
BulletinofGlacier Research12（1994）95j掴  
（9DataCenterforGlacierResearch，JapaneseSocietyofSnowandIce  

95  

MonitoringgroundsurfaceconditjononTibetan Plateau byusingsatel［ite remotesensjng   

TosioKOIKE，KatsLJmOtOSEKO－，CHENXianzhang．TakeoTADONO，KatsunoriTAMAGAWA・，  
HiroshilGARASHlland HidekiTAKIZAWA5  
1Naga（）katJniversityofTecbno璽ogy，Nagaoka940－21Japan  
2InstituteofHydrospheric－AtmosphericScience，NagoyaUniversity，Nagoya464NOIJapan  
3Lanzhou‡nstituteofGlaciologyandGeocryology，Lanzhou，China  
4InstituteofGeoscience，UniversityofTsuknba，Tsukuba305Japan  
5TokyoUniversityofAgricultureandTechnology，Fuchu183Japan  

（ReceivedMay6，1994；RevisedmanuscriptreceivedAugust18，1994）  

Åbstract  

DuetodynamicbehaviorofthecryosphericparametersonTibetanPlateau，efficientmonitoring  
ispossibleonlybyuslngSatelliteremotesensing．Themethodsforderivinginformationonsnowand  
ice，Clouds，Vegetationandsoilwetnessfromsatellitedata arepresentedandtheirapplicabilityis  
investigatedinthispaper．CIoudandsnowareclassifiedbychanne13and4dataofNOAAAVHRR，  
andthevegetationindexiscalctllatedusingchanne11and2．TheLandsatTMimageshowsthefirn  
line，theacctlmulationareaandthebareicewiththeurldulatingtopographyontheglacierandthe  
activity of vegetation．Threeimages ofJERSLISAR are used for clas＄ifying the corlditions of  
grotlndslユdacea11dgiacieranddetecti11gtlleirseasonalchanges．Snowdepositandmeitingonthe  
gまacierandtbetemporalandspatialdisとributionofsoilwetnessareobtained．Tbe餅Oundsurねce  
COnditionsintheplateauscaleareclassifiedbytlSingSSMlIdata．Thedrysnowandverywetareas  
OnJanuaryandJuneareidentifiedbythediscrepancybetweentheSSM／Ibrightnesstemperaturesat  
19GHz aIld37Grlz．  

1．1ntrodu亡tion  

TheenergyandwatercycleonTibetanPlateau  
has been sugge＄ted to play an essentialrolein the  
Asian Monsoon system and to affect the global cli- 
mate．On the other hand，the heat budget and  
hydrologicalprocessesontheplateauarealso sensi－  
tively controlled by the ground surface conditions．  
Thereislarge spatialand temporaldiversity of  
ground surface conditions，i．e．lowvegetateddry or  
WetSurfacewithpermafrost，SnOWCOVer，glacier，lake  
Water Surface eic．However，there are only a few  
ground observationalstations on Tibetan Plateau．  
Efficient monitoringin the plateau sealeis possible  
Only by uslng Satellite remote sensing methods．  
TIlereforeitisindi＄pe‡1Sabietoestab王ishtbesateilite－  
based observationaisystemsin order toinvestigate  
t壬Ieer主ergyandwatercycleonTibetanPiateall，Tbe  

arealextentandwaterequivalentofsnowandiceare  
the essential information for understanding the 
hydrologicalcycleonTibetanPlateau，Theclimatic  
distributionofcloudsdeterminesthesurfaceradiative  
heatbalance．Vegetationin theperiglacialenviron－  
mentis a controlling factor of hydrologicalcycle．  
Thedistributionofvegetationisanindexofon－gOing  
Climatic change anditis possibly relatedwith the  
activityofpermafro＄t．Grour）dqbasedandsatellite－  
basedobservaionswereconductedonTibetanPlateau  
fordevelopingalgorithmsforthecryosphericparame－  
tersandevaluatingtheirapplicability．   

