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ȱ

Abstract: Information about change is necessary for updating Land Use/ Land Cover LULC maps and 
the management of natural resources (XiaoMei Y, & RongQing L.Q.Y., 1999). The paper aims to map 
the changes in the LULC using different classification methods and to quantify the land use/ land 
cover change that took place in the Jordan Valley. The paper promotes the classification of LULC 
based on remote sensing information (obtained mainly through the utilization of Thematic Mapper 
TM and Enhance Thematic Mapper ETM scenes) to generate data products that are both appropriate 
to, and immediately usable within different scientific applications. The advancement of remote 
sensing technology in the developing countries such as Palestine encouraged the use of remotely 
sensed data to monitor the land use changes in an effective and more frequent manner. Three 
classification approaches were deployed and the appropriateness of the classifications to derive 
accurate land use maps for the pilot area using Landsat scenes were evaluated. The results showed 
that the use of spectral mixture analysis classification approach enhanced the classification accuracy 
and the ability to categorise the LULC on the pixel level. 

Keywords: Land use/land cover, Classification, Supervised, Unsupervised, Spectral Mixture Analysis 
Land Cover, LANDSAT TM, CORINE Standards, Karaburun Peninsula 

ȱ

Introduction and Literature Review 

Informationȱaboutȱchangeȱ isȱnecessaryȱ forȱupdatingȱ landȱcoverȱmapsȱandȱ theȱmanagementȱofȱ
naturalȱresourcesȱ(XiaoMeiȱY,ȱ&ȱRongQingȱL.Q.Y.,ȱ1999).ȱTheȱinformationȱmayȱbeȱobtainedȱbyȱ
visitingȱsitesȱonȱ theȱgroundȱand/ȱorȱextractingȱ itȱ fromȱremotelyȱsensedȱdata.ȱManyȱresearchesȱ
haveȱbeenȱundertakenȱ toȱdevelopȱmethodsȱofȱobtainingȱchangeȱ information.ȱChangeȱdetectedȱ
fromȱ differentȱ temporalȱ imagesȱ usuallyȱ reflectsȱ naturalȱ andȱ humanȱ activityȱ impacts.ȱAsȱweȱ
know,ȱ theȱ JordanȱRiverȱbecauseȱ itsȱ semiȱdissertȱ climaticȱ conditionsȱ theȱareaȱ isȱ susceptibleȱ toȱ
desertificationȱthusȱmonitoringȱtheȱlandȱuseȱchangeȱusingȱmultiȱtemporalȱimagesȱwillȱprovideȱ
anȱindicationȱonȱtheȱrateȱandȱtheȱmagnitudeȱofȱchange.ȱȱ

Manyȱstudiesȱhaveȱdemonstratedȱtheȱeffectivenessȱofȱusingȱremotelyȱsensedȱdataȱasȱaȱpowerfulȱ
toolȱtoȱdetectȱlandȱuseȱchangeȱforȱcriticalȱenvironmentalȱareas,ȱvegetationȱdynamicsȱandȱurbanȱ
expansion.ȱInȱsomeȱinstancesȱlandȱuseȱ/ȱlandȱcoverȱchangeȱmayȱresultȱinȱenvironmental,ȱsocial,ȱ
andȱeconomicȱimpactsȱofȱgreaterȱdamageȱthanȱbenefitȱtoȱtheȱareaȱ(MohsenȱA.,ȱ1999).ȱThus,ȱdataȱ
onȱlandȱuseȱchangeȱareȱofȱvalueȱtoȱplannersȱinȱmonitoringȱtheȱconsequencesȱofȱlandȱuseȱchangeȱ
onȱ theȱ region.ȱ Suchȱ dataȱ areȱ ofȱ valueȱ toȱ resourceȱ managementȱ andȱ planningȱ agenciesȱ inȱ
assessingȱcurrentȱlandȱuseȱpatternsȱandȱinȱmodellingȱandȱpredictingȱfutureȱdevelopments.ȱ

PreviousȱresearchȱonȱlandȱuseȱlandȱcoverȱmappingȱandȱchangeȱwasȱcarriedȱoutȱbyȱtheȱAppliedȱ
ResearchȱInstituteȱtoȱmapȱtheȱWestȱBankȱusingȱremotelyȱsensedȱdigitalȱdata.ȱTheȱinstituteȱusedȱ
bothȱvisualȱ interpretationȱbyȱscreenȱdigitisingȱ theȱmainȱ landscapeȱ featuresȱ (e.g.ȱurbanȱ fabrics,ȱ
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roadȱ networkȱ etc.)ȱ andȱ numericalȱ interpretationȱ byȱ applyingȱ differentȱ imageȱ processingȱ
algorithms.ȱPartȱ ofȱ theirȱworkȱ inȱ thisȱ researchȱwasȱpublishedȱ inȱ theȱAtlasȱ ofȱPalestineȱ 2001.ȱ
AnotherȱstudyȱcarriedȱoutȱbyȱBenȱGurionȱUniversityȱofȱtheȱNegev,ȱemployedȱNOAA/AVHRRȱ
imagesȱ forȱ monitoringȱ theȱ spatialȱ andȱ temporalȱ changesȱ ofȱ theȱ vegetationȱ coverȱ inȱ Israelȱ
includingȱtheȱWestȱBank.ȱTheȱstudyȱdemonstratedȱtheȱpotentialȱofȱNOAAȱimagesȱtoȱdistinguishȱ
differentȱvegetationȱcoverȱtypesȱandȱtemporalȱvariabilityȱofȱvegetationȱcover.ȱȱ

Shoshanyȱ andȱ Kutielȱ (1994)ȱ investigatedȱ theȱ advantagesȱ ofȱ remoteȱ sensingȱ techniquesȱ inȱ
relationȱtoȱfieldȱsurveysȱinȱprovidingȱaȱregionalȱdescriptionȱofȱvegetationȱcover.ȱTheȱresultsȱofȱ
theirȱresearchȱwereȱuseȱtoȱproduceȱfourȱvegetationȱcoverȱmapsȱthatȱprovidedȱnewȱinformationȱ
onȱ spatialȱ andȱ temporalȱ distributionsȱ ofȱ vegetationȱ inȱ thisȱ areaȱ andȱ allowedȱ regionalȱ
quantitativeȱ assessmentȱ ofȱ theȱ vegetationȱ cover.ȱ Inȱ 1997,ȱ theȱ Appliedȱ Researchȱ Instituteȱ ofȱ
JerusalemȱinȱassociationȱwithȱtheȱIsraeliȱandȱJordanianȱcounterpartsȱstartedȱtoȱmodelȱtheȱeffectȱ
ofȱwaterȱcontentȱonȱtheȱvegetationȱdynamicsȱinȱtheȱJordanȱValley.ȱInȱaddition,ȱtheȱUniversityȱofȱ
YaleȱthroughȱtheirȱirrigationȱprojectȱnamedȱSWAPȱhasȱtakenȱtheȱJordanȱbasinȱasȱtheȱstudyȱarea.ȱ
Thisȱprojectȱattemptedȱ toȱanalyseȱmultiȬtemporalȱTMȱscenesȱ toȱ investigateȱ trendsȱ inȱ irrigatedȱ
andȱ rainȬfedȱ agriculture,ȱ urbanȱ andȱ suburbanȱ sprawl,ȱ andȱ theȱ hydrologicȱ andȱ vegetativeȱ
responsesȱofȱdesertȱandȱsteppeȱsystemsȱtoȱacuteȱtemporalȱvariationsȱinȱclimateȱ(Yaleȱ1998).ȱ

Itȱ isȱ evidentȱ inȱ allȱ previousȱ researchȱ thatȱ theȱ Jordanȱ Valleyȱ isȱ aȱ sensitiveȱ indicatorȱ ofȱ
environmentalȱ conditionsȱ thatȱ exhibitȱ rapidȱ temporalȱ andȱ spatialȱ changesȱ inȱ thisȱ area.ȱThus,ȱ
frequentȱmonitoringȱofȱvegetationȱ isȱ importantȱ toȱunderstandȱ theȱenvironmentalȱprocessesȱ inȱ
thisȱarea.ȱ

