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This feasjb/～/ity study gwes a descrI'ption of the /'ce mon/'torI'ng of the Northem Sea月oute by

non-Russ/lan sate///'tes･ The vary/ng spat/'al and tempora/ scales of the sate///'te data are

d/'scussed as we// as the data avaI'/ab/I//'y･ The I'ncreased use of m/'crowave remote sensI'ng
technI'ques, by pass/'ve as we// as actI've I'nstruments wh/'ch are I'ndependent of c/Dud and //'ght

condI'tI'ons, is a genera/ trend /'n /Ice monI'torI'ng･ DemonstratI'on projects are imp/emented

where the m/'crowave /Instruments SSM/1 and SAP are used I'n near-Tea/ time to assI'st Russian

I'cebreakers /'n ice nav/'gat/'on･ The passive sensor SSM/I provides coarse-reso/ut/'on /arge

sca/e /Ice concentratI'on maps of the who/e Arct/'c daI'Iy, whJ'/e the actI've sensor sA月gI'ves hI'gh-

resolut/Ion I'mages of the /Ice I'n selected areas where ice nav/'gation /'s d/'ffI'cu/t. Both SSM/I and

SA月data are ava/'/ab/e in near-rea/ t/'me or as oftI/'ne products. The expen'ences from cuITent

demonstrations, technica/ aspects and future p/ans are discussed.
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1. Objective

A main objective of this project is to

demonstrate the usefuFnesP of ice

monitorjng by sateHites for lee

FNa岩IgT.tion in the "Onhern Sea Route

The objective of Phase 1 is to study the

feasibilty of usfng microwave, visual and

infrared sate=te data from non-Russian

satemtes. The study wilHnclude p｢esent
and future satelJite data, technical

requrrements for transmission of data to

ships and discussion of the ice

information important for navigation.

2. Backgroundt

The QPerations along the northem
Russlan Coast a｢e governed by Russian

authorities. Unt‖ the Iast few years only

a limited number of non-Russian ships

have had access to this a.real The

general access to the.regron is

Boe7eenmsee? Tbhyet hr… sRp u.snss.Fbnty" ifn.i FtcTv i?.･fa n

ship traffic in the reglOn is managed

under the Ministry of transport, which
has its own Department of the North

East Passa9e. The environmental
monitoring, which is essentia一 for safe

.oEgearnaffendS毒.thh碧占Sfsri三告gion, is
HydrometeororoglcaI Committee. The
operations and monitoring of the

northern sea route reglOn a｢e divided in

trhe… ,weec芸tveer.ny aMnudrAaasntseFarneg Lo.nasii vW.盟. k

as the main po叶s.

tHOheneatLnoqqlve:dgnabet?(tnhea;MHnfr琵co:p:罠iEo.7kai 0 n

forthe westem part and in Pevek fo｢the

eastem pa叶. Both of these centers have

distributed operative groups a一ong the

coast. Before enter首

must inform the MO
nLは喜ur.et就0.n, ships

elr

departure from port and then send dai一y

～eJ?.osncs.Et品oe:aono Tirmde)1.2: 0 0 mT

The

g!.
S

訂aptaenay l(aFrE喜宕eoe). i EfYiaeeglab.qs.!恵OPe

C") uaTdatnhSek FSahri-painS字sch7pmpqnagn y

rate a large fleet of ice-classifi占d

cargo vesse一s. These vessels are

sNuuPcFeOanre.dc ebbyrthaek eT sFee irsde Ejfcsec o )

(NlFS), with severaHarge nuclear
icebreakers such as Arctica and

Sovetsky Soyuz. AHhe Dikson MOH
the Science Operational Group (芦OG)

of the Russian Hyd｢OmeteorologlCal
Committee and MSC provides a reaレ

time.sea ice monitoring and forecasting

seryrce to the vessels operating in the

reglOn. Figure 1 shows the main

g鮮Lahtiicohn恕;ecsh pe.mnes Elbe.aedfi.n,gt toe t h e

production of the integrated sea ice
maps for the western part of the regIOn･

The sea ice information service is
based on field observations from the

icebreakers as wel一 as from visua一 and

themal infrared

giNkOe
AA AVHRR qRu

R) S.ateI!it_e imagery

ssian Meteor -and

早口Satemtes). On a temporal basis
an ai｢borne multトfrequency side-looking

Eayd,ahreSBsS earl Ass.?tpu;erag? dF i isnhtehs raengj o n
Oceanography (P]NRO) in Murmansk.

