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ȱ

Abstract: Three Landsat TM-images of different dates (June of 1987, 1994, and 1998) were analyzed 
to detect the land cover changes that have been occurred in two chosen sites (Hermel area and Dahr 
El Baidar area) in Lebanon. The images were registered for possible spatial comparison and were 
atmospherically corrected using ATCOR2 of the software ERDAS-IMAGINE for further analytical 
processes. A hybrid approach was carried out between the multitemporal unsupervised classification 
and the vegetation index differencing to simplify the search for change and no change pixels. The 
classification was performed on 12 bands images, i.e., the bands 1, 2, 3, 4, 5 and 7 were generated 
twice in the image, to obtain the possible land cover changes and discard what is not clear or what is 
due to cloud effect. A threshold value, the mean plus the double of the standard deviation, was 
applied on the NDVI-image differentiation to obtain the first change image for each year relative to 
the reference one (1987 image). The multitemporal unsupervised classified images were matched 
with the change images to resolve areas where change in land cover took place. Both positive and 
negative changes in the land cover were observed and analyzed for their type of change. Land 
rehabilitation for agriculture in Hermel area appeared to be more than 70 ha in 1998. However, the 
excavation in Dahr El Baidar for the same year reached around 165 ha. 

Keywords: Remote sensing, multitemporal, land cover, NDVI, threshold. 

Resumé: Trois images Landsat TM acquises à des dates différentes (juin de 1987, 1994 et 1998) ont 
été analysées afin de détecter les changements d�occupation du sol produits dans deux sites choisis 
(Hermel et Dahr El Baidar) au Liban. Les images ont été enregistrées pour une comparaison spatiale 
possible et ont été atmosphériquement corrigées en utilisant ATCOR2 du logiciel ERDAS-IMAGINE 
pour des processus analytiques supplémentaires. Une approche hybride a été conduite entre la 
classification multitemporelle non supervisée et l�indice de végétation afin de simplifier la détection 
des pixels qui ont changé et ceux qui n'ont pas changé. La classification a été effectuée sur les 12 
bandes de l�image (les bandes : 1, 2, 3, 4, 5 et 7 sont crées deux fois dans l�image) afin d�obtenir les 
changements possibles d�occupation du sol et d�éliminer ce qui n�est pas clair ou dû à l�effet des 
nuages. Un seuil de tolérance, le moyen plus le double de l�écart type a été appliqué sur l�image 
NDVI afin d�obtenir le 1er changement de l�image pour chaque année relatif à la 1ère référence 
(image 1987). Les images classées et multitemporelles ont été croisées avec les images changées 
afin de détecter là où le changement de l�occupation du sol a eu lieu. Les changements positifs et 
négatifs de l'occupation du sol ont été observés et analysés en fonction du type du changement. La 
réhabilitation des terrains pour l�agriculture dans la région de Hermel occupe plus que 70 hectares 
en 1998. Cependant, l�excavation dans Dahr El Baidar pour la même année a atteint 165 hectares a 
environ. 

Mots-clés : Télédétection, multitemporel, occupation du sol, indice de végétation, seuil. 

ȱ

Introduction 

InȱLebanon,ȱ likeȱmanyȱotherȱdevelopingȱcountries,ȱreliableȱdataȱonȱ landȱcoverȱareȱ incompleteȱ
forȱ longȱperiods,ȱespeciallyȱduringȱtheȱwar,ȱwhichȱmadeȱdataȱcollectionȱ inȱtheȱfieldȱextremelyȱ
difficult.ȱDrasticȱchangesȱinȱlandȱcoverȱhaveȱtakenȱplaceȱandȱareȱexpressedȱcertainlyȱbyȱchaoticȱ
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urbanȱexpansionȱ(e.g.ȱreachingȱinȱsomeȱcasesȱ80%ȱorȱmoreȱbetweenȱ1987ȱandȱ2000ȱinȱtheȱBekaaȱ
valley)ȱatȱ theȱexpenseȱofȱagriculture,ȱforestryȱ(decreaseȱ inȱvegetationȱcoverȱbyȱ40%ȱwithinȱ theȱ
sameȱarea)ȱandȱnaturalȱresourcesȱ(JomaaȱandȱKhawlie,ȱ2002;ȱMasriȱetȱal.,ȱ2002).ȱTheseȱchangesȱ
leadȱtoȱvariousȱenvironmentalȱstressȱprocesses,ȱinȱparticularȱtheȱlandȱdegradation,ȱasȱaȱresultȱofȱ
mildȱandȱgreenȱcoverȱdeteriorationȱ(BouȱKheirȱetȱal.,ȱ2001a,ȱb;ȱKhawlieȱetȱal.,ȱ2002).ȱTherefore,ȱ
thereȱ isȱaȱdefiniteȱandȱurgentȱneedȱ inȱLebanon,ȱ likeȱotherȱplacesȱofȱ theȱworld,ȱ forȱcontinuousȱ
upgradingȱofȱtheȱchangesȱoccurringȱinȱlandȱcover.ȱ

