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The Soviet Earth Resowrces
Sarellite P’mmn-

In momitoning carth resources by satedite. Sovies systems provide
multspeciral photography | of better resotativa thaa that of the US Lamisat
sanning systern. bat the data are muee iinsitad 1n questity and gemerally are
oot as umcly. The better nesolutives are wseful for all carth revenaes
appixatives but are pertcabardy impoeta st foe SSURKILINE CTID 2CTERR 1N
regreas of the world where fiedds are simsd

In coatrast to the multispectral scanner appuxich wsed by the United States.
the Sovrets have emphasized manned amd unnnnned malispectrai photog-
raphy n thar ecarth nesouross satelhite program. This apprach has roquired
fess sophsicated data poxacssing and revording equipment —iwo program
areas irw hirch the Soviets traditioaally kave been weak —but the Guantty of
data i limited by the 2mount of film aboard each satellite. and the data are.
for the mast part. not as timady. The Soviets are expected. homever. to
continue 10 emphasire the phowseraphic apprxach at keast through the
middie [980s because a suitable maltispectral scanmer system is umavail-

=

The Soviets” mannad program. used oo wbmogr‘.%xhi\: amd data peosessing
systems developed by the Exst Germans, suvcessfully peovides mulispectral
photography with nesolutivas of 10 to 20 mete:s— ressolutions that are
vonsiderably batter than the SO-acter resolution of the US Landsat system.

The unmanned carth resources photography system, based on the same or a
very similar camera system. was used by the Soviets in 1979 to supphement
the manned system in what probubly was their first large-scale effort to
monitor crops throughout the growing season, as well 2s to determine the
feasibility of using such datz to sstimate agricultural production. Informa-
tion on the results of this experiment 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 1o 300 meters, considerably below that of the US Landsat.
The Soviet scanner. therefore, s inadequate for some types of carth
TeSources studies—for example. those related to forestry and agriculture.

* Multspectral sensing involvss the 2aruBiton of data simultaneousdy in several barnads of the
clevtromagnetic spectrum. When the signab recurded in the multipde bands arc anahvzed ia

cuajunction with cach cther, more information about the sensed arex bevonxs avaitable than
if oaly 1 single bund were usad or if multiple bands were amahyred independentiy

iy PN A A N g v




We believe that the S ~rcts are davelopeng 2 oow multismocind wanmng
system with a Mmisier sosolution, but it orodubly will not be rvnlable
befare 1931 at the cisirest. Furthermuore, data provessing problems are
expvvial to plague the Sevicts and peobably will defey further the
eperaticna] dopivyment of the new system

{2 2 sigmiincant step for thar ocanygraphn research program. the Sovrets
began bunching occanograpaic rescarch satedlites in 1979. but the fardy
rouline compiement of semsors 2boand did 2t compare with the compeet -
cayhxad of the US Scasat satellite. One of the two 1979 satedlites
Intercosmas 20, was develupad potntly by the USSR amd several CEMA
countries aod nepessented the continuing trend by the Soviets W woperate
mure folhy with CEMA ailies. Intercssmas 20 can rehay data from remote
carth instalkations, such as ocean buoys, to central recenving faclities
Cosmas 1131, hhunched eardy in 1930, repoctedly bas an active radar
system—probably a scrlterometer—io measure the magnitode of toae
r.n'cs-
In the UN debate on how carth resources sateilite data should be haraled.
the Sovicts kave propased that data with resolutions better than S0 meters
should not be made availzble to third coentries without the coasent of the

- sensed state. This proposal i attractive 1o some developing cguntrics that are
uncasy with the US policy of allowing anyone to purchase dana from
Landsat -

Despite the high resolution ot their photographic data. the Soviets probably
cannot compete seriously with the US in supplying data and data systems to
developing countrics until the new Soviet multispectral scanner system s
avaikble, since thsir photographic data are iimited both in quaatity and
timeliness. When the new sysiem is in use. the Soviets” competitton probably
will include not only the United Stutes but akso several other oounm'cs.-
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The Saviet Earth Resomrcss
Saiellite Program gy