After the Almaz-1 radar sateHite ended

空se £pceerahtiosnnsH hlagd9喜霊eessRtu.S…Layn - ce

Saaaea':i tseysSte只sd aatrae I eExxpi setinsPv ea ity.rpnee,ate

and have 一imited tempora一 and spatial

COVerage･

The next scheduled Russian microwave

radarsensorto be la叩Ched on the

Okean sate=te series lS a Side-Lookinョ

;p:avdteだr?'ngSl!h:iredWg,TeicsnhJ gt-i喜C:ti.vdjeZ EkimE e: : dC m

covers a 2000 km wide swath. The
Okean is operated and dataw川be

distributed by Planeta in Moscow.

The next Russian SAR sensorw川be

IcE MoNrTORING BY SATELuTES
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on the AJmaz-1B satellite, due to be

feunnsc.hreadnadhseart i [?iPe5 ･h y,aJTa Pea Esavoef t h e
already been built, but major Pa作s of

ration and Iaunch are still not

To complete the ALmqz-i B
the

reaf書2tei
satellite mission, international funding

w川be essentia一, and forthis a

Russian/US joint venture has been set

up lo undertake the financln9 0fthe

mJSSJOn.

The two major sate=te orbits are:

i) the po一ar orbit (the sateHite is circling

the Earth 13-15times perdayupto
high latitudes),

Eintr:m:augndeeeOn.;LtvyaetpLo7nhSa: iTenqoeuSaii.t'rtah eg fSvaetne. - it e i s

IsheeJ'fO.I ra lcoe｢bJtaips謂oas.t h7gx E I YastiiYueye s ,

as a geostationaⅣ sate=te has too

large foreshortening of areas at

latitudes above 650. Some Russian
satellites a一so L!Se intermediate orbits

er晶ihpeeTso f.ynl冨ueilidtibCyOS?Ltt,, bnuattf.hiss.

A number of Russian satemtes in the
Cosmos, Meteor and Okean series
have had instruments more P｢ less

eae rqgt;tg i t.op主?cea raanpiH pc, r.ua';vgea

Table 1. Summary of past and present sateHites providing sea ice imagery of the
Northern Sea Route.

satellite Instru-ent b,pe Ia:rs.hnuynment ::a.fuetim慧tT ;:aaT yEenadr _ ?ealtiaveT

TIROSsm･es VjsuaJ.andthermal VHRR l･5km　2500km 1970 1979　　Real-"- '〉 ~ Hl.〉ー　　rR radiometer

(USA)

. Visualandthermal AVHRR
NOAA NISeneS m radiometer

(USA)

NIMB US-5

(USA)

NIMB uS-7

(USA)

DA4SP

(USA)

LJZndsat 1 - 5

(USA)

SPOTl,2, 3

(Fm n ce)

ERS-1

(ESA)

JERSll

(ILZPn f7)

passive microwave ESMR
fad iometer

passivemicrowave SMMR
radiometer

passivemicrowave SSM/I
radiometer

VisualandnearIR MSS′

radiometer TM

Visual radiometer HRV

Symthe出c Aperture SAR

Radar

Synthetic Aperture SAR

Radar

time

1 km　　　2500 km 1978 in Real_

operation dme

30km　　2(X氾km 1973 1976　　　Real_

dme

30km　　780km 1978 1987　　　Reaト

time

20-60km 1400km 1987　in　　　　Real_

operation dme

80m　　180km 1972　in　　　　Offline

30 m operation

Ion/　60km　1986　in　　　　Offline

20 m operation

30m lOOkm　1991in　　　　Real_

operation dme

20m　　　8()km　1991 in

operation

TcE MoNLTORLNG BY SATELLrrtS



senso｢S. Ice maps in NSR a一so make

regular use of the image data available

from the 9Ptical instrument AVHRR in
the Amerlcan NOAA-sateHites.