Aim  

Theȱ objectiveȱ ofȱ theȱ studyȱ isȱ toȱuseȱ traditionalȱ andȱ advanceȱ imageȱprocessingȱ algorithmsȱ toȱ
generateȱ changeȱ informationȱ fromȱmultiȬtemporalȱ dataȱ sets.ȱ Theȱ variousȱmethodsȱ areȱ thenȱ
evaluatedȱforȱefficacyȱandȱsuitability.ȱ

Objectives 

Theȱpaperȱaddressesȱtwoȱspecificȱobjectivesȱlistedȱasȱfollows:ȱ

1.ȱ Toȱ investigateȱ theȱ abilityȱ ofȱ differentȱ classificationȱmethodsȱ onȱmappingȱ andȱ detectingȱ
LULCȱ changesȱ usingȱ remoteȱ sensingȱ data,ȱ thisȱ involvesȱ twoȱ traditionalȱ classificationȱ
techniquesȱ(supervised,ȱunsupervised)ȱandȱspectralȱmixtureȱanalysis.ȱ

2.ȱ Toȱ quantifyȱ theȱ extentȱ ofȱ landȱ useȱ changesȱ onȱ theȱ vegetationȱ coverȱ usingȱ theȱ multiȱ
temporalȱdatasets.ȱȱ

Rationale 

Theȱ scopeȱofȱ thisȱ researchȱ isȱ toȱprovideȱ aȱ comprehensiveȱ reviewȱofȱdifferentȱ techniquesȱandȱ
algorithmsȱ thatȱ areȱ usedȱ toȱ deriveȱ usefulȱ informationȱ fromȱ remotelyȱ sensedȱ digitalȱ imagesȱ
(obtainedȱmainlyȱ throughȱ theȱThematicȱMapperȱ andȱEnhanceȱThematicȱMapper)ȱ toȱgenerateȱ
dataȱproductsȱ thatȱareȱbothȱappropriateȱ to,ȱandȱ immediatelyȱusableȱwithinȱdifferentȱscientificȱ
applications.ȱMonitoringȱtheȱchangesȱinȱtheȱJordanȱValleyȱwillȱreserveȱtheȱrichȱnaturalȱresourcesȱ
andȱdevelopȱ theȱagriculturalȱpotentiality.ȱTheȱ Jordanȱvalleyȱhasȱnaturalȱ resourcesȱ thatȱcanȱbeȱ
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utilizedȱ toȱ increaseȱ theȱ agricultureȱ productionȱ andȱ thus,ȱ hasȱ greatȱ importanceȱ toȱ theȱ
developmentȱofȱviableȱPalestinianȱState.ȱȱ

 

ȱ
 Agro Ecological Zones of the West Bank, the study area has the same geographical extent 

of the Jordan Valley ecological zone. 

Theȱcostȱeffectivenessȱofȱusingȱremoteȱsensingȱtechnologyȱandȱtheȱadvancementȱinȱcomputingȱ
techniquesȱ toȱ extractȱ LULCȱ informationȱ fromȱ digitalȱ imagesȱ makesȱ itȱ moreȱ viableȱ forȱ
developingȱ countriesȱ suchȱ asȱ Palestineȱ andȱ soȱ givesȱmoreȱ reasonsȱ forȱ studyingȱ theȱ Jordanȱ
Valleyȱ area.ȱ Furtherȱmore,ȱmanyȱ remoteȱ sensingȱ techniquesȱ areȱ stillȱ experimental,ȱ however,ȱ
sufficientȱ understandingȱ andȱ expertiseȱ hasȱ beenȱ acquiredȱ toȱ supplementȱ accurateȱ dataȱ
collectionȱwithȱlargeȬscaleȱmapping.ȱThus,ȱtheȱresearchȱwillȱofferȱgoodȱchanceȱtoȱinvestigateȱtheȱ
appropriatenessȱofȱavailableȱtechniquesȱtoȱderiveȱLULCȱinȱtheȱJordanȱvalley.ȱ

TheȱmonitoringȱofȱlandȱchangeȱusingȱdataȱfromȱtheȱLandsatȱThematicȱMapperȱisȱadequateȱforȱ
generalȱ extensiveȱ synopticȱ coverageȱ ofȱ largeȱ areas.ȱ ȱ Asȱ aȱ resultȱ thisȱ reducesȱ theȱ needȱ forȱ
expensiveȱ andȱ timeȬconsumingȱgroundȱ surveysȱ conductedȱ forȱvalidationȱofȱdata.ȱ Inȱgeneral,ȱ
satelliteȱimageryȱisȱableȱtoȱprovideȱmoreȱfrequentȱdataȱcollectionȱonȱaȱregularȱbasis,ȱunlikeȱaerialȱ
photographsȱ whichȱ althoughȱmayȱ provideȱmoreȱ geometricallyȱ accurateȱmapsȱ isȱ limitedȱ inȱ
respectȱtoȱitsȱextentȱofȱcoverageȱandȱexpensive,ȱwhichȱinȱturnȱmeansȱitȱisȱundertakenȱlessȱoften.ȱ

Moreover,ȱtheȱfactȱthatȱweȱdon�tȱhaveȱaccessȱtoȱallȱpartsȱofȱtheȱWestȱBankȱtoȱobtainȱgroundȱtruthȱ
pointsȱandȱrestrictionsȱonȱobtainingȱaerialȱphotosȱatȱfairlyȱfrequentȱlevelȱdueȱtoȱsecurityȱreasons,ȱ
forceȱusȱtoȱuseȱSatelliteȱremotelyȱsensedȱscenesȱasȱtheȱmostȱreliableȱsourceȱofȱdataȱtoȱmapȱthisȱ
region.ȱ
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ȱ
General Land use/Land cover map of the Jordan Valley 

Background 

Study area geographic location and physical characteristics 

TheȱJordanȱValleyȱarea,ȱmainlyȱdueȱtoȱitsȱuniqueȱnature,ȱisȱselectedȱasȱstudyȱarea.ȱItȱisȱlocatedȱ
betweenȱtheȱeasternȱslopesȱstripȱandȱtheȱJordanȱRiverȱ(figȱ1).ȱTheȱstudyȱareaȱgeographicȱextentȱ
coversȱAlȱAujaȱandȱpartȱofȱtheȱIsraeliȱagriculturalȱcoloniesȱ locatedȱtoȱtheȱnorthȱofȱJerichoȱcity.ȱ



73 

WhileȱtoȱtheȱsouthȱtheȱstudyȱareaȱextendsȱtoȱtheȱDeadȱSeaȱ(figȱ2).ȱTheȱprincipalȱsourcesȱofȱwaterȱ
forȱagricultureȱandȱdomesticȱpurposesȱareȱtheȱJordanȱRiverȱandȱtheȱgroundwater.ȱTheȱregionȱisȱ
knownȱforȱitsȱhighȱtemperatureȱwithȱanȱaverageȱminimumȱtemperatureȱinȱJanuaryȱrangeȱfromȱ
7.4oȱCȱtoȱ19.7oȱCȱandȱaverageȱmaximumȱtemperatureȱinȱAugustȱrangeȱfromȱ22.4oȱCȱtoȱ37.6oȱCȱ
(ARIJ,ȱ1997).ȱ