Latroduction

Almang rom the deginmne of A spoce cra. the Sivcts
have boen inzeresiad 13 e remte wavesinzatam of tine
- carth aad 1ty exzroument irom specaralt. Althoagh
crrdy spuce mmsaons were devoted bupety to mcasanres
mears of the Wpade cevirvamet. the Sovxces very carty
i (e spae posgram begra to devclop metaurviognc
satcihite. Other oranches of the Sovict carth «Semoes
woa began to rexlvze the potenmel of romote seming
from space. Th: Sovict mtorest paraflced that of the
Lmiyd Sats and p—aably was sumulytad Oy the LS
devedopment of the Earth Rowaress Tochnoboey
Saiddlize (ERTS—hter reeamad Lasdsat), whch

began in :hcmid-l%(h-

Tae Sovwers had several space systeans that they coakd
have adapted exsidy for their carty rosources satedlite.
The firss of these was the Metoor weaather satcdlite
systemn developed during the casty 19605 The Metoor
spacersft 3 stabdized aboat thee axes and thes
would 2ppear to make an dead phatform fora
multspectal scanning sysiem stimihar o that wsed in
Landsat or for 3 photographac system with ocboard
processing simbar to thar wsad to owiGe phocographs

of the far side of the nmn-

The Soviet manned space program abso cifer~d exenl-
lent platfocms ca which to fly carth resezross expere-
ments. Earth observations from ortet are a matural
thing for cosmonauts to ¢o. and 52l observations
peovide valoable infocmation on carth rosowress. as
well 23 gring a good cover for military-redated
activiifies. such as testing sensors during rissake
[aunches. The active Sevict photarecoanassano: peo-
gram also proviged a pood merex for carrying out
carth resources observatioas. The fack that the Soviets
were proceeding with all these approacacs became

cvident as the carth resouress program dc\tiopcd-

Mazeed Photographic Program

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

toas "mehrrveai™ by the Sovwers ) photographs of the
carths sarace came wrth the Dumch of Sabut §on 19
Apal 1¥71. Ca 7 Jume, Sover 11 docked withSakut I,
xmad the crew degan carn ing out photograghas odmerva-
toms 2 few days thereafier. The oo of Soyuz U
persbaed a3 they retaroad o carth, but the phato-
oraphac data were retuened and sDudaed by Sovnet
waxeatsts. Sahut 1 casted boeh fived aed kayd-bedd
cameras. Boudes photographing the carta, soome of
thowe ameras were wued simahtacovesly to phocograph
the szars 1 order 1o cate acoare iy carth featuresHa
the phatogra

S.zhn ! :xlsoc:xmcda spcum-phxm experament-

that w2s 2 continwaton of wock bzgue duriag ibe
group ight of Soyaz 6. 7. and 8 i October 1969 Thrs
xpert nent was used 16 determine the boghtmess of
varwoas types of underhing Strfzoes in different pars
of tbe spectnal range from 0.4 10 0.7 micrometer (am).
The carefuily prepaned experimens of Sovuz 6. T.and 8
ivahred simultincoas ground and arrorft observa-
tons for ground iruth {19 estabish th accuracy of the
satelits measemensents) and was chearty refated to the
devclopment of the mualtispectral

The deaths of the Soyuz 11 cosmonats resulted in a
standdown of the Soviet mannad peogrzia wanl 1973,
w ben Salvut 2 {pever manned) was bunched oa

3 Apil. Soyuz 1 2—lhaunched ca 27 September 1973 —
coatinued the development of the mazoad ploto-
grapbic carth resounces program witk the inclusion, for
the first ime in spce. of a multispectral amera. A
mapor diffcrence between this camera ang that of
Salyut | was that it provided simuitancoes nhoto-
graphs in nine different bands, whereas the Salyut 1

. camera could operate in only one band at x time. The

newer camera had nine lenses with synchronous
shutters actuated by a comman coatrol mechanism.
The camera reportedly had a focat length of 43
millimeters (mm). a frame sizz of 24 m by 32 mm.
and three cassettes for the nine lenses. The nine




spectrai dumds mved wire Q0 U um m et amd
were ceaterad 2t Q42 037 152 039,063 Culd, 0 o8,

.73, and 0.30 w‘n.-

Sovuz 13 was bnackad i Docemioer 1972 wied ths
same e of Camers 33 wed 2a Sovuz 12 Thoe flreh's
WCTE UTNRTAS $LCps 1 the dovefpoent of the Sovet
<canth rowancss program and deroesstrznd the ffec-
iveness of maitsgectrad photography fov parpamses of
cantography. poohxgy. and yegetina stodies. This
rotography peovided Sovet saeersn sith o -
toa aboat «xb- and gas-bearieg sractures, ooy
unkoowe faals, and shallow sources of rres zround
water in desert regoas, thas confirming to the Soviets
the potential of remote semsing. These data mx oaly-
wiere of immediate we w the Soviet econoviy bet abso
were wsed to detarmine optmal wavekeagiss and
wavelength conbimations to be wtilized in favare exrth
nesou s stadies.