Inȱ thisȱ concern,ȱmultitemporalȱ satelliteȱ imagesȱ canȱ deliverȱ informationȱ inȱ aȱ timelyȱ andȱ costȱ
effectiveȱfashion,ȱwhichȱcanȱnotȱbeȱobtainedȱbyȱconventionalȱmethods.ȱAsȱwell,ȱtheȱ increasingȱ
relevanceȱofȱ remoteȱobservationsȱ asȱ aȱ toolȱ forȱ studying,ȱmonitoringȱ andȱmanagingȱ theȱ earthȱ
ecosystemȱleadsȱtoȱtheȱdevelopmentȱofȱnewȱenvironmentalȱmonitoringȱsystemsȱfromȱspace.ȱAsȱ
illustrated,ȱLANDSATȬ5ȱThematicȱMapperȱ(TM)ȱbandsȱareȱveryȱusefulȱinȱthisȱconcern,ȱnotablyȱ
toȱ induceȱ theȱ spectralȱ signaturesȱ ofȱ vegetationȱ (Casanova,ȱ 2000).ȱ Recordedȱ resultsȱ fromȱ
previousȱ studiesȱ haveȱ demonstratedȱ thatȱ itȱ isȱ feasibleȱ toȱ developȱ automatedȱ landȱ coverȱ
monitoringȱmethodologiesȱ(CoppinȱandȱBauer,ȱ1995;ȱEricȱandȱDaniels,ȱ1997;ȱCasanova,ȱ2000).ȱȱ

Anȱ efficientȱmonitoringȱmechanismȱ isȱ requiredȱ toȱ coverȱ theȱwholeȱ Lebanon,ȱ ofȱ aboutȱ oneȱ
millionȱhectares,ȱwhichȱ isȱmostlyȱruggedȱmountainousȱ terrainȱwithȱdifficultȱaccessibility.ȱThisȱ
paperȱisȱaȱcaseȱstudyȱthatȱfocusesȱonȱdetectingȱlandȱcoverȱchangeȱinȱtwoȱchosenȱsitesȱofȱLebanonȱ
byȱ usingȱ anȱ hybridȱ approachȱ combiningȱ multitemporalȱ unsupervisedȱ classificationȱ andȱ
Normalizedȱ Differenceȱ Vegetationȱ IndexȬdifferentialȱ (NDVIȬdifferential)ȱ appliedȱ onȱ threeȬ
landsatȱTMȱimages.ȱPreviousȱworksȱhaveȱprovedȱtheȱvalueȱofȱthisȱhybridȱapproachȱ(Lyonȱetȱal.,ȱ
1998).ȱ

Methodology 

Thisȱ studyȱwasȱdoneȱonȱ twoȱ chosenȱ sitesȱ inȱLebanon:ȱHermelȱareaȱandȱDahrȱElȱBaidarȱ areaȱ
(Figureȱ1).ȱHermelȱareaȱ isȱ locatedȱatȱ theȱnorthȱpartȱofȱ theȱBekaaȱvalley,ȱ theȱmostȱagriculturalȱ
zoneȱ inȱ Lebanonȱ andȱ isȱ consideredȱ atȱ theȱ sameȱ timeȱ amongȱ theȱ mostȱ proneȱ areasȱ toȱ
desertificationȱ (Nationalȱ Actionȱ Programȱ toȱ Combatȱ DesertificationȬLebaneseȱ Ministryȱ ofȱ
Agriculture,ȱ2003).ȱInȱthisȱarea,ȱfarmersȱareȱinvestingȱinȱrehabilitatingȱdifferentȱmarginalȱlandsȱ
forȱcultivationȱpurposes.ȱTheseȱemergedȱnewlyȱagriculturalȱareasȱneedȱmonitoringȱonȱfrequentȱ
basesȱ asȱ theyȱ couldȱ beȱ listedȱunderȱunsustainableȱ agriculturalȱpractices.ȱOnȱ theȱ otherȱ hand,ȱ
DahrȱElȱBaidarȱ isȱaȱmountainousȱareaȱ locatedȱatȱ theȱmidȱ roadȱbetweenȱBeirutȱandȱ theȱBekaaȱ
valleyȱconstitutedȱofȱlimestonesȱandȱdolomitesȱrocksȱthatȱareȱhighlyȱexcavatedȱforȱconstructionȱ
purposes.ȱDirectlyȱtoȱtheȱsouthȱofȱthisȱarea,ȱthereȱisȱtheȱlargestȱfamousȱcedarsȱforestȱinȱLebanon.ȱ
ThisȱledȱtheȱdifferentȱinstitutionsȱandȱtheȱnonȬenvironmentalȱorganizationsȱNGOȱtoȱthinkȱaboutȱ
aȱmonitoringȱ planȱ inȱ orderȱ toȱ reduceȱ theȱ expansionȱ ofȱ excavationsȱ forȱ environmentalȱ andȱ
touristicȱpurposes.ȱ