Theȱ studyȱ areaȱ isȱ characterisedȱ byȱ richȱ fertileȱ soilsȱ suchȱ asȱ alluvialȱ andȱ brownȱ soilsȱ loessialȱ
serozenmsȱ(ARIJȱReport,ȱ2001),ȱwhichȱisȱcombinedȱwithȱhighȱtemperatureȱweatherȱconditions,ȱ
createȱ primeȱ agricultureȱ land.ȱ Theȱ areaȱ growsȱ aȱ varietyȱ ofȱ cropsȱ (herbaceousȱ vegetationȱ
subtropicalȱandȱ tropicalȱ fruits,ȱsuchȱasȱcitrus,ȱbanana,ȱandȱdatesȱasȱwellȱasȱwinterȱvegetables)ȱ
andȱhasȱmultipleȱgrowingȱseasonsȱproducingȱtwoȱcropȱtypesȱperȱyearȱinȱcertainȱregionsȱdueȱtoȱ
warmȱwinterȱinȱtheȱJordanȱvalleyȱwhichȱprovideȱoptimumȱconditionsȱtoȱgrowȱcertainȱcropsȱorȱ
fruits.ȱFarmersȱinȱtheȱJordanȱValleyȱuseȱtheȱlatestȱtechnologyȱandȱagriculturalȱmethodsȱsuchȱasȱ
greenȱ houses,ȱ differentȱ irrigationȱ techniquesȱ andȱ theyȱ diversifyȱ theirȱ cropȱ cultivationȱ everyȱ
seasonȱdependingȱonȱtheȱmarketȱdemandȱandȱtheȱwaterȱsupply.ȱ

Theȱ studyȱareaȱmoreȱ recentlyȱwasȱaffectedȱbyȱ severeȱwaterȱdeficiencyȱdueȱ toȱdecreaseȱ inȱ theȱ
annualȱ rainfallȱoverȱ theȱWestȱBank.ȱConsequently,ȱ theȱLULCȱpatternȱ inȱ thisȱ regionȱhasȱbeenȱ
affected.ȱThisȱfurtherȱdemonstratesȱtheȱneedȱforȱmoreȱresearchȱonȱthisȱarea.ȱȱ

Project Dataset 

Thisȱpaperȱutilizedȱ twoȱ typesȱofȱdatasets.ȱTheȱ firstȱ typeȱwasȱremotelyȱsensedȱdataȱasȱaȱmajorȱ
dataȱ forȱ processingȱ andȱ thematicȱmapȱ production.ȱ Theȱ secondȱ typeȱwasȱ theȱ supplementaryȱ
datasetsȱmainlyȱobtainedȱ fromȱ theȱGISȱdatasetsȱavailableȱatȱ theȱAppliedȱResearchȱ Instituteȱ�ȱ
Jeursalemȱ(ARIJ)ȱspatialȱdatabase.ȱ

Remotely sensed data 

LandsatȱTMȱ&ȱETMȱdigitalȱdataȱofȱMarchȱ1,ȱ1985,ȱandȱMayȱ5ȱ2001ȱwereȱemployedȱinȱthisȱstudy.ȱ
Thisȱ dataȱ setȱ wasȱ suppliedȱ byȱ theȱMediterraneanȱ Agronomicȱ Instituteȱ ofȱ ChaniaȱMAICH.ȱ
Criteriaȱ toȱ theȱ selectionȱofȱ theȱmultiȬtemporalȱLandsatȱdataȱ setȱ involvedȱassessmentȱofȱ cloudȱ
coverȱ percentage,ȱ timeȱ ofȱ acquisition,ȱ andȱ sensorȱ typeȱ soȱ thatȱ LULCȱmappingȱ andȱ changeȱ
detectionȱscopeȱwasȱoptimized.ȱȱ

InȱorderȱtoȱobtainȱtheȱmaximumȱinformationȱfromȱLandsatȱimageriesȱusedȱforȱimageȱprocessingȱ
forȱlandȱuse/landȱcoverȱchangeȱstudy,ȱtheȱselectionȱofȱoptimumȱLandsatȱTMȱimagesȱwereȱtaken.ȱȱ
OneȱofȱtheȱadvantagesȱofȱtheȱJordanȱValleyȱscenesȱisȱthatȱtheȱchanceȱofȱhavingȱcloudȱisȱrareȱthusȱ
theȱ Jordanȱ Valleyȱ isȱ alwaysȱ successfullyȱ imagedȱ byȱ TMȱ andȱ ETMȱ sensorsȱ withoutȱ cloudȱ
contamination.ȱ

Supplementary data 

HighȬresolutionȱaerialȱphotographsȱofȱ1:20000ȱscaleȱcoveringȱ theȱstudyȱareaȱcapturedȱonȱMayȱ
1995ȱwasȱ usedȱmainlyȱ toȱ verifyȱ theȱ accuracyȱ ofȱ theȱ Landsatȱ imageriesȱ classification.ȱOtherȱ
supplementaryȱdataȱwasȱincorporatedȱtoȱimproveȱtheȱaccuracyȱofȱtheȱderivedȱLULCȱwereȱlistedȱ
asȱfollows:ȱ

1.ȱ Generalȱ landȱ useȱmapȱ showingȱ theȱmainȱ landscapeȱ featuresȱ suchȱ asȱ Palestinianȱ urbanȱ
development,ȱroadȱnetworksȱandȱIsraeliȱcoloniesȱ(fig.ȱ2).ȱ

2.ȱ Rainfallȱmapȱcoveringȱtheȱstudyȱareaȱwithȱ50mmȱisohyets.ȱ
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3.ȱ DigitalȱTerrainȱModelȱDTMȱ extractedȱandȱ clippedȱ fromȱStereoȱPanchromaticȱ sceneȱwithȱ
gridȱsizeȱofȱ10ȱmeter.ȱȱ

4.ȱ Groundȱ truthȱpointsȱ randomlyȱdistributedȱ inȱ theȱ Jordanȱvalleyȱareaȱemployedȱ toȱ rectifyȱ
remotelyȱsensedȱdataȱandȱtoȱpinpointȱtrainingȱsiteȱforȱtheȱsupervisedȱclassification.ȱItȱwasȱ
notȱ easyȱ toȱ collectȱ groundȱ truthȱ data,ȱ thus,ȱ theȱ onlyȱ andȱ theȱ ultimateȱ solutionȱwereȱ toȱ
deployȱgroundȱtruthȱdataȱcollectedȱfromȱpreviousȱfieldȱsurveys.ȱȱ

Methodology 

Theȱdemonstrationȱofȱtheȱstagesȱandȱfinalȱresultsȱofȱtheȱstudyȱareaȱpresentedȱwithȱfocusȱonȱtheȱ
majorȱstepsȱthatȱwereȱemployed:ȱȱ

1.ȱ ImageȱpreȬprocessingȱȱ
a.ȱ Radiometricȱcorrectionȱ
b.ȱ Geometricȱcorrectionȱ

2.ȱ Preȱclassificationȱprocessingȱ
a.ȱ Trainingȱselectionȱ

3.ȱ Digitalȱclassificationȱȱ
a.ȱ Supervisedȱapproachȱȱ
b.ȱ Unsupervisedȱapproachȱ
c.ȱ SpectralȱMixtureȱAnalysisȱSMAȱ

4.ȱ AccuracyȱAssessmentȱ

Image pre-processing 

Digitalȱimageȱprocessingȱinvolvesȱtheȱmanipulationȱandȱprepossessingȱdigitalȱimages.ȱSinceȱthisȱ
paperȱ isȱ basedȱ onȱ imageȱ processingȱ toȱ analyseȱ remotelyȱ sensedȱ dataȱ theȱ radiometricȱ andȱ
geometricȱcorrectionsȱwereȱcarriedȱout.ȱ

Radiometric correction 

Perfectȱremotelyȱsensedȱdataȱfromȱsatellitesȱhaveȱnotȱyetȱdeveloped.ȱSoȱitȱisȱexpectedȱthatȱerrorȱ
creepsȱintoȱtheȱdataȱacquisitionȱprocessȱandȱcanȱdegradeȱtheȱqualityȱofȱtheȱremoteȱsensorȱdataȱ
collectedȱ (DugginȱandȱRobinove,ȱ1990;ȱLunettaȱetȱal.,ȱ1991ȱ citedȱ inȱ Jensenȱ1996).ȱRadiometricȱ
errorȱ inȱ remotelyȱ sensedȱ dataȱ mightȱ beȱ introducedȱ byȱ theȱ sensorȱ systemȱ itselfȱ whenȱ theȱ
individualȱdetectorsȱdoȱnotȱfunctionȱproperlyȱorȱdueȱtoȱatmosphericȱattenuationȱthatȱtheȱenergyȱ
recordedȱbyȱtheȱsensorȱdoesȱnotȱresembleȱthatȱwhichȱwasȱreflectedȱbyȱtheȱterrainȱ(Jensenȱ1996).ȱ
TheȱLandsatȱscenesȱusedȱ inȱtheȱresearchȱwereȱradiometricallyȱcorrectedȱsoȱthereȱ isȱnoȱneedȱtoȱ
repeatȱ theȱprocessȱ thatȱmayȱ biasȱ theȱ qualityȱ ofȱ theȱ spectralȱdata.ȱByȱ checkingȱ theȱheaderȱ ofȱ
Landsatȱ imageriesȱ itȱwasȱ foundȱ thatȱLandsatȱTMȱ 1985ȱwasȱ acquiredȱ asȱ 8Ȭbitȱdataȱwhereȱ theȱ
LandsatȱETMȱ 2001ȱwasȱ capturedȱ asȱ 16Ȭbitȱdata.ȱForȱ laterȱprocessingȱLandsatȱETMȱ 2001ȱwasȱ
synchronisedȱtoȱ8Ȭbitȱdataȱbyȱrescalingȱtheȱimage.ȱȱ