Past and present sate=te instruments

have acquired a large amount of

imqgery that has been archived in

岩aa∵… uaisd.atbae gOnTn;誌,"e,aenX iTdag eS

archived as ice maps. Forthe study of

historicaHce conditions, these data can
be extracted from various archives.

A｢chived data can be used for many

purpos.es, e･g･ for statisticaHce
analysts, scientific research. The quality

and diversity of ice information that can

vbaerFarbOIVei daendd bwyi lF Eceh霊cduTsaepdS ilnS

chapter 4.

31 DescriptioTI Of sateHte
instruments for Ice mOnitoring.

3 I 1 ARVeHsE.Ru.te EvRaandCie.dmVe?eT i g h

Sa te I/ites:

NOAA
SeneS fno.7

ar orbit weather sate=te

.6- 12) andTIROS-N.

PerI'o d:

From October 1978. NOAA-ll and
NOAA-12 are now active.

/nstrum en t ch a ra cten'stics:

Four or five channels in the spectra一

PnasTrdu EoeTtso th5a5vE ttE el fhEIrmSzn昌

channel no.4 "split.■ into two channels:

4 and 5 for improved atmospheric

See萱Ee;sSm蓑oFsnnsisgLrE;apiy;nFTerhaino:S藁Itsf:SugLceTt?u :eh e
use of HRPT requl｢eS Steerable
antennas and gives the most accurate

data･ Channe一 1 and 2 (albedo) a｢e

sFe.nfEeaeiFE:daetsseud5nFg:;i pcaa7riZb;:n:eeTdt4詰a,H:Hae.:三〇
accuracy of 0.2oK. Resolution is 1.1 km
at nadir and swath width is 2500 km.

/ce mapplng:

≡ hmsi買dsba:rckCcLoee:ssdsf言a器eeardp'opalI主hgC等nafnnte:ies訂.たe
concentration althou9h the

concentration is usuaHy estimated

Emoeasanlib:Ssytf;:dgrsetrT与hSajだh:?fC:eJtip:ensc?atn b e
identified such as Large leads, polynyas

and 一arge ice floes. ln periods with

prolonged cloudiness, the time between
repeated imaョes Can be days o｢ weeks.

Severa一 images can be combined to

cover lar9e｢ areas. The ice

concentration accuracy ts weather-

dependent and poorly known･ Lma9e

resolution is the same as for raw data.

Data sources:

1. Digital raw data of albedo and radiant

power. TromsのSate=te Station covers

the western part of NSR a

some archived images on

ncd&rOvides
Sイormat

magnetic medium and by fi一e-transfer.

Selected images are also available from

:E:uhi誌agtPeoe7rnE.dsmAt;aSiro;.reuscstaedndadtdaC:ei:ste:;rsysa3rscoohm

as NERSC.

2. Ha｢dcopy of imaョes.

3. Hardcopy of ice maps.

4･ Digitized ice concentration maps.

3･2 SSMl (Special Sensor Microwave
lmager).

Sa te //ites :

冒 re.f岩:acS T,eLesoboioegrI.Ce:I).S ate l l ite

1cE MoNrTORlNG BY SATELLm:S



Pe rI'o d:

From July 1978. SateHites Flo and Fll

are now active.

Instrum ent cha ra cten'stics:

言.霊znan.%sn (fGo Tnld9量t♀h8e5 aGcazr);cdyu芸も
measured brightness temperatur9 is

about 1 K. The spatial ｢esoJution IS

maximum 20 km and the instrument

scans at a conJ'ca1 500 incidence angle,

with a swath width of 1400 km.