Severalȱ researchersȱ inȱ theȱworldȱ haveȱ attemptedȱ toȱ useȱ digitalȱ satelliteȱ dataȱ toȱ addressȱ theȱ
changeȱdetectionȱproblem.ȱTheyȱalsoȱstatedȱthatȱaccurateȱgeometricȱandȱatmosphericȱcorrectionsȱ
areȱneededȱbeforeȱmonitoringȱmultitemporalȱvegetationȱchangesȱandȱtrendsȱfromȱsatelliteȱdataȱ
(Nieuwenhuisȱetȱal.,ȱ1999).ȱSeveralȱproceduresȱofȱlandȱcoverȱchangeȱdetectionȱusingȱdigitalȱdataȱ
haveȱbeenȱproposedȱwhichȱcouldȱaidȱinȱupdatingȱresourcesȱinventories.ȱTheseȱmethodsȱincludeȱ
comparisonȱ ofȱ landȱ coverȱ classifications,ȱmultidateȱ classification,ȱ imageȱ differencing,ȱ imageȱ
rationing,ȱ vegetationȱ indexȱ differencing,ȱ principalȱ componentsȱ analysisȱ andȱ changeȱ vectorȱ
analysisȱ(Ashbindu,ȱ1989).ȱ



45 

Thisȱ studyȱ isȱ basedȱ onȱ threeȱLandsatȱTMȱ imagesȱ ofȱdifferentȱdatesȱ forȱLebanon:ȱ 30/06/1987,ȱ
30/06/1994ȱ andȱ 25/06/1998.ȱ Lateȱ Juneȱ imagesȱ wereȱ chosenȱ asȱ theyȱ areȱ freeȱ ofȱ clouds,ȱ theȱ
grasslandsȱstillȱgreenȱandȱtheȱdeciduousȱtreesȱrejuvenatedȱyoungȱ leavesȱasȱwellȱasȱtoȱworkȱ inȱ
theȱsameȱseasonalȱchangesȱbetweenȱtheȱdifferentȱscenes.ȱInȱfact,ȱtheȱchangeȱinȱlandȱcoverȱmustȱ
resultȱinȱchangesȱinȱradianceȱvaluesȱandȱchangesȱinȱradianceȱdueȱtoȱlandȱcoverȱchangeȱmustȱbeȱ
largeȱwithȱ respectȱ toȱ radianceȱchangesȱcausedȱbyȱotherȱ factorsȱ (Ashbindu,ȱ1989).ȱTheseȱotherȱ
factorsȱ include:ȱ (i)ȱ differencesȱ inȱ atmosphericȱ conditions,ȱ (ii)ȱ differencesȱ inȱ sunȱ angleȱ andȱ
differencesȱinȱsoilȱmoistureȱ(Jenson,ȱ1983).ȱTheȱimpactȱofȱtheseȱfactorsȱmayȱbeȱpartiallyȱreducedȱ
byȱselectingȱtheȱappropriateȱdata.ȱForȱexample,ȱlandsatȱdataȱbelongingȱtoȱtheȱsameȱtimeȱofȱtheȱ
yearȱmayȱreduceȱproblemsȱfromȱsunȱangleȱdifferencesȱandȱvegetationȱphenologyȱchanges.ȱ

ȱ
 Locations of the chosen study sites (Hermel and Daher El Baidar). 