Theȱimagesȱwereȱnormalised.ȱTheȱspectralȱdistributionȱofȱTMȱbandsȱofȱLandsatȱETMȱ2001ȱwereȱ
normalisedȱ toȱ Landsatȱ TMȱ 1985,ȱ whichȱ wasȱ chosenȱ asȱ aȱ standardȱ scene.ȱ Thisȱ radiometricȱ
correctionȱ wasȱ conductedȱ becauseȱ itȱ isȱ impossibleȱ toȱ obtainȱ radiometricȱmeasurementsȱ forȱ
historicalȱLandsatȱ images.ȱInȱsuchȱcasesȱ theȱonlyȱwayȱ toȱhaveȱ imagesȱwithȱapproximatelyȱ theȱ
sameȱ radiometricȱ characteristicsȱ isȱ toȱ runȱ imageȱ matchȱ equation.ȱ Theȱ purposeȱ ofȱ imageȱ
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normalisationȱwasȱtoȱreduceȱvariationsȱinȱpixelȱbrightnessȱbetweenȱdifferentȱimagesȱacquiredȱatȱ
differentȱdatesȱsoȱthatȱvariationȱinȱspectralȱreflectanceȱcouldȱbeȱinterpretedȱasȱrealȱchangeȱonȱtheȱ
landscape.ȱȱ

Geometric correction  

Originally,ȱ allȱofȱ theȱ remotelyȱ sensedȱdataȱ andȱ ancillaryȱdataȱ areȱgeocodedȱ toȱ theȱUniversalȱ
TransverseȱMercatorȱ(UTM)ȱprojectionȱbutȱtoȱattainȱpreciseȱresultsȱallȱtheȱsatelliteȱimageryȱwereȱ
rectifiedȱusingȱGroundȱTruthȱPointsȱGTPȱ collectedȱ fromȱpreviousȱ fieldȱ surveyȱ carriedȱ inȱ theȱ
studyȱ area.ȱAsȱ aȱ firstȱ step,ȱ satelliteȱ scenesȱwereȱ loadedȱ inȱ toȱ Erdasȱ Imagineȱ softwareȱ thenȱ
geometricȱ correctionȱwasȱ runȱ toȱ rectifyȱ theȱ satelliteȱ scenesȱ toȱUniversalȱTransverseȱMercatorȱ
(UTM)ȱmapȱprojection.ȱRectificationȱwouldȱ correctȱ theȱdistortionȱwithinȱ theȱ sceneȱ asȱwellȱasȱ
georeferenceȱ theȱ sceneȱ toȱUTMȱ coȬordinateȱ system.ȱ Theȱ firstȱ sceneȱ toȱ beȱ geocodedȱwasȱ theȱ
Landsatȱ1985ȱscene.ȱTwentyȬfiveȱgroundȱcontrolȱpointsȱ(GCPs)ȱwereȱcollectedȱwithȱRootȱMeanȱ
Squareȱ(RMS)ȱequalȱtoȱ±13ȱforȱwhichȱmapȱcoȬordinatesȱwereȱknown.ȱTheȱrecordingȱwasȱdoneȱonȱ
imageȱtoȱGCPȱbase,ȱwhereȱinputȱGCPsȱfromȱtheȱLandsatȱTMȱ1985ȱsceneȱwasȱmadeȱtoȱagreeȱwithȱ
referenceȱGCPs.ȱAtȱ theȱ sameȱ timeȱ theȱ imageȱwasȱ resampledȱ toȱ 30ȱXȱ 30Ȭmȱ pixelsȱ usingȱ theȱ
NearestȱNeighbourȱrule.ȱTheȱpointsȱwereȱpreciselyȱcollectedȱonȱtheȱroadȱnetworkȱintersectionsȱ
andȱspatiallyȱwellȱdistributedȱfeaturesȱtoȱguaranteeȱpreciseȱtransformationȱwithoutȱtwistingȱorȱ
geometricȱ error.ȱ Polynomialȱ transformationȱ modelȱ wasȱ adoptedȱ dueȱ toȱ itsȱ simplicityȱ andȱ
becauseȱsuchȱaȱmodelȱisȱhighlyȱrecommendedȱforȱflatȱareasȱsuchȱasȱJordanȱValley.ȱ

TheȱsameȱprocedureȱwasȱcarriedȱoutȱtoȱrectifyȱtheȱLandsatȱETMȱ2001ȱscene.ȱAgainȱaroundȱ30ȱ
GroundȱTruthȱPointsȱ (GCPs)ȱwereȱ collectedȱ inȱ orderȱ toȱ haveȱpreciseȱLandsatȱ sceneȱ thatȱ areȱ
rectifiedȱtoȱtheȱsameȱreferenceȱsceneȱandȱresampledȱtoȱ30x30ȱmȱpixelsȱusingȱNearestȬNeighbourȱ
resamplingȱtechnique.ȱTheȱresultsȱofȱtheseȱtransformationȱmodelsȱareȱlistedȱinȱTableȱ1.ȱ

 Landsat scenes Root Mean Square Error 

NO. Landsat scene No. of GCPs RMS 

1 Landsat 1985 25 13 

1 Landsat 2001 30 10 

 

Classification approaches  

Classificationsȱproceduresȱwereȱ appliedȱonȱ eachȱLandsatȱ sceneȱ separatelyȱbyȱusingȱdifferentȱ
classificationȱ methodsȱ includingȱ (1)ȱ hardȱ classificationȱ usingȱ supervisedȱ andȱ unsupervisedȱ
classificationȱ (Erdasȱ Inc.,ȱ (1999).ȱ (2)ȱ SpectralȱMixtureȱAnalysisȱ thatȱ oftenȱ involvesȱ theȱuseȱ ofȱ
ancillaryȱinformationȱ(Chartȱ1).ȱȱ

Theȱfirstȱapproachȱusedȱwasȱtheȱunsupervisedȱclassificationȱwhereȱtheȱclassificationȱisȱbasedȱonȱ
theȱ aggregationȱ ofȱ theȱ classesȱ dependingȱ onȱ theȱ spectralȱ reflectance.ȱ Theȱ iterativeȱ SelfȬ
Organisingȱ Dataȱ Analysisȱ Techniqueȱ (ISODATA)ȱ wasȱ employedȱ asȱ aȱ clusteringȱ algorithm.ȱ
ISODATAȱ requiresȱ relativelyȱ littleȱ humanȱ inputȱ toȱ specifyȱ fewȱ criteriaȱ beforeȱ runningȱ theȱ
algorithm.ȱTheseȱstepsȱareȱasȱfollows:ȱ