Data transmissI'on:

The swath data are avaHable at Civman
NOAA Oceanog｢aphic Data Distribution
System (CNODDS) in Monterey in USA
forfHe transfer 6 - 8 hours afterthe

sate=te overpass.

/ce mapp/ng:

DaHy coverage of the whoJe Arctic is

available except near land. Resolution

of totaHce concentration is close to 20

km with the use of the 85 GHz channel.
lce edge position can be estimated at

an accuracy of about 10 km･ No good

data within 50 km from Land.

Data sources:

1, 0ffHne data are avaHable on CD-

FEa:d:aan:C:ehided:altlez
Campus Box 449, Univ.of Co一orado,

Bou一der, Colorado 80309 USA, From

1978 18 vofumes have been issued.

The data a｢e avaHable also at NERSC.

Fro.lAr Nbとtq.h慧sssn ｡w an d

ig TusL?V?.)i CCE?.Easd ｡ ,

2. 0斤目ne dataon CD-ROM are a一so

avaHable from NSJDC with daily fHes of
ice concentration 9Stimated by the

NASA algorithnl.

3. On-日ne data-fHes of

swath-data for the fast

∈igaY.r.en 2inEdRAS;ls kSaAsRACROVFearcaiyiOnr Eha?rbTi呂Ts誓S ate …te

two da

CNODass?re ava‖able at

4･ lce concentration maps

for se一ected orbits

estimated with the

NORSEX algorithm are
avaHable from NERSC in
near real-time.

3.3　ERS-1 SAR

(Synthetic Aperture
Radar).

Sa te/II'te :

sEeunrosFnega昌a7eeITtStFE RS1 1 ).

Perio d:

From July 1991. StHHn
operation. ERS-2 W川

rep一ace ERS-1 in January

1995.

]cE MoNTTORING BY SATELUTfS



]nstrum ent cha TaCten'stics:

The SAR is an active microwave C-

fEu;Ira,driz:a諾Rh;'n5fSeAGA7iilaWsStzeh:買th bey

S.og nma.TnsL7sge3r岩iO.k喜fa37 dthae i n cid en ce

aIgtLhe iiss.2.0.l k23.等霊trheep esaTactyhcl e

for ERS-1 varies between 3, 35 and

168 days, whi一e ERS-2wiH be

2iqsee 7%tuAesfraTtB;de?n諸芸Foei.3E5Rdsrayncd e- A

Data transmission:

TSS pr?cesses and distributes SAR
scenes ln.reaトtime in the area west

of approxfmately llOo E which

incJudes the who一e Kara Sea and

the VHki
Facility

REa
140o

byE

(tiksop)oi nS tFraaii triePkSskca.Sv含re

Figure 3. PrincIPle of ERS-1 SAR imaglng of the

eart汀s surface.

t.h.e_9a_qt堅Tn Part Pf N_SR (east.of about

The Laptev Sea is not covered
･1 SAR data. A ground station

fROこsrseiCaeFstipo.nanoi esdAaRn ∃霊. i nc.cveenrt蕊｡

the Laptev Sea.

Ice mapp/ng:

呂蔓Ehuy萱o;anrndFgn7psgSt芸easanlsiaoe:V:dPsg?enFS:毒n9dcA9:iiF等es,FsaR:sei言, ら e

tcE MoNlTORING BY SATELuTES
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/nstrLImen t Cha ra cten'stI'cs:

Active microwaves in C-band channel

～ 5hi 3. dGe冒鶴nh dv aHrTa 冒

to 500 km are plannedwith 20 - 50o

i,necsi.dTeuTiC.en avnagees (fE監41) bThle. hms g e

depending on?pe｢ating mode and
no∫se SuPPreSSIOn. The repeat cycle is

24 days.