Salyut 3, haunched in Junc 1974 2gain proxided earth
photography Ukt reportadly was wied for tae sodution
of "important matieea] and coonomic problermns.”
Salyut 3 photographs were s2id to belp define 67 oil-
and gac-teaning struciures—incladiag some wader-
water séuctures —aad 2 number of intersections of
harge fanits that were of interest in prospecting for
valuable minerals. Salyut 3 abe apparently continued
the spectrophotametric observations carried owt on
Salyut 1. The observatioas, however, apparentty were
DOt 2 progressive step in the development of the
multispectral photographic capability: moce proba bly,
they provided a convenient scientific shjective for what
was armarily a mlitary mission.

Twehe photographic systems of different types report-
2dly were aboard Salyut 4, launched in Decemiber
1974. Solar observations—ratber than carth resources
investizations—appeared to be the main missioa of this
spacecrafl. Nevertheless, Satyut 4 carmred wide-format
mapping cameras—the KATE-140 and the KATE-
500—as well as 2 multizonal photographic system,
designated the FMS. The KATE-140 camera has 2
140-mm {ocal length and a 130-mm frame format and
has been used again extensively on Salyut 6. Litt’c is
known about the KATE-500; it probably had a
function similar to that of the KATE-140. The =500~

%(..

dewgmaior probubly undicates 1 S00-mm fxal bemgth,
e 3¢ TG deiagmator ta the KA TE-140 o the
snLoe 23 1t foca® iemgeh. One franse of the KATE-130
Caomery aovere appeaumately SEa 000 wquware kihom-
cters ol *he cxetd’s sarface cod & ospucally wsefel for
dezermning refatve and absolate aittedo of varena
soinss ther

The FMS camen svstem coesnzad of four cameras
veeraang in three spectinl megec 053 w0 0.6, 06 0 0.7,
and 0.7 10 O35 um_ Ground procossies of these
phocographs inchedad the wse of false cxdor to highlight
varaoes 1y pes of ground surfaces. The pactores repoet-
edly wore wed fo discover and map karge faults and
ather soolograal faaneres—particabarty over inecoes-
sible noantainows regions of the Pamirs and the
Cancasas—and te analyze for=st 2nd "2t resogross.
1a addivon, the operation of 172 FMS photograpis:
syszem aboard Salyut 4 provided imaportant data for

“the dovelopment of the MK F-6 mahizosal cymera,

whach was tosted 200ard Soyuz 22 m September 1976,

)
Sahut 3, bunched in Junc 1976, kad 2 military-
rekited mission simikar to that of Szonvat 3. bur—as in
Salyut 3—the photographic experiments repost
were 2ko used for enria rescurces parposes.

Soriets report that 65 millica
square kilometers were surveyed, incleding the regioa
of the Southern "Jrals, Aral Sea, Ahay mountain
systzm, and the Dzhugarskiy and Alatou spuss of the
Pamirs and Tica Shan mountain ranges, as well as
portions of ti¢ Indizn. Pacific. and Atlantic Occans.

B+ _d on the results of the carth resources information
cotiected from their many manreed flights through
Salyut 3, the Soviets concluded that they needed a
muluspectral camera with better capebilities than any

g




they Bad avslable. Thes bed 1o the deveiopoent of the
MK F-5 camera—a devefopanent that was to % carraad
<ul namatly by the Imtitate of Space Rowcarch m
Mosoorw 2nd Kard Zerss i Jeny, GDR. In reakity.
howerer, the now photographic system was deveboped
almamt entirely by Zans, bused apoa speaficatons
proxaded by ibe Sovtess. T Soviets abo imsta led the
camera oa the spacecrast and inregrared it with the
subxysterns of the spasecraf

T Saxrets [irst apgweoacied the GOR about the
dovelopment of ths caoera cary i 197X 2 1973 an
1zrexment was reached on the specifcatons that
incieded operating the camera m wavelengths berwmaoon
0.43 10 0.84 pm, ssing bandwidths of 0.04 100,10 am.
This agreement earked 2 cew phase in the expandog
cooperative space cfforts between the Soviets and the
East Enropean countrics. Heretofore, the East Earope-
ans had Lailt instrumentation o fly oa Intercosmos
satellites, bat nothing oa the scake of the MKF-6,
which i3 the primary instrement for the Sovicts” carth
resources peogram.)

Besides the MKF-6 camera. the GDR 2150 designed
ths multispectral 'mpcxor designated the MSP4. The
MSP-3is dcsxgncd to provide high-resolution, syathe-
sizzd colot prctures from four black-and-white photos
taken in different wavelengths. The MSP-4alsoisa
complex optical instrument that can peovide color
images with a fivefold enlargemeni. By combining

light filters yng the intensity of Mllumimtion of

the initial (black and white) photographs, synthesizred
images can be produced in both matural and false color.