Firstȱstep,ȱspecifyȱtheȱmaximumȱnumberȱofȱclustersȱtoȱbeȱidentifiedȱ(Cmax).ȱTenȱclustersȱwereȱ
obtained,ȱandȱthenȱtheȱnumberȱwasȱreducedȱbyȱsplittingȱandȱmergingȱofȱclassesȱdependingȱonȱ
theȱ imageȱspectralȱreflectance.ȱSecondȱstep,ȱ identifyȱtheȱmaximumȱpercentageȱofȱpixelsȱwhoseȱ
classȱ valuesȱ areȱ allowedȱ toȱ beȱ unchangedȱ betweenȱ iterationsȱ (M).ȱ Theȱ ISODATAȱ algorithmȱ
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terminatesȱwhenȱthisȱnumberȱisȱreached.ȱThirdȱstep,ȱspecifyȱtheȱmaximumȱnumberȱofȱiterationsȱ
(T),ȱwhereȱ ISODATAȱ classifyȱpixelsȱandȱ recalculateȱclusterȱmeanȱvectors.ȱFinally,ȱ specifyȱ theȱ
maximumȱstandardȱdeviationȱnotȱtoȱbeȱexceededȱduringȱtheȱclassification.ȱInȱtheȱfirstȱiteration,ȱ
eachȱcandidateȱpixelȱisȱcomparedȱtoȱeachȱclusterȱmeanȱandȱassignedȱtoȱtheȱclusterȱwhoseȱmeanȱ
isȱclosestȱinȱeuclideanȱdistance.ȱDuringȱtheȱsecondȱiteration,ȱaȱnewȱmeanȱisȱcalculatedȱforȱeachȱ
clusterȱbasedȱonȱ theȱactualȱ spectralȱ locationsȱofȱ theȱpixelsȱassignedȱ toȱeachȱ cluster.ȱAfterȱ theȱ
newȱclusterȱmeanȱvectorsȱareȱselected,ȱeveryȱpixelȱinȱtheȱsceneȱisȱonceȱagainȱassignedȱtoȱoneȱofȱ
theȱ newȱ clusters.ȱ Theȱ splitȱ andȱmergeȱ processȱ continuesȱ untilȱ thereȱ isȱ littleȱ changeȱ inȱ classȱ
assignmentȱbetweenȱiterations,ȱtheȱTȱthresholdȱisȱreachedȱorȱtheȱmaximumȱnumberȱofȱiterationȱ
isȱreachedȱ (M).ȱThenȱ theȱspectralȱclassesȱwereȱ identifiedȱbyȱcomparingȱ theȱclassifiedȱ imageȱ toȱ
groundȱtruthȱpointsȱorȱaerialȱphotos,ȱtheȱnextȱstepȱisȱtoȱcombineȱandȱlabelȱtheȱspectralȱclustersȱ
intoȱinformationȱclasses.ȱ

Training site selection 

Trainingȱsitesȱwereȱselectedȱwithinȱtheȱimageȱthatȱareȱrepresentativeȱofȱtheȱlandȱuseȱ/ȱlandȱcoverȱ
classesȱofȱinterest.ȱFiveȱtoȱtenȱtrainingȱsitesȱforȱeachȱclassȱwereȱcollectedȱandȱmergedȱtoȱgiveȱtheȱ
bestȱ representationȱofȱ theȱ classȱ spectralȱ reflectance.ȱMuchȱ careȱwasȱ takenȱ toȱ subȱdivideȱ semiȱ
naturalȱareasȱ toȱ twoȱclassesȱ toȱreduceȱ theȱ topographicȱeffect,ȱhence,ȱsemiȱnaturalȱareasȱ inȱ theȱ
shadeȱshowsȱdifferentȱspectralȱreflectanceȱfromȱsemiȱnaturalȱareasȱexposedȱandȱilluminatedȱbyȱ
theȱ sun.ȱ Itȱwasȱ obviousȱ thatȱ introducingȱ priorȱ knowledgeȱ especiallyȱ aboutȱ theȱ topographyȱ
aidedȱinȱcollectingȱseparableȱsignatures.ȱMuchȱattentionȱwasȱgivenȱtoȱpickȱhomogeneousȱareasȱ
inȱ theȱLandsatȱ imageȱ toȱ ensureȱgoodȱ classificationȱ results.ȱMoreover,ȱ theȱ trainingȱ sitesȱwereȱ
trainedȱwithȱminimumȱ numberȱ ofȱ pixelsȱ forȱ eachȱ classȱ sufficientȱ toȱ computeȱ theȱ varianceȬ
covarianceȱmatricesȱ requiredȱ byȱ someȱ classificationȱ algorithms.ȱ Theȱ ancillaryȱ dataȱ (Groundȱ
ControlȱPointsȱandȱlandȱuseȱlayers)ȱwereȱconvertedȱfromȱshapeȱfileȱformatȱtoȱArcȱ/ȱInfoȱformat,ȱ
whichȱisȱreadableȱonȱremoteȱsensingȱsoftware.ȱTheseȱfilesȱwereȱthenȱdisplayedȱoverȱtheȱLandsatȱ
scenesȱtoȱaidȱinȱpickingȱrepresentativeȱtrainingȱsites.ȱȱ

Theȱsecondȱapproachȱ isȱ theȱsupervisedȱclassificationȱwhereȱminimumȱdistanceȱ toȱmeans,ȱandȱ
maximumȱlikelihoodȱclassifiersȱwereȱrunȱonȱtheȱlandsatȱscenesȱ(TMȱ&ȱETM).ȱThisȱapproachȱisȱ
totallyȱ dependentȱ onȱ theȱ spectralȱ patternȱ recognitionȱ (Lillesand,ȱ 1994).ȱ Theȱ supervisedȱ
classificationȱtechniqueȱisȱpreferred,ȱbecauseȱtheȱdataȱofȱtheȱstudyȱareaȱisȱknownȱandȱtheȱpriorȱ
knowledgeȱaboutȱtheȱnatureȱofȱtheȱstudyȱareaȱwasȱavailable.ȱ14ȱtrainingȱareaȱwereȱusedȱforȱtheȱ
supervisedȱclassificationȱofȱeachȱimage.ȱTheseȱtrainingȱareasȱwereȱdelineatedȱfromȱaȱfalseȱcolourȱ
compositeȱimage.ȱTheseȱtrainingȱsitesȱrepresentȱagriculturalȱareas,ȱsemiȱnaturalȱareasȱandȱwaterȱ
bodies.ȱToȱavoidȱmisclassification,ȱtheseȱtrainingȱareasȱwereȱhomogeneous.ȱAncillaryȱdataȱsuchȱ
asȱaerialȱphotos,ȱgroundȱtruthȱpoints,ȱandȱDTMȱwereȱconsideredȱduringȱtheȱselectionȱofȱtrainingȱ
areasȱinȱorderȱtoȱobtainȱtheȱbestȱaccuracyȱofȱtheȱclassificationȱresults.ȱȱ

Steps of Classification Procedures 

Theȱclassificationȱschemeȱgivenȱ inȱchartȱ1ȱshowsȱ theȱ topȱdownȱstepsȱ followedȱ toȱproduceȱ theȱ
landȱuseȱ/ȱlandȱcoverȱthematicȱmaps.ȱTheȱfirstȱstepȱwasȱtoȱdefineȱspecificȱlandȱuseȱlandȱclassesȱ
withinȱ theȱ studyȱ areaȱ toȱbeȱdelineatedȱ asȱ outputȱ classes.ȱTheȱ secondȱ stepȱwasȱ toȱdefineȱ theȱ
remotelyȱsensedȱdataȱwithȱitsȱentireȱcharacteristicsȱ(sensorȱtype,ȱgeometry,ȱresolutionȱandȱetc.).ȱ
Theȱ thirdȱ stepȱwasȱ toȱ defineȱ theȱ relevantȱ ancillaryȱ dataȱ thatȱ couldȱ helpȱ toȱ attainȱ accurateȱ
trainingȱsitesȱtoȱtrainȱtheȱremotelyȱsensedȱdata.ȱTheseȱancillaryȱdataȱwereȱGroundȱTruthȱPointsȱ
(GCP),ȱaerialȱphotos,ȱDigitalȱTerrainȱModelȱ(DTM)ȱandȱirregularȱpolygonalȱArc/Infoȱcoverages.ȱ
Theȱ forthȱ step,ȱ threeȱ classificationȱ schemesȱ wereȱ adoptedȱ supervised,ȱ unsupervisedȱ andȱ
SpectralȱMixtureȱAnalysisȱ(SMA).ȱUnsupervisedȱclassificationȱemploysȱISODATAȱalgorithmȱtoȱ
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deriveȱlandȱuseȱ/ȱlandȱcoverȱclasses.ȱOnȱtheȱotherȱhand,ȱtheȱsupervisedȱclassificationȱusesȱaȱnonȬ
parametricȱ Parallelepipedȱ algorithmȱ coupledȱ withȱ aȱ parametricȱ decisionȱ rulesȱ Minimumȱ
Distanceȱ toȱMeansȱ andȱ aȱMaximumȱ Likelihood.ȱ Theȱ outputȱ classifiedȱ thematicȱmapsȱwereȱ
geometricallyȱcorrectedȱbyȱ runningȱ theȱ transformationȱmatrixesȱ inȱorderȱ toȱattainȱplanimetricȱ
maps.ȱȱ