2．MeasurementofspectrumaJbedo  

Spectrum aibedo of gro11rld slⅣねcesi‡1Ciudir主g  
giacier wereIneaSured 主n tbeinterlSiveiy stud主ed  
periodoccasio‡1aily．う野ebavetriedtogetsimultane－   
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SeVeraltimesirl払eintensivestudyperiod．Albedo  
SpeCtra Ont圭Iegiacierweremeasured andshownin  
Seko etaL（199姐 Thespectraareaffectedbysev－  
eralmetamorphosingprocessfromnewsnowtogran・  
ular snow andimpurities．Reduction of albedoin  
near－infrared reglOnis caused by the variation of  
grainsizearldoneinsllOrterⅥraVelengtble＄thar1600  
〆mSbowstbeef鎚ctofi汀Ipuritiesmair11ycomposedt〉y  
mineraldust．Spectrala王bedoonvegetatedgrounds  
WaSmeaSuredseveraltimesinTanggulamountain＄aS  
Shownin Figエ where continuous meteoroIogical  
ObservationbasbeencarriedoutfromJⅥnetOSeptem－  
ber．1993（OhこIta t：／（I［．．199ヰ）．Figures2aand3bshow  
tbealbedospectraof洩egroundsurfaceatl好etland  
and DlO5respectively．The surfaceis covered by  
Short grass．The density ofvegetationishigherin  
WetlandthaninDlO5．Thereisadistinctchangeof  
SpeCtrum．On16June，grOundsl甘facewascovered  
byyeilowgrasswbicbisinprematlユreStageOfpiant  
grow坤．On25Juiy，tbecく）lorof血e長汀aSStumedinto  
briiliantgreen．Correspondingtothechangedcoまor  
Ofleaves，WeCannOticeanapparentabsorpt圭onnear  
670ガm（byCbloropbyi王）andgreatcontrastbetween  
the strol唱absorpti〔一nこInd high refleぐti＼Tityin near  
infraredreglOn．   

乱Examplesof＄ateltiteimages   

且J．ⅣOAA Alノー〃据尺  
We should discriminate high reflectance ob3ect  

Sl靂Cbascloudsorsnovarldicefromotbers11rねcesby  
usi喝Si喝1echannelalbedoonCbl（channeト1；0，6－  
0．7pm）．Then，CryOSphere andclotldcanbedistin－  
guishedbyusingmid一重nfraredcbannei（cbanneト3；3．  
（ト3．9JLm）．Low albedし一SurfacLeS are analyze（1by  
using Norlnalizedl〕iffereTltiこIIVegetationlndex  
（NDVI）andthermalinfraredbrightnesstemperature  
（Tb）onCh4（channel－4；10．5－11．5〟m）．Classifica－  
tionofcloudandsnowisdifficultonlybyusingsingle  
Channelalbedo or brightness temperature．In mid  
winfraredcbannel，reflectionfromcloudsisgenera‡ly  
hight・rthallthatfromsnowandicpbet：auSeitss111aller  
grainsize、OficeparticlesこOnSistingclouds．Bytak－  
ing払edifねrenceofTbonCb3fromTboTICb4，We  
Candistinguisb clot王dsfromsnow eveniぎ也ey have  
Widerangesoftemperature．NDV‡isこalclユIatedby  
using Chland Chコ（neilri！1frared．0．71・・・・・1．1JJm）as  
foi王ows：  

OuS grOund truth corresponding t（）Saモeilite opticai  
SeIISOrS．Å1thougb aiiもriais wereirlVain due とO  
Clouds，SeaSOnalchange of spectralrefiectance of  
ground surface was obtained andit willbe usedas  
basic data for future remote senslng Studiesinthis  
region．Instrument uSedin this studyis’Personal  
SpeCtr’OmeterIrmanufacturedbyAnalyticalSpectral  
DevicesIncりWbichca‡1meaSureSpeCtralaibedofrom  
380βm tOlO80ダm Withl，38βminterval．1好bite  
reference board was u＄ed for the measurement．  
Ålbedo spectra of snow andice on the glacier and  
Vegetatedgrolユndinpermafrosとareaweremeasured  

Fig．1．Studyareaandcoveragesoぎsate王iite（重aとa．  

Cゐ2－Cゐ1  
（1）   ∧・丁）l7 一   C優＋CゐJ  
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b）July，25，1993  

Fig．2．Albe（‡ospectrameasⅥredatDlO5（ratheraridsurfaceきandl好etlandくverywet  
Surねce）measuredon；  
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Figures3aand3bshowimagesinl．1kmmesh  
AVHRR data retrieving albedoin Chland NDVI．  
ThecoverageofstudyareaisshowninFig．1．Inthe  
visibleimageofFig．3a，distributionofcryosphereis  
clearlyseen．VegetationindexontheplateauofFig．  
3brepresentwidevarietyofsurfaceconditiondueto  
theannualprecipitationamountranging20rdersof  
magnitudefromseveralthousandsmi11imeterin the  
south，WeSternpartOftheplateautoafewtensofmm  
innorth－WeSternpart．  