Soyuz 22, with the MKF-6 camera aboard, was.
launched in September 12976, maacod by a crew of teo
Sovict costonauts. After 2 flight of eight days. the
camera and exposed film were recovered with the
spacecraft. A somewhat modified camera, designmated
the MKF-6M, has been used exze:sively oa Salyut 6.
A reserve elcctronic bloc reportedly was added to the
modified camera, and a thinner film probably was used
so that 220 metersoi-film per cassette could be carried
instead of the 110 meters used in Soyuz 22, '

Soryar 22 repaetedhy peovidad moee than X 2000 picteses
of the cxerh’s serface, with cach (m:rcmmng.m
arex of 2bout 19,900 square kilomerers. Thes, a toeal of
40 mifbwon o 0 mulboe square Chometers were
sarveyed dunny lbt aght-day fhght. Speci! 1ot arces
mcxabb:s&u’imlchDR.Bu!aru.:.ndlht USSR,
and these aress were photographed repeated?s in
conmaction with simuliazoows ground 2od surface
observamons. Thae simalamevus observztions shoakd
bave provided goud ground truth data to 2suisg in
amiyzing the satellite photogra

The experiment aboard Soywz 27 praved o be very
secressfizl, and the activity oa Salyut 6 tovk oa moce of
an cperavoml—rather thag awzmcnui——mic.gc-
m.xm\a.ZInnn.mbommcwthm
program for the Institute for Space Rocarch]90
percent of the Satyut 6 photographs were obtained to
fulfill requirements of the maticnal cconomy., and caly
10 perceat for scientific perpases. Earth resonrces
photography was a major portion of the overail
m-nhbmhthckA"E—l-&Ommnzum ™
and the MKF-6M being used extensively during
manned portions of the flight. During the firsz tnanned

5e (10 December 1977 to 16 March 197S) of
Salyut 6. the cosmorauts probably took abont 3,000
frames with the MK F-6M, while in the second manned
phase (16 June to?.x\’ov:mbcr.l978). 4.900 photo-
graphs repertedly were taken by the MKF-6M and
KATE-140 cameras combined!

Salyut 6 photegraphy was concentrated on certain
geograpincal areas, inciudiny, the Caspian Sea and the
regions along the route of the Baykal-Amur railread,
as well as'on areas that would be affected by the
planned diversion of nerthern rivers. Photographs from
Salyut 6 reportedly are baing sent o more than 400
Saviet facilitics having work under way in many

scientific disciphi ncs-

Salyut 6 photography is being used by geologists to
look fer 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
carthquakes ‘Hydrologists and glac:ologxs:s are find-
ing the data uscful for calcnlating water resources.

}z(
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Thoe datad will contnibate tu 2 nem thes of savow and
moe rOWRrS that the Soviets are cumgriiay at the
razuest o UNESCO. 12 the arca of cocaroography the
Sovrets :re maing Sahvat 6 photograpdy o study
shallow theif rooes wbese many noserves of cuncrabs
and ~ertroicun are hovatad. Sahvut o paoeographs 2o
s wad cvzemavedy in agrwulture amd !'-.m!r}.-

Despite the ccalth of irformataa in the peoss amd
ropalar soenoe prblicions abeat appisicg these it
Utthe ks appeared as vex in the soennfwe literature.
Furthermure, Soviet scaentists kave prcienred few
mapers esed ca Sovaz 27 or Sahut 6 phaotography at
scxenufic confereooas. Part of this defay counid be due
to normrel lig ime in getling sOon A rapers pab-
ished. but pormal kg Gme woaid oot aocouat for the:
three years that have chapsed since the flight of Soyuz
22 Some of this dekas probably s due to the data
peocessing problems that so often kamper the umely
dissemimition of scnufic amlyses in the Saviet space -
peoginx

The MKF-6 camena has bevome 2 major factor in the
Soviet earth resourcss program and probably will
remzin so for seme tine. While the Soviets eventually
may design or purchase an improved camera, the

MK F-6 probably will be used for at icast 1hz next five
vears. Similarly, we belicve, the Soviets will continue

4




to use their manned spececrafl as a major input to the
overall earth resourcs program. Tied to the manned
program, carth nesounces obs<raaling receIve muce
attention than they would if they were carmied out
aboard unmanned spacecraft. This fact can be of
imporance to the Soviets if they wish 1o overcome

thar late start and to compete with Wastern rations in

providing satellite carth ressurces data to lesser
deveioped countries. Also, the use of photographic
data—as oppussed to that of 2 multispectral scanner—
does not tax Soviet data-processing capabilities 30
severely. On the other hand, earth resources obsena-
tions abcard manned spacocralt pormally have o
compete with other experiments, and currently—with
the exception of Soyuz 22—the Soviet manned