Actualȱ changeȱ canȱbeȱobtainedȱbyȱaȱdirectȱ comparisonȱbetweenȱ classificationȱoutcomesȱ fromȱ
oneȱdateȱwithȱthatȱfromȱtheȱotherȱdate.ȱTemporalȱchangesȱthatȱhaveȱoccurredȱbetweenȱtheȱtwoȱ
datesȱ canȱbeȱmeasuredȱbyȱperformingȱ changeȱmatrixȱ (HowarthȱandȱWickware,ȱ 1981ȱ citedȱ inȱ
SompornȱS.,ȱ1995).ȱHowever,ȱinȱthisȱstudyȱonlyȱdirectȱcomparisonȱbetweenȱtheȱtwoȱscenesȱwasȱ
performedȱtoȱidentifyȱtheȱtemporalȱaffect.ȱ

Theȱ thirdȱ approachȱ isȱ theȱ SpectralȱMixtureȱAnalysisȱ (SMA).ȱ Thisȱ approachȱwasȱ adoptedȱ toȱ
performȱanȱinventoryȱofȱlandscapeȱobjectsȱthatȱareȱsignificantlyȱsmallerȱthanȱtheȱsizeȱofȱtheȱpixelȱ
inȱremotelyȱsensedȱimagery.ȱTheȱadoptionȱofȱthisȱclassificationȱapproachȱwasȱdeployedȱtoȱtestȱ
theȱappropriatenessȱofȱthisȱtechniqueȱtoȱderiveȱaccurateȱlandȱuseȱmapsȱforȱtheȱpilotȱareaȱusingȱ
Landsatȱ images.ȱTMȱandȱETMȱbandsȱwereȱusedȱ interactivelyȱ toȱ locateȱpureȱpixelsȱwithinȱ theȱ
dataset.ȱ Theȱ pureȱ pixelsȱ areȱ derivedȱ throughȱ Pixelȱ Purityȱ Indexȱ (PPI)ȱwhichȱ isȱ aȱmeansȱ ofȱ
findingȱ theȱmostȱ �spectrallyȱpure�ȱ (extreme)ȱpixelsȱ inȱmultispectralȱandȱhyperspectralȱ imagesȱ
(Boardmanȱ 1994,ȱ citedȱ ENVIȱ tutorial).ȱ Theȱ pixelȱ purityȱ indexȱ isȱ computedȱ byȱ repeatedlyȱ
projectingȱnȬdimensionalȱscatterȱplotsȱontoȱaȱrandomȱunitȱvector.ȱTheȱPPIȱisȱtypicallyȱrunȱonȱaȱ
PrincipalȱComponentȱtransformationȱimageȱexcludingȱnoiseȱbands.ȱTheȱextremeȱpixelsȱinȱeachȱ
projectionȱareȱrecordedȱandȱtheȱtotalȱnumberȱofȱtimesȱeachȱpixelȱisȱmarkedȱasȱextremeȱisȱnoted.ȱ
Aȱ �pixelȱpurityȱ image�ȱ isȱcreatedȱ inȱwhichȱtheȱDNȱofȱeachȱpixelȱcorrespondsȱtoȱtheȱnumberȱofȱ
timesȱ thatȱ pixelȱ wasȱ recordedȱ asȱ extreme.ȱ Theseȱ spectrallyȱ pureȱ pixelsȱ derivedȱ fromȱ theȱ
multispectralȱ imagesȱ areȱplottedȱ inȱ anȱnȬdimensionalȱScatterȱplot.ȱTheȱnȬDimensionalȱ scatterȱ
plotȱ allowsȱ forȱ interactiveȱ rotationȱ ofȱ dataȱ inȱ nȬDȱ space,ȱ selectionȱ ofȱ groupsȱ ofȱ pixelsȱ intoȱ
differentȱclassesȱ(Boardmanȱ1994,ȱcitedȱENVIȱtutorial).ȱTheȱScatterȱplotȱofȱtheȱpureȱpixelsȱofȱTMȱ
andȱ ETMȱ bandsȱ enabledȱ toȱ locate,ȱ identify,ȱ andȱ clusterȱ theȱ purestȱ pixelsȱ andȱmostȱ extremeȱ
spectralȱ responsesȱ inȱ theȱdataȱ set.ȱHereȱ inȱ thisȱ studyȱ thisȱprocedureȱwasȱ followedȱ toȱ isolateȱ
differentȱgroupsȱofȱpixelsȱrepresentingȱdifferentȱmaterials.ȱSeveralȱgroupsȱofȱpixelsȱsuchȱasȱsoilȱ
(bareȱ fields),ȱ vegetationȱ areasȱ andȱwaterȱ bodiesȱwereȱ isolatedȱ andȱmostlyȱ projectedȱ atȱ theȱ
cornersȱofȱtheȱscatterȱplotȱorȱcompletelyȱisolatedȱinȱtheȱinteractiveȱscatterȱplot.ȱ

Accuracy assessment 

Onceȱtheȱclassificationȱwasȱdone,ȱfurtherȱknowledgeȱofȱtheȱareaȱwasȱobtainedȱthroughȱtheȱuseȱ
ofȱpreviousȱdataȱcollectedȱfromȱtheȱfield.ȱTheseȱdataȱprovidedȱbetterȱdetailȱasȱtoȱwhatȱtypesȱofȱ
landȱ useȱ areȱ likelyȱ toȱ beȱ presentȱ withinȱ theȱ studyȱ area,ȱ especiallyȱ inȱ theȱ locationȱ whereȱ
heterogeneousȱ canopyȱ isȱ distributed.ȱ HighȬresolutionȱ aerialȱ photosȱ wereȱ usedȱ asȱ valuableȱ
sourceȱofȱdataȱforȱtheȱpurposeȱofȱvalidatingȱtheȱclassificationȱaccuracy.ȱHence,ȱitȱwasȱimpossibleȱ
toȱconductȱfieldȱsurveysȱdueȱtoȱtheȱunstableȱpoliticalȱsituation,ȱwhereȱtheȱIsraeliȱDefenseȱForceȱ
IDFȱ imposingȱclosureȱandȱsiegeȱaroundȱtheȱPalestinianȱcitiesȱandȱdenyingȱtheȱPalestiniansȱtheȱ
rightȱtoȱaccessȱmostȱofȱtheȱOccupiedȱPalestinianȱTerritoriesȱOPT.ȱ

Results and Discussion 

ToȱinvestigateȱtheȱlandȱuseȱchangeȱinȱtheȱJordanȱvalleyȱintuitiveȱanalysisȱwasȱimplementedȱonȱ
theȱLandsatȱTMȱ1985ȱandȱLandsatȱETMȱ2001ȱimages.ȱThisȱinvolvesȱtheȱuseȱofȱtwoȱclassificationȱ
techniquesȱtoȱderiveȱLULCȱinventoriesȱforȱtheȱtwoȱyearsȱinȱorderȱtoȱcompareȱtheȱchangesȱonȱtheȱ
spatialȱtrendsȱduringȱsixteenȱyears.ȱ
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 The flow chart shows the major steps of the study 