/ce mapplng:

The wide swath mode covenng 500 km
wide stripes with 100 m resolution is

pxpected to be very. useful for ｢eguIar

Scuec ㍗ aasp Rneg ,NeSSB.eilhai Ymat ahhgsht Laatlt Xd.ess.

aft ,了hbee "C喜vRi ,eexdCSPtth fno r3thdeayLs? ptev S ea,

4. SateHite ice information and
the importance for navlgation.

4･l Large-sca一e and regIOnaJ

monitorJ-ng

olarization. Severa一

le swath width, up

Monitoring of the whole NSR from the
Barents Seato the Be｢ing Strait is done

呂Y.evTd de ax ab,ysS.詔./tlaP Fctea ･ cT.hnecseent?aattia. ∩
as well as fraction of multiyear早nd

fi｢styea｢ ice. An examp一e of an Ice

concentration map from SSM/I data is
show｢‖n Figure 6.

Regional monito｢ing can also be done
uslng AVHRR images in cloudf｢ee
areas.A一though the NOAA satellites刊y

overthe NSR area severa一 times per

day, good ice images can only be

Z監alnseedd Fnt主rhree?cutaLti;sesp･rEdVuHc冒dR bdyata

Norwegfan MeteorologIcaI Institute,
National Ice Centerin USA, and the lce
Cente｢ in Dikson･ The ice maps

Ueotdeu.cre.?.呂rcS7冒ne.?tTeegiFsn. C｡ ntai n s ea

suげace temperature (Figure. 7). The

忘Ie7e)i Inh昌

extend to about 75o E. The National Fce

bCue.ni完'sd ･TiadPeSd Tnrte.PrreOgqS nc誓#eb aI Iy,

axeasT.pi eJi rkfEi思u.Se. 8S;rha?.Ts th e " S R

maps are issued once per

100E　　　　　　　120E　　　　　140E　　　　　　　160E

Figリre 6･ Ice concentration map based on SSM/l data f｢om a sumり1erSituation with

min)mum ice extent. This map is from August 15 1988 and shows ISOlines for30, 50, 70
and 90 % totaHrce concentration.
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SOUTHERN ICE LIMrT

NAVAL POLAR OCEANOGRAPHY CENTER. SUrrLAND

C -　TolahcモCOTICenlraUon in the area in tenths.

Ca- Cb･ cc - ConCeLIIral･orL ot Ih-LCkesL (Ca)･ second thlCkesHCd. and thErd lh'H:kesl (CcHcc･

Sat St'Sc - Slagモ0( deyelopmenl 0日hickBSt (S.31. Second lhICke5HSb). ard桝rdlh;CkeSl

(Sc)ice
-で- ConceLllralron once wlthln area(S) of stlIPS and patches.

STAGES OF D∈VELOPIJENT (THICKNESS):

1 l NeW'H:a (0-lO crn)

3 - Youq ice (10-30cm)
6 I First year (3012OO cr77)

7 - Flrst･year thin (30-70 cm】

10 - Firsl･yeaT mediurTt (70-12O cTn)

40 - FLrSt-year thN=k (1201200 cTn)

70 - 0kl rce LSULYiyed at leasl on8 SLrrnLTler's rnelt)

- F･如･ (S･ik･thd 7cm】･Jd,-血仙-n･ -･

[=コT,h,::'nL霊',tch,ETbn三三,Cfor:si"m霊907諾tsmibid還d霊rzing dqr-'叫

kJ bour血ry ob～･TJd yl～UI吋or by沌■tEIJ.

~　-　　k4 bout)dzrr一丸lrrI31d.

Figure 8･ Example of ice map of the eastem Arctic forJune 5, 1991, produced 4･2

by the National Ice Center (formerly Navy-NOAA Joint Lce Center and Naval

Po一ar Oceanography Center) in USA using AVHRR and SSM/I data.
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4.2 Detai一ed monitoring ln seJected

areaS.