" apececraft do mxt peovide datz much beyund 327 mottk
» soath latitede. Under current operational proce-
Gurey, the manoeed program 2bo does noz provide dac
‘on 2 near-real-tiomve basis. This often & ot 2 soroes
doniment, bat it Sould be 1a certain instanves, such as
muoaitoring crop coaditions. The manned system cuuld
pruvide moee tmedy data if the orews were nxated
mure frequently oc if racovera ble capsules were wsed as
has been doac va the militany Salvne

Uzaxsamed Photegraphic Program

With the baunch of Cosmos 771 1n September 1975,
2352 of thetr carth nesources

the Sovicts began 2 new
satellite program (table 2

series—now called ERPHO—have
flight duratien, and spacecrafi in

comron with mwost high-resolution photorecon-

naissance satellites: they also are reoovered in the same




"t

Cmonar | o™ %83 3
Connm 320 R -, S . 33 13
Connm 312 » M = a1 Tys0 as
Conmn 35 ST » ot 398 T aa
Cosmnm 1O(O Mus pony petd 399 1IR3
Comznm 1033 ) a4 3 Y 11 -
Conam 109% 1T 9 3 s T T
Connm 1108 $ Jaa ™ ] >t = 92 03
Conmom 1108 S ha ™S e paT] 2] 3
Cosman 1118 BN ES) = w1 s14
Conznm 1123 M aag S Toe = 191 e ‘
$Scp Ty N0 pars 91 T -
24 May 19 =3 = B i
12 bea ™9 Y oy ey s11
Ty 3 = w1  ma
T 0 s T2

mannper. Imsiead of the normal PhOtORCCOANASSANCE
cmeras. however. they carry five or six Jower-
resoluion cameras.

The cameras aboard the ERPHO satellites protably
are multispectral and are similar or identical 10 the
MK F-6 cameras used on the manned flights. Develop-
ment of the MKF-6 camera reportedly did not begin
until 1974, however, and the camena probably would
not have been far encugh along inits desciopment 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 satellites have been lagnchad nto
ocbits with 2bout $1° inclinatioas. A ootable featare of
tire launch schedule from 1975 through 1978 was the
launch of cec satdlite in the spring xod anottrer in the
farl The near-81° inclinatioas provide the Soviets with
coverage of the wotal USSR land mass. o .z spring
and fall launches could indiczte an interest ia the '
soning and harvesting of crops, as well 2s in other
phenomena. such as the freczing and thawing of
waterways and the amount of snow cover. Other DS
of carth resources investigations—such as geokogial
featurcs—probably could have been carried out
equally well during other seasons of the )mr-

The most interosting {exture of the ERPHO program
took place from May-September 1979, when six of
these satellites were launched aiong with four regular
low-resolution photorcconnaissance satellites that, the
Saviets stated. had sirth resources missions. The
launches provided the Soviets with almost cantinusus
coverage during this period ifigure 3). The facts that
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Tabde 3
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the penod of activity-embeaced the sowing-through-
harvssing phases ol the crop seasoan and that the
coverage was neardy coarinuous are highly indrative
that the drving fzctor for this operation was pamanly
agzricultural The ERPHO satallites woald prosvide
information oa the stutus of crops. whercas the low-

resolutioa photorcooarassance satellites would peo-

vide mforamation primarily on the status of fickd wock.

The Large Arca Crop Inventory Experiment (LACIE)
carred cut by the United Siates between 1974 2nd
1977 using Landsat data showed that satellite dota 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 principic to the LACIE
program, although other resources ohservatioas prob-
ably were alse carmied out. If the Soviets found these
data wseful. similar activivy may be seen in foliowirg
yvears. The Soviet program had the advantage of higher
resolution data than the LACIE program: insufficient
resolution was considered by US nesearchers to be one
of the biggest weaknesses of the Landsat data.
partculardy in arcas where strip farming effectivedy
reduced fiedd size. This generally is not a problem in
the USSR, where ficlds are large. Data from the

S

ERPHO satdhites wers cot obtained in reab-timw gnce
the film was aot recoverd for 13 days and then kad to
be proauss. Owerall, bowever. the Sovicts probubly
found their data wsefi

]
*‘neganecd VMwkispectral Scanmer Program
Sovret devedopment of 2 multispeciral scauner (MSS)
for carth resouroes studies has been based on the
Mctcor weather satedlite program (rable 3). Simce the
beginning of that program in the late 1960s. video data
peonided by Meteor spacecrafi have been studied by
soxenusts—such as geologists and hydrologists—to
determine the asefulness of snch data in fiedds other
than meteorodogy. Despiie rsolations somew bt
pourer than ! km, the data were found to bave some
uulity in noameteorologxal fickdss however, the kow
resoluticas combened with the brck of multispectral
charactenstics made the data far from wdeal for a
muludisaaplimarny carth resoarces progra

