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A"tmctRemo[ly-sensedimagesoftheEarthprovideavaluablesourceofmfbrmation

concemmgthenamreandvariabnityofthelandandseasurfacesoftheworld.Smcethese

imagesareavailablemdig血lfbrm,itisnaturaltouseacomputertoprocessanddisplaythem.

ThisarticleproNidesanmtroductoryandcomprehensiwreviewofremotesensingtechniquesto

smdyoffbrestmonitoring.Inmanycases,realimagestakenfromasateUifandahelicoprr

areusedtoillustrateprocessingconcepts.

1．IIItroduction

ThefirsthumanjourneytothesuIfaceoftheMoonbepnatKennedySpaceCenter,

FloridawiththeliftoffofApollollonaSatumVboosteronl6Julyl969｡OnJuly20,

1969,afterafburdaytrip,theApolloastronautsarrivedattheMoon.PiCturesoftheearth

takenfromthemoonshoweduShowuniqueandbeautifillourplanetwasandhowfiagileand

aloneitlookedmspace(').

Forestscoverlargeareas

oftheglOballandsurface.

Forestscontributetothe

fimdamentalecological

processesWhichkeepthe

planetmastateofequilibrium.

Destructionofthefbrestswilllead

tocriticaldamaFsuchas

deteriorationofwatersheds,

mcreasederosion,uncomrolled

runofffloodmgandpossible

subsequentdroujltmthelowlands

anddepletionofcrops.Treesalso

removecarbondio]dde(animportant

geenhousems)ffomtheairmthe

processofphotosynthesis｡

Humansafrectfbrestsatmanvsc:atmanyscales:finmregionaltogloballevel｡
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Managementof



fbrestedlandsisimportant.

Remotesensmgisausefilltoolfbrobtainingdataoverlar"areas｡Anditalsoprovides

suracedataConsistemlyandrepeatedly.However,thmeareproblemsmmethodolog/and

accuracytoovercomefbrthetechniquetObeutilizedsuccessfillly｡Therefbre,gfound

surveyingdataarestiUnecessarywhenapplyingremotesensmgtecmiques.

2.RoleofForest

Forestsareareaswheretreesarethedon血antve"tationForestshavealwaysbeen

importanttopeople.Inadditiontowoodproducts,fbrestedlandsprovideprotective

benefits.

Forestscomainatleasttwo-thirdsoftheearth'stemestrialspecies.Plantdiversity

ensuresasufficiemlywiderangeoftreespecies.

Forestsmakerainlocallyandke"landscapesmoistmperiodsofdrou虫．Th可

preventdesertificationandnaturaldisastascausedbynoodmganderosion.Forestsregllate

watersupplies.Theycollect,store,filterandre-circulatethewater.

Forests,withtheirsoils,containtwotothreetimestheamountofcarboncurrentlyheldm

theatmosphere.TheyprocesseachyearthrouJlphotosynthesisandrespirationanamount

ofcarbonequivalenttol5-20%.Whenatreeiscutandbumed,thecarbonthatwasstored

mthetreetrunksjomswitho)9'"nandisreleasedintotheatmosphereascarbondio)dde

(CO2).

Thek可tofbrestmana"mentissustainabnity.Developmemcouldbesustainedonlyif

humanactivitiesoperatewithmtherealityofresourcelimitationsandcarrymgcapacitiesof

ecosvstem.
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3.SatelliteRemoteSensing

Themodemeraofearthremotesalsmgbe"nwiththefirStLandsatMukispectral

ScanneraFstem(MSS)ml972.Thissatemteplatfbmoperatedmnear-circldar,sm-

synchronous,near-polarorbitsatanaltitudeof915km,circlmgtheeartheverylO3min,

completmgl4orbitsperdayandviewmgtheentireeartheveryl8days.Thecharacteristics

ofthesensorweremukiplespectralbandsfifomO｡5tol.1"m,withreasonablyhiglspatial

resolution(80m)andlar"area(185km×185km).Smcel972,wehaveseenfbur

additionalMSSsystems,aswellastheLandsatThematicMapper(TM)ml982andl984

with30mspatialresolutionand7speclralbands.

Inprinciple,remotesensmgsystmscanmeasureenergremanatmgfifomtheearth's

surfacemanysensibleran"ofwavelengh.Figlashowsprinciplesofthe"ometric

relationshipsamongthesource,tarFt,andsensorthatapplytoallterrestrialremotesensmg

FiglbshowstheSpectralirradiancefifomthesunattheed"oftheatmosphere.The

spectraldistributionofadiantenergFemittedbytheearthpeaksmthethrmalmfifared

wavebandsat9.7"m.Asthesun'senergFisattenuatedbytheatmospherebefbre

illlm血atmgtheterrain,asmallamomtoftheinadianceisactuallyrenectedbytheterrainm

thedirectionofthesatemtesensorsystem｡Thereflectancedetectedbysensorisvarymg

dependentonthewavelength.

Satemteima"saredigitalimaFsrecordedfifomspecificspectralregions.Acrucial

assumptionmsatelliteremotesensmgisthatcovertypesarespectrallyseparable.For

example,water,vegetation,soilhavedifferentcharacteristicreflectancepattems.

4.AnalysisofRemotelySensedData

WhenimaFdataisavailablemdigtalfbrm,spatiallyqUantisedmtopixelsand

Iadiomericallyquantisedintodiscretebrighmessvaluelevels.

