bowever, that the

. remote sensing of territor; bauaging toother countrics MKF data will challenge serowmsly Landsat data. The

‘that two vadihons wou ) ore any time. their competitiva peobably wall

and to provide thuse countries with the resulung drta.  Soviets may booome more competitive when they: are
abiz to peovide impeoved MSS datx; however, by that

ude other

in addition tv

country could obtain such data. First, the requester countrics—such 25 Fra
would have 10 pay an unspecified charge, and, secoad,  the United States|
the requester would have to agree to allow Soviet :

personneld to assist in mapping the data

Since then, the Soviets have reached an agreement
with the CEMA states reganding the distribution and
use of satellite data for carth resources studies. This
coavention—which probably s intended 1o be a2 model
for dealing with other states—stipnlates that the
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