Not until the hrunch of Metoor 1/13 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
June 1977—both also amried the dovdopmental MSS.
Mecteor 1/28. bowever, was in a2 nomimal 650-km orbit
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imstead of the waad FO0-Am, aod 1ty inchaatnn wis 2
-4y ochrodoas 38 rather thaa 312 Both of those
chiogo were minnine of 1 moosa more oeestad
tormards canh rowancos, unee the bwer aintnde woald
resalt in better reudatnn. and the sua-sy schroowas
ortat woukd proswde data with the same lighting
cenditons exch ime 3 satclite passed over 2 puctacular
st oa the carth. Metoor 1238 2k was the first
sarcihite o be calied by the Sovaet peess, “Metax-
Priroda™ (Matsre), indiczting that the devebopanent
and testing stage ked been compicted of was nernng
completon. The Soviets simoxe bave hianched Meteor
. Puwal 12~y vhrooves oebet sinnbar 1o dhat
of Mectoor 1/

The imtrumentation aboard the recent Meteoe |
atellites comsnses of tao multispectral scaamers desig-
aated the MSU-M and the MSU-S. The MSU-\M has
2 resolution of 2about 1 km and scans in four speczral
ranyess the MSU-S kas a higher resolutioa of 250 1o
300 meters but scans in onhy two spectral regons
(table 3). The MSU-M scams at a rate of four lines per
seooed, aod the MSU-S. at 48 lines per scooad.
Baxuse of this differenve in scanning speeds, o
different scanninrg peincphes are wsed—the MSU-\§
uses an ssalhiung mirtor, 20d the MSU-S, 2 rotating
retlecting pryrams

The Sovicts ako have been fying the second genera-
von Mcteor 2 satedlites sinoe 1975, and at heast ooe
MSU-M or MSU-S scanner s used on these satedlites.
The Meteor 2 sazellites continue to be hunched into
the normal 900-km orbit, while the kst two Metoor 1
satedlites have been in the ower 650-km ocbit.
Whether this launch pattern will continue cannot be
determined yet bat if it does, it suggests that the
Mcteor 1 satellites will be used mainly for earth
resources stedies, while the Metoor 2 satedlites have
mcteorological observations as their primary missior.

The resolution of the two scanners used oa the Meteor
satellites points towards a dual purpase—metooro-
logical and canth resources. The sstablishment in 1974
of 2 new data processing center. the State Scientific
Research Center for the Study of Natural Resources,
(GOSNITsiPR), under the State Committee for
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Hydromctoorvbngy and Control of the Natural Exci-
roament {GOSGIMET) 2bo is indiaative of 2 dxal
parpse. This conter probubly was cszablished to
process the MSS data from the Meteor satedlites. At
the same time. a second data center, the Soentifac
Rescarch Center— Prirada, was estabished under the
Chucf Directorate for Goodesy and. Cartographiy.
agpareatly 10 hamile the manned 3nd unmanned
photoagraphn carth resoances da

The 1-kilometer resolutioniod the MSU-M is adagzate
for mwst metcorohogial purposes. The 2580- 1o 300~
melor rsotutioa of the MSU-S—ahtbough adeguace
for zome types of carth resources studes—is oot s
£o0E as would be desired for many sach investigatioas.
It akso does not compare favorably with the SO-merer
pured size of the current US Landsat MSS or the 30- 10
$0-merer resoduiion cavisioned for the next Landsat
MSS. The Soxvicts probably would not rely entirety on
photographic data to fulfill their requirements for
higher resolutions, because these data are not avaitable
oa 3 umely basts. Some users, such as those in
agrrcuhture, require both high resolutson and timedy
data. and these requiraments srobably could be better
met by an improved multtspectral scanner syst

In the carly to middle 19705, the Soviets showed a2
great deal of interest in purchasing US multispertral
scanmng equipment. The acquisition of these better
scanners, bowever, would necessitate improved data
processing capabilities: acquisition of such capabititics
has loag been a problem with the Soviets. Al the time
that they attempted to purchase US scanpers. they abo

tried to obtain US data ing hardware and
sofiware and display sy.:w




N nd arex of weakness m e Savact peogram s teat
o coarnding Grpubadity . This was demuestrated in
{97, when 20 aght-bund wuzomer was flown aboerd
24 aeeralt 1o colbect agenniterad datz. Si-oe valy foar
chaasels Qoait be roamdad at vex tme. the pRanc kad
W0 auzke two pesses awer the 202 i ocder to ubeain data
from ol aighit chanaels. Litthe oo tnowa aboge wiat
steps the Sovwens are trking o allcvate this recueding