3．2エα乃ゐαf m  
Figures4a and4b show theimages of Landsat  

TMinsinglechannelalbedo（channel－2；0．52－0．6JLm）  
andnormalizedvegetationindexencompassingMid－  
dledrainageareaasshowninFig．1（Ohtaetal．，1994），  
respectively．The coverage of LANDSAT TM  

imageis expressedin Fig．1．Firnlineis clearly  
revealedbytheapparentdifferenceinalbedo．CCT  
COunt，Whichcorrespondsto refrectivity，in the four  
Channels from visible to near－infrared and spectral  
ratioofeachchanneltoChlalongaflowlineofTI  
GlacierareshowninFig．5aandFig．5b，reSpeCtively．  
Spectralratio between visible and near－infrared  
regionisagoodindicatorofsurfaceconditionssuch  
assnoworice．Anapparentchangeinthespectral  
ratioisseenat3600manditclearlyshowsfirnlinein  
thewinter，1990，Whilefluctuationsinthereflectivity  
existin each channelinthe accumulation area as－  
SOCiatedwiththeundulating topography on thegla－  

a）albedoinchannel－1  

a）albedoinchannel－1  

b）normalizedvegetationindexin Landsat TM；the  
definitionofNDVIin LandsatTMisdescribedin the  
text．  

Fig．4．LandsatTMimagestakenonJan．20，1990．   

b）normalizeddifferntialvegetationindex（NDVI）using  
channel－1and－20f NOAA AVHRR  

Fig．3．NOAAAVHRRimagestakenonNov．20，1990．  



Koike（Z′αJ．  

β  即β  J2β¢  柑ββ  2イβロ  3βββ  3即8  イ28β  イβββ  朗ββ  
dfsf∂nCe（m）  

Cわ2  cわg  ¢局  

a）CCTcountineachchannelfromch－1toch－4  

決
0
こ
巴
、
巴
－
0
¢
詠
 
 

川β  

β〃8  J2ββ  柑ββ  2イ8β  3βββ  3郎β  42ββ  4即β  封ββ  
d′s†∂nCe（仰）  

Cわ2／cJIJ ¢h3／¢わJ d両／¢わJ  

b）spectralratiobetweeneachchannel  

Fig．5．ProfileofCCT count ofreflectancefrom a glacier surface（Tlglacier）in  
LandsatTM．X－aXismeansthedistancefromthetopoftheglacier．   
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Cゐ4】Cゐ2  V7＝   12）  C如十  □aCCu皿Ulation area  
△ablation area  While；lCtivity of vegetation wasIowin wi11ter  

When払is主magewa＄taken，thereisremarkablevaria－  
tionofvegetationindexinthisarea．Itislocatedin  
thevalleyattheeastsideofglacierswherethevalue  
Ofvegetationindexisvery higb▲In Dor癖emad豊Ii  
Valley，thereareseveralareasⅥrbereもヴvalueisvery  
high. The distribution of vegetation is possibIy 
COntrOlledbyprecipぬtionand／orpermafrost．Totai  
StばnmerpreCipitationamount atGlacier Camp（5500  
m）isestimatedtobenearl〉▼1．4timesofthatatBase  
Camp（5D60m）（Uenoggβ£，1994）．Differenceofpre－  
Cipitationbetweeneachvaileydoesnotseemtobeso  
glleattocausestlChvariet）・OfsurfileeCOndition．Itis  
COnSideredthatthedistributionofvegetated areais  
COntrOlledbysoilmoisturecontentanditisprobably  
relatedwiththebehaviorofactivelayerofpermafrost  
（YabしIki（イ（ブ／．，1即嘲．  

ユ3月昭一j5A忍  
Phorol．1Vhichcorrespondstotheareaasshown  

inぎig．1，SboⅥ7StbeprocessedJERS－1SÅRimagein  
Tanggulamountains・Thespeckユenoiseoftheorigi欄  
na主imagesaree王iminatedbylユSingtheiowpassfilter．  
BotllimagesonJanuaryandMayarビOVerlaidonthe  
Åugust one using3－dimensionaiAだine transforma－  
tionandthenearestneighborinterpolation．Surface  
conditions are identified based on the Landsat TM 
inlageandthefieldobsen・こItion．Thebluearea．：Orre・  
SPOnds［otheact：umulationareaoftheglacier．The  
ye1lowandredareaisverywetinsumrnerandvery  
rougbwithea托hbammock．Figures6aand6bsbow  
CCTcountsonJanuaryandÅugust，19930nag王acier  
and snow一打ee region．CCT（：Ount Of SAR corre・  
SpOndstothemagnitudeofthebackscatteringcoeffト  
Cient．OrltbeⅥpper part Of tbe glacier the CCT  
COuntSinwinrerarenluCh】argerthaninsummer．It  
isconsideredtobetheeffectofvolumescatteringof  
Winterdrysnowontheglacier．CCTcounts ofthe  
WetandroughsurfacearelargertbanoTleSOfthedry  
andfhtsurfaceonbothmonthsIThegroundsurface  
isperfectlyfrozenanddryinwinter．Thediscrep－  
ancy between the CCT counts on two stlrfacesin  
＼＼7illterWOuldbecこIuSedfromttleSurfaeeroughnessof  
ear也bammock，‡nsummer tbe suぬce ofpermか  
frostbecomesmeltingandsoilmoistureincreasesin  
bothareaL Thatiswh）・AugustCCTcountsinboth  
area主sねigわertbanJanuaryCCTcounts．胃owever，  
the surface coverd with earth hammockis much   
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Jan CCT count  