4.1Colorcomposites

Whenthedataconsistsofalar"numberofbandssuchasthoseproducedbytheLandsat

TM,itwouldprovideanadditivecolorimag弓．AdditivecolorcompositesfifomvariousTM

bandcombmationarepresentedmFig2.Anaturalcolorma"isproducedfrombandsl,2,

and3,placedmthered,geen,andblue,respectively(Fig2b).Acolormfraredcolor

compositeofTMbands4,3,and2isdisplayedmFig2c｡Healthyve"tationshowsupm
shadesofred.

4.2Vegetationindex

Vertationistheplantcovermanarea.VeFtationmdiceSareempiricalfbnnulas

deSignedtoemphasizethespectralcomrastbetweenthered(R)andnear-in丘aredband(NIR)

regionsoftheelecromagneticspectrum・Severalvegetationmdiceshavebeendeveloped｡
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厩9.2ColorcompositesofLandsatTMdataaroundKanazawa(a)IandsatTMdata(b)

Compositeimag3madebyconmuterfromTMbands3,2,andl,placedmthered,geen,and

blue(RGB),respectively．(c)TMbands4,3,and2(RGB).

Oneofthemostwidelyusedve"tationmdicesisthenormalizeddifferenceve"tation

mdex(2)'(3),thatiSNDW=CWIR-R)/(NIR+R).TheNDWenhancesve"tationand

reducesvariationscausedbychan"smirradiance,wmchvariesasafimctionofsolar

elevation.Itproducesanmdexvaluerangngbetweal-1(nove"tation)and+1(completely

healthygeenve"tationcova).ComparisonsofNDWsfromdifferenttmescanyield

infbrmationonvaliationsmvegetationproductivityandcondition.

5．ObservationofVegetati0nFR･0mGR｡⑪und,HelicopterandSateilite

Thevisibleandnear-infraredreflectanceareconnnonlyusedfbrtheidentificatiOnand

characterizationoftheve"tation.Thereflectancedataobtainedathigleraltitudesisakind
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ofaveraFoveracertainemensionofarea｡Therefbre,mtheinterpretationoftheremote

sensmgdata,knowmgthedifferencebetweenthedataObtainedatdifferentscalesand

distancesisimportant｡Fig3presentstheoutlmeofshnultaneoussatelme,airborneandon

sitemeasuremems..Ve"tationspectrawnlbemeasuredatvisibleandinfraFredbandsat

differemaltitudes｡TheLandsatTMmstrumemiscoUectmgdatawithasurfaceresolution

of30moverthesite.Thehelicopterhovasabovethesiteatanaltitudefifoml50to300m

andacquiresradiometricandimaFdata.Thetowerisaplatfbrmtosetupvarious

mstrumentsfbrcloseran"observations.The"alofthisemerimentistoperfbnnall

measurememssimultaneouslywhentheLandsatsatellitefliesoverthearea.

ThehiJlerresolutionoftheaerialphotogFaphascomparedtothelowerspatialresolution

ofthesatelliteimagnary,providesadditionalelements,sudlassize,shape,structureof

smallerdetailsuchascrownsandpartoftreecrowns,whichcanbeessentialfbrrecoglition

andmeasurements.

Fig4ashowsavisualsatenitehnag3aroundthecenterofKanazawacity.Twocircles

showtheKenrokuenmrden,andKakumacampusofKanazawaUniversity.Fig.4bshows

ve"tationactivities(NDVI)caliculatedusmgsatelhtedataAhhouJlthdeareafew

ve"tationsaroundthecemerofKanazawacity,Kenrokuenmrdeniscoveredby.gFeen

ve"tation.Onthecontrary,thouJlmountainousareaiscoveredbygFeenve"tation,there

arefewfbrestsatKakumacampusofKanazawaUmversity・Fig5showsthesameareas

photogFaphedfifomhelicopter.Fromthisobservationdistance,mdividualtreesmeacharea

caneasnydistmglish.The"neralrelocationplanofKanazawaUniversitytoKakumaarea

isnowcominuing.Thereisalargeconstructionareadepletedofvegetation.
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VegetationFig.30utlineofsimultaneoussatellite,airbomeandonSitemeasurements.

spectrawillbemeasuredatvisibleandinita-redbandsatdifferentaltitudes.
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mg.4(a)AvisualsatelhteimaFaromdthecenterofKanazawacitymMay2000. Two

cirClesshOwtheKenrokuenprden,andKakumacampusofKanazawaUniversity．(b)
VeFtationactivitiesOWDVI)ima"usmgsatellitedataAsthegraylevelbecomesh帥",
VegetationaCtivitymcreases.

6.C⑪nchnsi⑪皿

Differentdatasources,likelandsurvey,aerialphotographyandsatelliteimaFrycanbe

usedd"endmgonthelevelofdetailreq血edandthe団はensionoftheareaunderstudy.
Therestm,however,seemtobempsmtheappmcationofremotesensmgtechniqUesfbr

fbrestmonitormgleymectthatthisseminarwmcomributetobeabetterunderstandingof
theuseofremotesensmgimageryfbrfbrestmomtoring.
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Fig.5Thesameareasphotographed廿omhelicoptermAugust2000.(a)TheKenrokuen
garden.(b)KakumaCampusofKanazawaUniversity.
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