Sovact attempes t parchase US maltspectral scanmers
and msocated daty procesang systems kave dimin-
cshed unce the middle 1970s. The Sovicts probably
Ekeve coactuded that it wousd be too expensive 2ad too
treablcsome o rely eatirddy oa farcign purchases for
sach oguipoxent and have decided t0 devedop their vwn.
scanncr that is to have

Litthe is known about steps the Soviets kave taken
recently to develop o acquire associated data process-
ing equipment. {a any case, they would be unlikely to
have appropeiate equipment for a near-real-time sys-
tem by 1983; 2 more reasocablc date for such a system
to come on line probably would be the late 1980s.
Despite the fact that the Soviets are developing bigger
and better computer systems. the problem of process-
ing carth resodrees satellite data pobably will be with
them for some time to

In recent years the Soviets h_avc tended to allow other

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

Seeret™

rdditwa to the MKF camera, the East Gamams 2t
Asve devedopad 4 Fouteer spoctromeier. whrch the
Suvwets kave (lowa aa severat of the rocent Metovr
speoerait. One of the Exst Exrvpein aoentrmes —
peebably East Garmmany or Crachashovabis —sery pos-
ubly wuld be 1rvugmad the task of designing 2 ocw

meltspactral scrnmer and pavubly dats peos
]
Interoosmas i doiynmy 3 rematasemiing swoinmer

o 30t that o whaduled to be Branchad in 1SS
Whether or oot this mstrument & 2 mahtispectral
SHAKCT tenmAns 1O be

Oceaa Remete Semsing Pregram

The Scricts mintaim a very birgs occanographic
research peogram and foc many years have displayed
iaterest in using remate seasing sysiems in space as an
additional tool for ocean observations. Ceasidering the
v33¢ 2rex covered by oceans and the difficulty in taking
observatioas over any significsat percentage of that
arca. Wiis iterest is matural. Sovict occanographers
have worked with dara {rom the Meteor satellite
program. s well as with viseal and instrumental
observations {rom manned spacecraft. but not until
1979 did the Soviets hlaunch any satellites dedicated to

The Metoor satellites have provided risible imagery. as
well as infrared ard microwave radiometer mexsare-
ments. These date kave had limited utility for
occanographic research in areas such as sex surfzoe
temperature measurerents, sex state studwes, and
obscrvaticns of ice cover and pollution. The use of
meltispectral scanners in the Mcteor spacecraft peob-
2bly resulted in occanograpaic dat of somew bat
greater utility, but these data are Letter suited for
meteocological and earth resources evaluations rather
than fo:mnoznphicsmdks-

The manned zpace program has played a somewhat
larger role in the ficdd of occanography, and instra-
ments used for chservations of the earth’s land surfaces
(such as the MKF multispectral camera) also have
provided important oceanographic data. :A discussion
of results from Salyut 6 by K. N. Fedorov, Director of
the Section of Space and Experintental Oceanology at
the Institute of Oceanology of the Academy of




Saxenoee, strewses obwerviataons of mrermsl waves god
oﬁboxn&mn-dlnalsﬁdxnbang
wmxbxno(:bc&buﬁgu.\nxbh
mfmmcmcms@mrxam
Isststate of Manoe Foheeg 30d Oucamography matn-
rally kave parated out Salyut 6 obrcrvanas of interait
:utbcfuhhg'mdmry.smﬁnmmo(hign
bu&m;upr\xbu_mu}-s_\mm-aum
wore tiken by Sulywtoc: T~ vesseds, and aircrat
sepurtedly over areas of e 1S¢2. and rovtine
c\mmnﬁc;lim‘ctminumdha-mlbcam
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Cosmas [CT6, unched om 12 Febroary 1979, was the
first kooma Sovict satedfite dedicated to occanographic
M&mmmmmnﬂn

mbo(leomamuchnopdmm’udsafc
sbippingnuus.lomdformdgmdrnhhg v
Pespects, and to collect metcorologicat infornzativa.
lmmu:hafaknldﬁumwdlymdnd-
oped by the Marine Hydrophysics Iastitate of the

L'hainhn;\cad:myd’Sdcnca.tbclnsﬁmlcddeio
En:inc:tingand&ctxmiu.udlhclmtimcc{

Otamhxy—tbthg.noi!mitmminlbcb&il
Audmde&no&'thmmdc :
that Cosmos 1076 was to work dasely with surface