a）Onaglacier．  

0 5001000150020002500300035004000  
Jan CCT count  

b〉Onsnow－た詑region．  

F室g．6．CCTco11ntSOnぬevariousslユ㌻ねceo萄J還nuaryand   
Å墨guSt童nJERS仙ユSAR．  

Ciers・‡tisinterestirigfromaclimatotogicalpointof  
Viewぬatbareicei＄eXpOSedeveninwinter紀aSOn▲  
Albedoineachchannelon the ablationarea further  
than3600misabotltha洋ofthatontheaccumulation  
area，Figure4bsbowsthedistribtltionofvegetation  
index jncludjng middie drainage are乱 Vegetation  
indexinLandsatTMdatawerecalculatedbyusing  
COuntnumberinvisiblewave！ength（cbanneト2；0．  
5：－LO・6pnl）andnビar－irlfrLlredwa＼・でIength（L：hanneトJ  
；0．76鵬0．9JLm）asfo1lows；  
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WetterirlSummer払an払eother．Thediscrepancyof  
CCT counts of two sl汀ねce co‡1ditionsin summer  
円叩reSSeS the coupled effビt：t Of soiltllOisture；lnd  
Surねcerougbne盛．  

王tisinterestingtonotethatbackscatteringeoeffi－  
CientofSARimageinslユmmerShoⅥrSSimi王ardistribu・  
tiontothatofthevegetationindex．Afutureprob山  
1emistoinvestigatetherelationshipbetweenvegeta－  
tiononthegroundsurfaceandsub山Surfacecond出on  
including soilmoisture affected by permafrost by  
usingmtliti－SerlSOrSindiだere王1tⅥraVelength．   

、？．尋上〕几J5P SS凡才ノ／J  
T壬1e anntはISSM／‡data setⅥraS deveioped by  

using every5daysraw datain1989．Tbe original  
datawasgeome七日callycorrectedandresampledtolO  
bylOkmpixels．Tbeva主uesofthebrightileSStelⅥ－  
peratureⅥrere aVeraged at tbe overlaid pixels wi払  
moretbantwo orbitaldata．  
Fi酢IreS7aand7bshowthespatia王arldseasonal  

distributionoftbebrigbtnesstemperature at19G‡iz  
and3TGHzこIIong thelongitude91degree east fron1  
lowerlatitudetobigberlatitudeonJanuaryandJune，  
代SpeCtively．E】evationdistributionalo喝払elineis  
Sbownin Fig．7c．Tbereis tbeまa‡嘗eSt discrepancy  
betⅥreen 仇e bri宮地ne＄S temperatl汀eS at tWO fre・  
quenciesaroundHimaiayaregionatabout28degree  
no血orりanlユary．Ⅵre（：anfindsmallerdiscrepancy  
いVerthビTibetallPlateau．Figure8showsthemicro－  
WaVeemissivityofsnowateachfrequency（Rott，1987）．  
Theemissivity ofdrysnowissimi1ar to one of the  
SnOW鵬freesurfaceatthelowfrequency．Ontheother  
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PhotoIJERS－1SARimagesinTangglamountains．  