Supervised classification results 

Supervisedȱ classificationȱwasȱ usedȱ toȱ deriveȱ generalȱ LULCȱ ofȱ theȱ pilotȱ areaȱ (figs.ȱ 3ȱ andȱ 4).ȱ
Beforeȱstartingȱwithȱ theȱanalysisȱusingȱ theȱaboveȱmethodȱunsupervisedȱclassificationȱ (isodataȱ
algorithm)ȱwasȱ runȱ inȱ orderȱ toȱ attainȱpureȱ spectralȱ signatureȱ thatȱ representȱ realȱLULC.ȱTheȱ
modifiedȱ signaturesȱ obtainedȱ fromȱ theȱ unsupervisedȱ classificationȱwereȱ usedȱ toȱ deriveȱ tenȱ
LULCȱclasses.ȱAlsoȱpureȱsignatureȱwasȱcollectedȱusingȱgroundȱtruthȱpointsȱobtainedȱfromȱtheȱ
field.ȱTheȱ firstȱ levelȱofȱCORINEȱnomenclatureȱwasȱadoptedȱ toȱproduceȱ standardizedȱ classes.ȱ
Thusȱtheȱtenȱclassesȱwereȱaggregatedȱtoȱthreeȱclassesȱtoȱhaveȱcompatibleȱandȱuniversalȱspatialȱ
dataȱ thatȱcanȱbeȱstoredȱ inȱdatabasesȱ forȱotherȱscientificȱpurposes.ȱVisually,ȱ theȱoutputȱ resultsȱ
wereȱ fairlyȱgoodȱ andȱ representȱ theȱ realȱ classesȱ inȱ theȱ fieldȱ toȱ aboutȱ 70ȱ toȱ 75ȱpercent.ȱ Itȱwasȱ
plannedȱthatȱanotherȱfieldȱsurveyȱshouldȱbeȱconductedȱinȱorderȱtoȱincreaseȱtheȱaccuracyȱofȱtheȱ
derivedȱthematicȱmaps.ȱUnfortunately,ȱdueȱtoȱ limitationȱonȱtimeȱandȱmovement,ȱcarryingȱoutȱ
theȱfieldȱsurveyȱwasȱimpossible.ȱTableȱ2ȱportrayȱtheȱattributesȱandȱtheȱareasȱderivedȱfromȱtheȱ
processedȱLandsatȱTMȱ sceneȱ 1985ȱ forȱ eachȱ landȱuseȱ class,ȱwhileȱ theȱ attributesȱderivedȱ fromȱ
LandsatȱETMȱ2001ȱwasȱgivenȱinȱtableȱ3.ȱ

TheȱclassificationȱofȱtheȱLandsatȱTMȱ1985ȱscene,ȱgivenȱinȱTableȱ2ȱshowsȱthatȱtheȱJordanȱvalleyȱisȱ
occupiedȱbyȱbareȱrocksȱandȱsemiȱnaturalȱvegetation.ȱChartȱ2ȱshowsȱthatȱonlyȱ13ȱpercentȱofȱtheȱ
valleyȱ isȱ occupiedȱ byȱ vegetationȱwhileȱ theȱ restȱ isȱ semiȱ naturalȱ vegetationȱ (bareȱ fieldsȱ andȱ
grazingȱ land).ȱ Theȱ classificationȱ ofȱ Landsatȱ TMȱ 2001ȱ scenesȱ showsȱ thatȱ theȱ vegetationȱ
progressionȱwasȱincreasedȱfromȱ13ȱpercentȱinȱ1985ȱtoȱ27ȱpercentȱinȱ2001(chartȱ3).ȱHowever,ȱthisȱ
increaseȱ inȱ theȱvegetationȱdoesȱnotȱonlyȱ representȱ theȱ agriculturalȱareasȱbutȱ alsoȱ theȱnaturalȱ
vegetation.ȱ Thereȱwasȱ noȱmeanȱ toȱ differentiateȱ betweenȱ theȱ twoȱ typesȱ ofȱ vegetationȱ dueȱ toȱ
spectralȱreflectanceȱsimilarity.ȱOfȱcourse,ȱthisȱimpliesȱthatȱtheȱannualȱrainfallȱforȱtheȱyearȱ2001ȱ
wasȱhigherȱthanȱthatȱonȱtheȱyearȱ1985.ȱThus,ȱhigherȱvegetationȱ intensityȱandȱprogressionȱwasȱ
depictedȱfromȱtheȱanalysedȱLandsatȱETMȱ2001ȱscene.ȱ
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TheȱresultsȱimplyȱthatȱtheȱJordanȱvalleyȱisȱveryȱsensitiveȱtoȱtheȱannualȱrainfallȱlevelsȱwhereȱtheȱ
aridityȱindexȱshowsȱthatȱduringȱdroughtȱseasonsȱtheȱgreennessȱlevelȱdeclineȱdramaticallyȱinȱtheȱ
JordanȱValley.ȱTheȱinterpretationȱofȱtheȱproducedȱthematicȱdataȱshowsȱthatȱtheȱincreaseȱinȱtheȱ
vegetationȱcoverȱcanȱbeȱattributedȱ toȱ theȱhighȱrainfallȱ levelsȱ inȱyearȱ2001ȱandȱ toȱ theȱexcessiveȱ
utilizationȱ ofȱ theȱ surfaceȱ andȱ groundwaterȱ resourcesȱ byȱ theȱ Israeliȱ agriculturalȱ coloniesȱ toȱ
cultivateȱvineyards,ȱbananaȱandȱcitrus.ȱȱ

 The attribute data derived from the supervised classification of Landsat TM scene, 
captured on 1985 

Land use / land cover Histogram value Area in hectare 

Agricultural Areas 58,232 5,233 

Semi Natural Areas 388,114 34,878 

Water Bodies 91 8 

 The attribute data derived from the supervised classification of Landsat ETM scene, 
captured 2001 

Land use / land cover Histogram value Area in hectare 

Agricultural Areas 119,680 10,765 

Semi Natural Areas 324,164 29,159 

Water Bodies 2,096 188 
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ȱ
 Land cover statistics derived using supervised classification of Landsat TM 1985  

of the Jordan Valley 
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ȱ
 Land cover statistics derived using supervised classification of Landsat ETM 2001  

of the Jordan Valley 

Theȱ interpretationȱ andȱ theȱ analysisȱ ofȱ remotelyȱ sensedȱ dataȱ (Landsatȱ TMȱ andȱ ETM)ȱwereȱ
dependentȱonȱ theȱmultispectralȱ characteristicsȱofȱ theȱ scenes.ȱHoweverȱ theȱ largeȱpixelȱ sizeȱofȱ
LandsatȱTMȱ(30ȱ*ȱ30ȱmeter)ȱmakeȱtheȱclassificationȱisȱinevitablyȱbiased.ȱSince,ȱitȱisȱimpossibleȱinȱ
mostȱ ofȱ theȱ casesȱ toȱ haveȱ landscapeȱ objectsȱ coveringȱ 100ȱ percentȱ theȱ pixelȱ area.ȱ Thisȱ
phenomenonȱ isȱ clearlyȱ foundȱ inȱ theȱpilotȱareaȱ (Jerichoȱ ecologicalȱzone)ȱwhereȱ theȱ landȱplotsȱ
usedȱforȱagricultureȱ isȱsmallerȱthanȱtheȱpixelȱsizeȱandȱshareȱmanyȱotherȱ landȱuseȱcomponentsȱ
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suchȱ asȱ urbanȱ developmentȱ andȱ bareȱ rocks.ȱ Inȱ orderȱ toȱ attainȱ betterȱ resultsȱ thatȱ representȱ
accuratelyȱtheȱrealȱLULC,ȱaȱnewȱclassificationȱapproachȱwasȱapplied,ȱwhichȱisȱtermedȱSpectralȱ
MixtureȱAnalysisȱ (SMA).ȱ Itȱ isȱworthȱmentioningȱ thatȱSMAȱ classificationȱ isȱ consideredȱaȱnewȱ
approachȱ ofȱ remotelyȱ sensedȱ dataȱ categorizationȱ onȱ theȱ pixelȱ levelȱ thatȱ needsȱ experiencedȱ
technicianȱandȱfurtherȱresultsȱverification.ȱȱ

ȱ
 Shows landsat TM scene on the left side and the derived thematic data of the supervised 

classification on the right side. 
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ȱ
 Shows landsat ETM 2001scene on the left side and the derived thematic data of the 

supervised classification on the right side. 