DetaHed ice maps of smaller areas can

be made from highィesotut70n optical

sensors, such as LandsatTM and
SPOT HRV. However, these data are
一imited by c一ouds and are not ava‖able

in real-time･ Therefore, they cannot be

呂…?ad IRrhreag,uelsag - TtP.nnitS鵠mAVaFeR R

avaiJable in real-tim.e and can also be

uesqeiXlefAreinctef.m,adPePtini Pe禁nefS rtReati ｡ n i s

一ess.

Figure 9. SAR image from ERS-1 Obtained on August 16 1991 showlng dense packice

along the Siberian coast and the track from a Russian icebreaker･ SAR images show

detailed ice information such as leads of thin ice a一ong the coast and large individual first-

yearfloes. A series of such images were transmitted bytelefaxto the French polar vessel
L'Astrolabe which sailed th｢ough the NSR from Eu｢ope to Japan in August 1991. The

enlarged area is a fu‖-resolution image which shows some more details, but is blurred due

to the high-f｢equency speck一e noise-



The most important data for detailed

monitorin9 0f sma一ler areas are the

.ERS-1 SAR.咋ages (Fig･ 9_)･.These

qehnedyecnat no fb Ce l 0.ubfa;nnedd
images are inde

liqht conditions.

盟

Lnetse.Tu%ans (sp?xoeY ns i Te Fd ･.

ng 100 km wide s-tripes at three day

5. AtfuIl
6X20m) the

image is blurred due to radar spetkle

noise･Therefore these image.s are.

;shueayJ 'pyr喜ごFdrea?nefd.霊t?.onma bPixu; 'i CSZ e ･

types, ic? concentration, ice edge

posJ'tion, Ice motion shear zones, f一oe

size and 一eads.

5. Demonstration of SAR ice
monitoring.

5.1 The L'Astrolabe demonstration.

gnf皇Eiu_St, ih9e9 lF,Sehnocnhryp言Faerrvtehsesfer n ch

禁gt.rstadb岩ysだgbdrFarkOeur望.h ihhee"pSauRe rn ｡f

the SAR coverage is shown in Fig. 5,
but onl

used,

the ESA Groundstation in Kiruna and
ana一ysed by an ice specialist fron7

NERSC. Both the image hardcopleS
and the interpreted ice rnaps were

telefaxed to the ship uslng the lnmarsat

communication (ink.

t謹See]ts諾r芽等Enb:eedftnoieg:n:fT:ae:a%aste:g:ne:?igcSltentgh e

冒

Weei点sacgeensdinegrep adS.SwenS, iTkeered at

ossible. ln this experiment it varied

Exetwe?,emneま詣?s Tmdel h8ahsobu:Se･nI n,嘉tuecre d

to2-3 hours.

The segmentation of SAR images into
areas of water and ice, and the

主n.t ed T%怒nti 7cneotfytphees baancdk?ccea7grrms!gLaals

done forthe firsttime w汁h ERS-1 SAR

images･ SSM/I ice concentration maps
were used to p一an acquisition of the

SAR imaョes.

5･2 The Sovetsky Soyuz
demonstration.

暮n November 1993, the icebreaker

…uo,Yne;s akyn SexoぎE zd i trie.CneiiX qhd eSKAaR,imsaega?s

The images were ordered in near-real

time from TSS and ana一yzed at NERSC.

Erheo琵琶eeaenrPk Sc:e Ee器.iSe?eTaa:n;dg;i冨eaFmt:shgee s
were telefaxed to the ship and to the

MOH in Dikson.

The response from the captain onboard

the icebreaker was generalty positive.

The qua一ity of the im早ge.S Was reduced

by the telefax t｢ansmlSS10n. But the
information in the images was st‖

useful because different ice types such

?s landfast ice, leads and thin firstyear
Ice COuld be identified. (n one case, the

FnafBirnmgart?.uiei nW.ahSe CshAaRgiemdabgae?eAdn o n th e
examp一e of a SAR image sentto

Sovetsky Soyuz is shown in Fig. 10.