ships that would cvide ground wruth for the satellite

A wooond satcdhite retsted ) GO IveMga oy,
leterammos 20, was hamched on { November [9TY.
Like tiat of Coszmas 1076, the mosaon of latorarsmos
20 repontedly b:fudcsoasm:tbna«'rcgima(h&gh
baadognal productivicy, xv well 21 Ao of oo _
pollatmon. The pey had for this satellite was dexehoxoed
by screntises (roe the USSR, Easy Germany, Roma-
oy, Crechosdovakia, and Hurgan . Isstrumnentazon
abuard reportadly incledes a muitckienct spectro-
phcometer for recrsanieg the magnitede of the
coutted radiation from the occan serface in varions
wavrekngths—probubly in e visibie—a doable pofar-
Zatioa radiomcter for mersuring cmitted radiaty.a in
thcmiav-ave.:mdammmanhlpmbx&y =
for attitade determimatioe. A hirge part of the
lumlcm&iunismmcd\tsdm(iﬁcinfm~
timfmmoa:anboqsandsamcrmchndsutitm~
Mlomnmitmmﬂmwtbasin(hc
particGpating cocatrics. lummynybcnbc
Okcan satellite oa which the Intercosmas orgasization
tasmtcdtobcmtingforhunchinghlcin 1978,

Casmos 1151, sent up oa 23 January 1980, is the most
recent occanographuc research satellite lxunched by
the Seviets. This sateilite appears 1o be genersth
simitar 10 Cosmos 1076, bat the Soviets have ia-
nounced that it carries a radar to collect infornation
aboat the magnitude of waves, in addition to the
instrements that were abeard Casmos 1076, Ahthoagh
the type of radar aboard Cosmes 1151 has not been
spociﬁeiitmmlikdy'sasaucmmuer.aspc:hl
purpase instrument desigacd ta peovide information
aboutthcmcghn&d:bcnudcﬂyingsuf




woesent of 3 seaved sate docs mx ecod to be vbind
Sefore serany actvty takes phroe A soared ragnire-
ment o that data with 1 rosofotam better than 20
mxters shiall mt be rebenad 1o terd narty withogt toe

laternatsomal interest ta cuth rosoaroes daky s wide- ) :
sprad aned promiog. To date, the LS Lomfsat sibe Weapaot that Sovict babsteral otfers to veher con-
valy active satdilite peoviding soch dary routinchy. bt trics will invrese in fregmency a3 moee “atedlite data
a3 the Suviet program develops., the Soviers coakd are avcumukited. The mapoe sounce in the mesr term
bowene wompetizons with the United States in for these data peobxebhy will be MKF camerss aboand
supplyirg daty. The Urited States has the mvantage manped stacocrant, such as Safvet. Data from the
of etting 1 carlier s1an: groand statioas in Branl, eamanaad photographic satellites abo may be o/Tered.
fraly, Cameds, J2pan. 2nd Sweden abrcadh are rovete- - ‘bat-exciringe of thase data & fess likely than an

ing data frem Landsats, and several other countrxsare  exchange of data from the manscd spocoorait. MKF
shnning to install these stativns in the ear futare. On datx from manned satellites 2re apt to be moch moce

te otber hand. several of the deveroping mitioes are“plentifal ind ihe Sovicts peobably woukd The the 77T

uncasy with the US policy of making Landsat daga added peopagandi valee-of an iztermtional cwhange
availible toanyooe who wiskes 1o parckise to boust their maaned space program. Mohtispectral
N : et — ~datx from the Meteoe satelfites would-be offered, bu:
The Soviets traditiomally kave impused strict coatrols  these data probubly would ot be very vﬁimb&: :

ca satellite photography and generally kave been becayse they aresoinferiorto Landsar gar:
reluctant even to'share such informatioa rehiting 1o , ’ B
chservation of €3rth sesoarces. This policy began to Izs good resolutiva will make tre Soviers® multispectrai
change. bowever. after the dexclopment of the MKF-6 pbotographic daia atiractive to other countrices. Other
mul:is; ectral camera: the Soviets appareatly kave . sciling potnts that the Soviets could use are the massive
b«ummm&mu-imm&m&gmm size of their mapping establishment and their

“In 1977, the Sovicts beoadened their data sharing competence 10 assist developeng countrics in using the
policy comsiderably when they announced 10 the data_ as well as their willingness to keep the daa from

United Natioas that they were prepared to Qrry out other states. We do not beliere, however, that the

- remote sensing of territoc; belonging to other countrices MKF data will challenge serioasly Landsat data. The

and 10 provide those countries with the resulting data.  Soviers may bocome more competitive when they are
abie 10 provide impeoved MSS data: however, by that

“that wo condihons wou m ore any time. their competition peodably will include other
country coeld obtain such data. First, the requester countries—such uwn additioa to

would have 1o pay an unspecified charge. and. seoved.  the United States,|
the requester would have o agree to allow Soviet :
personned to m in mapping the data

Since then, the Soviets hace reached an agreement
with the CEMA statesy reganding the distribution and
use of sazellite data for carth resources studies. This
convention—which probably is intended to be a model
for dealing with other states—stipulates that the
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