Spectral mixture analysis 

Theȱmixedȱpixelsȱ inȱremotelyȱsensedȱdataȱareȱoneȱofȱ theȱmainȱerrorȱsourcesȱresultingȱ inȱpoorȱ
classificationȱ accuracyȱ usingȱ traditionalȱ classificationȱ methods.ȱ Inȱ orderȱ toȱ improveȱ
classificationȱaccuracy,ȱSMAȱhasȱbeenȱusedȱ toȱhandleȱ theȱmixedȱpixelȱproblems.ȱFig.ȱ5ȱshowsȱ
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theȱ extractedȱ thematicȱdataȱusingȱ theȱSpectralȱmixtureȱ analysisȱ techniqueȱ forȱ theȱ twoȱ scenesȱ
underȱ investigation.ȱ Statisticalȱdataȱ aboutȱ theȱ proportionȱ ofȱ eachȱ endȱmemberȱ inȱ eachȱ pixelȱ
wereȱderivedȱfromȱtheȱthematicȱdataȱandȱgivenȱinȱtableȱ4,ȱtheȱdataȱwasȱaggregatedȱtoȱtenȱclassesȱ
toȱsimplifyȱdataȱreading.ȱEachȱclassȱstartsȱwithȱzeroȱfractionalȱabundanceȱtoȱ100ȱpercentȱcalledȱ
pureȱpixelȱvalue.ȱ Itȱ isȱobvious,ȱ thatȱmostȱofȱ theȱ thematicȱdataȱderivedȱ fromȱ theȱanalysisȱ isȱaȱ
mixtureȱofȱmanyȱ landȱuseȱ featuresȱandȱpureȱpixelsȱareȱextremelyȱ rareȱ (Boardmanȱ1994,ȱcitedȱ
ENVIȱ tutorial).ȱ Thisȱ impliesȱ thatȱ theȱ classificationȱ usingȱ spectralȱmixtureȱ analysisȱ approachȱ
provideȱ viableȱ toolȱ ofȱ quantitativeȱ andȱ qualitativeȱ analysisȱ ofȱ LULCȱ patternsȱ inȱ theȱ Jordanȱ
Valley.ȱ

 Landsat TM captured on the 1 of March 1985 

 

Conclusion and Recommendation 

Theȱresultsȱofȱtheȱstudyȱdiscloseȱfiveȱmajorȱfindingsȱasȱfollowings:ȱ

1.ȱ Automaticȱ classificationȱ usingȱ theȱ hardȱ classificationȱ approachȱ provedȱ toȱ beȱ aȱ goodȱ
indicatorȱtoȱestimateȱtheȱmagnitudeȱandȱtheȱtypeȱofȱLULCȱinȱtheȱJordanȱValley.ȱȱ

2.ȱ Theȱ vegetationȱ inȱ theȱ Jordanȱ Valleyȱ seemsȱ toȱ beȱ veryȱmuchȱ controlledȱ byȱ theȱ season,ȱ
demonstratedȱasȱaȱhighȱgreennessȱpeakȱandȱhighȱexpansionȱratesȱinȱMayȱofȱeveryȱyear.ȱȱ

3.ȱ Oneȱ ofȱ theȱmostȱ importantȱ findingsȱ ofȱ thisȱ researchȱ isȱ theȱ significantȱ increaseȱ inȱ theȱ
vegetationȱcoverȱduringȱtheȱlastȱdecade.ȱOnȱtheȱotherȱhand,ȱtheȱwaterȱquantitiesȱhaveȱbeenȱ
continuouslyȱdecreasingȱ inȱ theȱaquifersȱasȱaȱ resultȱofȱdeclineȱ inȱ theȱannualȱ rainfall.ȱThisȱ
shouldȱ leadȱusȱ toȱ thinkȱseriouslyȱaboutȱotherȱalternativeȱofȱwaterȱsourcesȱ toȱsupportȱ theȱ
agricultureȱinȱtheȱvalleyȱorȱchangeȱtheȱirrigationȱmethods.ȱFailureȱtoȱdoȱsoȱwouldȱexposeȱ
theȱagricultureȱinȱtheȱwholeȱregionȱtoȱaȱpotentiallyȱdevastatingȱsituationȱinȱtheȱnearȱfutureȱ
dueȱtoȱthisȱunbalancedȱwaterȱuse.ȱȱȱ

4.ȱ Theȱresultsȱshowȱthatȱtheȱvegetationȱcoverȱisȱchangedȱdramaticallyȱduringȱtheȱsixteenȱyear.ȱ
Thisȱ phenomenonȱ couldȱ beȱ attributedȱ toȱ twoȱ reasons:ȱ firstly,ȱ theȱ Jordanȱ valleyȱ isȱ veryȱ
sensitiveȱ toȱ seasonalȱ effectsȱ andȱ secondlyȱbecauseȱ farmingȱpracticesȱhaveȱbeenȱ changedȱ
betweenȱtheȱsixteenȬyearȱperiod.ȱȱ

 

y  y  W y 

0 0 13500 No vegetation 1200 No bare rock 12700 
No water 

 

0 0.1 27700  588400  596800  

0.1 0.2 48200  5700  19200  

0.2 0.3 66900  12300  33500  

0.3 0.4 663900  20200  38200  

0.4 0.5 61000  28800  47700  

0.5 0.6 46200  53700  51200  

0.6 0.7 23800  79800  49200  

0.7 0.8 11800  88600  47600  

0.8 0.9 9400  80900  42500  

0.9 1 7100  50700  35300  

1 1 56800 Pure vegetation 26000 Pure bare rock 62400 Pure water 
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ȱ
 Shows the extracted thematic data for landsat TM 1985 (left) and landsat ETM 2001 

(right) scenes using the Spectral mixture analysis technique 

5.ȱ Spectralȱmixtureȱ analysisȱ classificationȱprovidesȱnewȱprospectiveȱ toȱ acquireȱquantitativeȱ
andȱqualitativeȱinformationȱusingȱremotelyȱsensedȱdata.ȱ

Finally,ȱ itȱ isȱhopedȱ thatȱ thisȱstudyȱhasȱprovidedȱ theȱ initialȱ toolsȱandȱbackgroundȱ informationȱ
aboutȱtheȱautomaticȱclassificationȱsystemsȱtoȱproduceȱqualityȱthematicȱmaps.ȱItȱisȱexpectedȱthatȱ
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furtherȱworkȱ inȱ similarȱ studiesȱwouldȱ leadȱ toȱgreaterȱunderstandingȱofȱ imageȱprocessingȱ forȱ
LULCȱpurposes.ȱTheȱvalueȱofȱdigitalȱprocessingȱhasȱbeenȱprovenȱ toȱbeȱveryȱ costȱeffectiveȱ inȱ
suchȱresearchȱandȱhasȱbeenȱprovenȱadvantageousȱinȱpreviousȱstudiesȱthatȱutilizedȱLandsatȱdata.ȱ
ThisȱkindȱofȱdataȱisȱincreasinglyȱsuitableȱforȱuseȱinȱdevelopingȱcountriesȱsuchȱasȱPalestine,ȱdueȱ
toȱitsȱconsistency,ȱreliabilityȱandȱavailability.ȱItȱmayȱbeȱconcludedȱthatȱtheȱuseȱofȱLandsatȱscenesȱ
forȱ mappingȱ LULCȱ changeȱ inȱ theȱ Jordanȱ valleyȱ areaȱ providedȱ aȱ satisfactoryȱ resultȱ ifȱ theȱ
appropriateȱ techniquesȱwereȱ usedȱ inȱ dataȱ analysis.ȱHowever,ȱ itȱ isȱ recommendedȱ toȱ deriveȱ
LULCȱonȱregularȱinterval,ȱsoȱthatȱtheȱinformationȱcanȱbeȱupdatedȱthroughȱtime.ȱȱ
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