5.3 Experience from the
demonstrations

The experience from the SAR ice
monitoring demonstrations so far can

be summarized as foIIows:

flo)

better than anticipated. Most of the
Northern Sea Route is within range of

The us早 0f lnmarsat communication

r transmlssion by telefax functioned

Lyf
Inmarsat. On

喜ueta.TZasnoguet.dff EaRng_e.･ fT.h, isb.a.rhe.ah忘s also

Tromsβ and the Alaska ground station.

2) The quality c!f the SAR images sent
on te(efax was ln some Cases rather

FnsosiopFurFydginSg違innh30wgs:;:i5a:as:ef?ee:a7ge蔓tga婆e:e.S7 '
reproduced onboard the ship. However,
t,h. eutieT a.%;asi Feodmdtuhr;n eg atshtee TEsT.?afbteh e

an area in the Laptev

tcE MoNITORING BY SATELuTES





data acquisition. lt is a一so important for

the ship to ｢eceive the updated SAR

schedule fo｢the nextト7 days sothe

captain knows where SAR-data w‖ be

avaHable and can use this to plan the

ship track.

5.4　The use of fulトresolution SAR

images.

Duetothespeckle - noise which is an
inherent property of fullィeso山tion SAR

imagery, the effective spatial resolution

is Less than the.nominal plFel size of 16

.bhye2S2 ･rm･agTehse iSsZ %nwa,l -ton-,;oisbe. urPti? ionr
c?nt｢ast, ave｢a9ed images with 1 00 m

plxeIs have a slgnaトto-noise ratio of

about 12, which makes these images

rTluCh more suitable fo｢ the general ice

LT:aiSpLniFd; nb.yrmSOa:gdRee rEu so:beineaecvtf:t garghTg : e f u I I
Contrast compared to its surroundings.

Such objects can be a Jargeship, aship
track in the ice, leads and welトdefined

ice/water boundaries. This means that
fcuiとgess,oJstJ ･?dne I iTea?nefS.霊y. i TnsE憩S

.not also included in the low-resolution
JmageS･ A comparison. of fu一l-resolution

wmiihd三号ro. mm E3gs.otTiohnel Tsaeg e.fCfauT._b e

resofution images is also more

fC.OrTiFeufFarndsemTsasni g Ln e.asnhqpns?t p ractica-

515 The detection limit of drifting Ice

by SAR.

Based on sateHite data dri付ng sea ice

pan be quantified as concentration of
Ice Within a unit area or as floe

statistics. Both quantifications have

limits of detectability. One 一imitation is

the high variabHity of the contrast

between the ice and the water.

Backscatter from water can be both

boawcekri cnaeuaerIyf re.qmu款eoS r%?nhge Tcteh ,a n

depending heavily on wind conditions.
The ice itself also has varylng

tbyapceksacnadnseur ieavceel sc.d ap,e.ns?.tin.gn.0 n i c e

Ice concentration of30% and more is
readi一y detectab一e in most cases.

lndividual floes of more than about 300

m in horizontal dimension can be

observed in SAR images when the
concentration is moderate or low. At
high concentration (90 - 100 %)
individual floes can be difficult to identify

even if they are mo｢ethan 1 km Jar

The most useful observation in the !eA R
images is the identification of muJtiyear

f一oes in contrast to firstyear ice, and the

identification of thin ice or newfrozen

ice. Unfavorable conditions for ice

classification often occur in the summer

and fall seasons when there is wet

snow and me一t ponds on top of the ice.