Photo2 ClassificationofthegroundsurfaceconditionsbyusingtheSSM／Idataon   
JanuaryandJune，19a9．（yellow：drysnowcoveredregionbothonJanu？ryand  
OnJune，pink：SnOWCOVeredregiononJanuaryandsnow－freeonJune，blue：Wet   
re威OnOmJune）．   
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ba王1d the former becomeslower than tllelatter at  
higher frequency because of the volume scattering．  
Therefore，thediscrepanciesasshowninFig．7amean  
thattheareaiscoveredwithdrysnow．Futhermore，  
the magnitude of discrepancy corresponds to the  
WaterequlValentofdrysnow．AIsoweneedtotake  
into account of the effect of snovv particle size on 
VOlumescattering．OnJunethediscrepancyaround  
HimalayamountainsdisappearsasshowninFig．7b．  
1Ⅳecanfi‡1dthesigna王ofdrysllOVinthecentraland  
110r【hern par－t of TibetaIll）latビau．On the southern  
PartOfTibetanPlateatlfrorn31to32degreenorth，  
therelationshipbecomesopposite，i．e．thebrightness  
temperatureat37GHzislarger than one at19GHz．  
It shows that the surface condition of this area  
becomesverywetbymeltingsnoworpermafrostwith  
StrOng SOlar radiation or by the effect of monsoon  
precipitation，SCincethelowerfrequencyismoresensi－  
tive to surface soilmoisture．Photo 2 shows the  
result of classification ofthe ground surface condi－  
tionsbyusingthedata onJanuary andJunein the  
regioIlaSShownin Fig，1，T壬1e yeilow area corre－  
SpOndstothedrysnowcoveredregionl）OthonJanu－  
ary andJune．Pink color shows the area whichis  
COVeredwithdrysnowonJanuaryandsnow－freeon  
June，BlueareaiswetregiononJune，Wecanfind  
SOmeWetregionsonTibetanPlateau．   

4．U＄eOfremotesensingonTibetanPIatea  

Thecryosphericparameterson TibetanPlateau  
areTleededtobemonitoredbysateiliteremotesens－  
1ng．Thec王assificationofsnow andice，Cioudsa‡1d  
thevarioustypesofsnoⅥ卜たeegrollndsurfaceswas  
madebymulti－SpeCtralanalysesoftheopticalsensors  
SuCh as NOAA AVHRR and LANDSAT TM．  
Furthermore，thesurfaceconditionsofthegroundand  
glacierwereobservedbythemicrowavesensorssuch  
asJERS，1SAR and DMSP SSM／Ⅰ．Microwave  
tcchniquesofferimportant advantagesfor mapping  
thegroundsurfaceinthecryosphere．Oneistheall  
Weathercapabilityandtheotheristhepossibilityto  
deteetsoilwetnessandsnowwatereqljlValent．  
NOÅAAVHRRdatacanprovideimagesoftbe  

WhoiepartofTibetanP王ateau．1．1kmofresolutionof  
AVHRRisenoughtodiscri】¶inatevailey－ridgetopog－  
rapby on tile plateau．1好e can detect ciouds，SnOW  
covered area including glaciers and vegetation by 
uslngmulti－SpeCtralinformationofAVHRR．  

Highspatialresolutionimage＄SuCh as Landsat   

TM，andMOSIMESSRareusefulformappingheter－  
OgeneOuS grOund surfacein theintensively studied  
drainageareaofCryosphere Research onQingzang  
Plateau（CREQ）．The spectralinformation of these  
SenSOrSCanbeutilizedformanypurposesasfollows，  
On a glacier，its area，firnline and albedo can be  
detected．UsingthermalinfraredchannelofLandsat  
TM，We Can derivesurface temperature ofglaciers  
and grotlnd．In perigiacialarea，nearinfrared re－  
fiectarlCeisavailabieformappingvegetation，permal  
育ost and stlrねce s（きilmこ鹿tl汀e，Ⅰ雨erpretation of  
SÅRimages rieeds tIlein払mationたomtbe visible  
andnearinfraredchanneis．Usageofthehighspatial  
resolutionopticalsensorsisgeneral1ylimiteddueto  
Cloud，eSpeCiallyinmonsoonseason．  

Thesyntheticapertureradarswhicharemounted  
OnSatellitessuch astheERS－1and theJERSγ1are  
expected to observe the surface hydrologlCalcondi－  
tionsindetail．Thisstudyfocusesonthesoilmois－  
ture，SnOW and snowイree and surface roughness．  
Theわack scatteringcoefficientmeasuredbymicroI  
WaVeSenSOrSisaffected‡10tOnlybysoiimoistureand  
SnOWbutalsotheotherねctorssucbaspolarization，  
incidentangle，SenSOr’sfreqtienCy，Surfaceroughness，  
SOilcomposition etc．．For ciassifying the surface  
COnditionanddetectingitsseasonalchange，itiscon－  
SideredtobeeffectivetooverlayseveralSARimages  
together．  

SSM／Ihasthewideobservationalswathandthe  
Shortrecurrenceperiodandovercomestheproblems  
Of polarizationmixing and anterlna SideJobe．We  
Canidentifythedrys王10ⅥFareaandtheveryⅥretarea  
using払e（iiscrepancybetw詑ntheSSM／‡brightness  
temperaturesat19G壬izand37GIizbasedorlthecbar－  
acteristicsofvoiumescatteringandsurねcescatering，  
respectively．   
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