6. Data communication

A critical part of a near-reaトtime. ic?

monitoring service is the transmlsslOn Of

t.hneb霊習essh iOp; llnaRsatrS i.h_eA us;ae.7S. ns with

s.en 冒 S raa,tde ttheie,pehcoeTvVgnsdhtiepLsefh%rFbeeS e n

used in the demonstration p

trans坤ss!io.n of_a o_ne-page

;'Fyakag
∋d the

;oAeRCtiSh aTghee
ne%Evatr Fy tpa.k.e F q3u-a aymiT YAees{AhRe

r teTefax transmission

Bendbu.Caerdd tthh ee FcoesbS,iebE Fe rfoI PetreerH.
UTdaugceg

‡H≡ ･rss訟rge葦

retati on

｢e,

interpreted ice maps were a一so

transmitted by telefax, but the fine

image details were not inc一uded in these

maPS･

FHe transmission uslng mOdem with the

lnmarsat telephone Line was tested as

an alternative method. The user

oNnEbROsa Bd, t.h.eg ssだpacnadf ltsrihn …fCe?sm.E uet謁e

I The t｢ansfer｢ed image

reduced by compression
techniques, so the size of one fi一e is

IK paFA'iyr i ln OeOc-. aOmO ukn?cyta%･.rLi Snec7EdeiCntge d
data transmission, wH improve and

lcE MoNrTORlNG BY SATELuTES



become 一ess expensive in the next few

yearsI Thus, the transmission of SAR

i:ramgaet予wq ,leEeerca.bkei na crs Tt Pnree s.speed,at i ｡ n.

7t Conc山sion and future

prospects.

The resu一ts of the feasibHity stuqy show

thaHhere are severa一 non-Russlan

sateHite systems which can pr.ovide

usefu一 information on the sea JCe

conditions in the NSR. The satemte
systems are coTIP[e町entary tO each

gSnhsgetiIEdheaeiaps,apSesoc:eer.Th:e: rfaYsa:V-:SccSaqteaa n d
concentration and extent, wh‖e the SAR

data a｢e usefu一 for detaHed nlaPPln9 0f

恕Fs cehsasnegn忘Sa-i 7.iFFce
pes and
lions, wh

tEIce

COn

navigation. VJ'sual and infrared sate=te

data can be a useful supplement on

cJoudf｢ee days.

The demonstrations have shown that
there are both advantages and

d?slfta:sEFveSsnEsaa%ebps;nshOgtcta.HTe:bhPneerearcsdseevenagtndfF;a;gsea;nlda re :

;'C:ecaaiinezge t:heri:cdfnsbteuhFgn;C;e: EIcp.e:,sc(gunsdA崇Sdt
light conditions, and (3) SAR images

are available in near real-time. The
disadvantages are:

of the

Cases

gene｢三二享‡

eS Can tl
) the interpretation
e difficult in some

tection of ridges is

feasible, (3) the quaHty of

the im早ge.S is reduced by telefax

tnr.a.n ss umiFcSg?nnt ･ fg P Fe(g4j I Tr emc.onl.e.r告ng ge. I S

However, the SAR coverage wHl be
J'mproved when RADARSAT is in

soEea講t黒目㌔nble9a9V5i i.UaE. te7 5oh?ckhmm%dnes

that most of the NSR w川be covered

every third day.

The 一aunch of both RADARSAT and

ERS-2 in 1995 will ensure continuous

2%eRr PhVaati 'saebir崇oLt.hree nseAXtR 3Sまt4e.¥.eeasrs I

昌;eatだ宍nX i7. dJehreat:r2cmqsu7S票ia.tne 'Tned

S irsO.宗ebSui!崇f.i c.ilig edSaftoarJ.e *tBAeD A ｡ S A,

in addition to ERS-2･ 1n the eastem part

soとnec e"ssf.R,?hSeFfTtiLf,冒 rgvi?ResSi.諾,i,'iq:S.

Depending on available funding, Russia
is scheduled to launch the AJmaz-lB
radar satellite in 1996 and therea托erthe

A】maz-2, both of which w‖ be equtpped

with SAR.

European, Candian and Am.erican
tsea%汀i霊sgXRa nd dateaxH.7 rieean Te.訂Te豊igz i n g

monitoring should be included and

implemented as争Part Ofthe

operationa=∃ussFan Sea ice monitoring

and forecasting service in the NSR.
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