Aȱ seriesȱ ofȱpreprocessingȱ operationsȱwasȱperformedȱ onȱ theȱ threeȱ images.ȱTheȱ firstȱ isȱ imageȱ
registrationȱandȱradiometricȱcalibrationȱ(Conghe,ȱ2001).ȱTheȱimageȱofȱ1987ȱwasȱregisteredȱandȱ
consideredȱasȱ theȱ referenceȱyearȱ forȱ theȱotherȱ imagesȱ toȱbeȱ registeredȱupon.ȱTheȱatmosphericȱ
correctionȱwasȱachievedȱbyȱusingȱATCOR2ȱȈATȱ(Atmosphere)ȬCORȱ(Correction)Ȉȱ(laboratoryȱofȱ
CIHEAMȬGreece),ȱ asȱ addȬonȱmoduleȱ toȱ theȱ imageȱ processingȱ softwareȱ ERDASȱ IMAGINE.ȱ
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ATCOR2ȱdetermines,ȱtheoretically,ȱtheȱradianceȱbyȱcalculatingȱtheȱphysicalȱcomponentsȱofȱtheȱ
atmosphereȱpresentȱatȱtheȱtimeȱofȱimageȱacquisition.ȱThisȱtypeȱofȱcorrectionȱrequiresȱtheȱinputȱ
ofȱ manyȱ parameters,ȱ mostȱ ofȱ whichȱ haveȱ toȱ beȱ estimatedȱ accordingȱ toȱ comparisonȱ withȱ
referenceȱ data.ȱ Theȱ 1987ȱ imageȱ wasȱ atmosphericallyȱ correctedȱ usingȱ constantȱ atmosphericȱ
conditionsȱ andȱ noȱ hazeȱ correction.ȱ Theȱ atmosphericȱmodelȱ usedȱwasȱmidȬlatitudeȱ summerȱ
atmosphere,ȱmaritimeȱaerosolsȱ(aridȱclimateȱatmosphere)ȱwithȱvisibilityȱofȱ45ȱkm.ȱForȱtheȱ1994ȱ
andȱ 1998ȱ images,ȱ similarȱ processingȱ techniquesȱwereȱ applied.ȱ Theȱ atmosphereȱ andȱ aerosolȱ
parametersȱwereȱfoundȱtoȱbeȱidenticalȱinȱallȱthreeȱimages.ȱHowever,ȱtheȱvisibilitiesȱforȱtheȱ1994ȱ
andȱ 1998ȱ imagesȱwereȱ 50ȱkm.ȱOnceȱ theȱ imagesȱ areȱbeingȱgenerated,ȱ additionalȱanalysisȱwasȱ
neededȱtoȱseparateȱthoseȱpixelsȱshowingȱchangeȱfromȱothers,ȱwhichȱdoȱnot.ȱ

Theȱ Normalizedȱ Differenceȱ Vegetationȱ Indexȱ (NDVI)ȱ wasȱ computedȱ forȱ eachȱ ofȱ theȱ threeȱ
images.ȱTheȱNDVIȱofȱ theȱreferenceȱscene,ȱ1987ȱwasȱsubtractedȱ fromȱ theȱNDVIȱobtainedȱ fromȱ
eachȱofȱotherȱtwoȱimagesȱ(Lyonȱetȱal.,ȱ1998)ȱtoȱaccomplishȱanȱNDVIȬdifferenceȱimage.ȱAsȱaȱfirstȱ
step,ȱtheȱchangeȱimagesȱ(areasȱofȱchangeȱinȱtheȱNDVI)ȱwereȱestablishedȱusingȱtheȱhistogramsȱofȱ
theȱNDVIȬdifferenceȱimagesȱandȱextractingȱtheȱpixelsȱthatȱfallȱinȱtheȱareaȱofȱtheȱmeanȱplusȱtheȱ
doubleȱofȱtheȱstandardȱdeviationȱ(Figureȱ2).ȱThisȱthresholdȱvalueȱwasȱselectedȱbasedȱonȱtestȱandȱ
trials.ȱ Inȱotherȱwords,ȱ theȱchangeȱ imageȱdemonstratesȱbothȱanȱ increaseȱandȱaȱdecreaseȱ inȱ theȱ
NDVIȱvalue.ȱPreviousȱstudiesȱarticulateȱthatȱpixelsȱshowingȱsignificantȱchangeȱareȱfoundȱinȱtheȱ
tailsȱ ofȱ theȱ histogramȱ distribution,ȱ whileȱ pixelsȱ showingȱ noȱ significantȱ changeȱ tendȱ toȱ beȱ
groupedȱaroundȱtheȱmeanȱ(Singh,ȱ1986).ȱAsȱaȱresultȱfromȱtheȱfirstȱstep,ȱtwoȱchangeȱimagesȱwereȱ
acquiredȱwhichȱtheyȱareȱbetweenȱtheȱreferenceȱyearȱ1987ȱandȱtheȱotherȱtwoȱyearsȱrespectivelyȱ
(1987Ȭ1994ȱandȱ1987Ȭ1998).ȱ

Theȱ secondȱ stepȱ wasȱ theȱ preparationȱ ofȱ multitemporalȱ unsupervisedȱ images.ȱ Theȱ directȱ
multidateȱ classificationȱmethodȱwasȱusedȱ toȱ establishȱ theȱunsupervisedȱ classificationȱ imagesȱ
whereȱ eachȱ twoȱ imagesȱ (1987+1994ȱ andȱ 1987+1998)ȱwereȱ superimposedȱ andȱ 12Ȭbandȱ imagesȱ
wereȱobtained.ȱTheyȱwereȱgeneratedȱoutȱofȱtheȱtwoȱsixȬbandȱimagesȱofȱdifferentȱdatesȱ(bandsȱ1,ȱ
2,ȱ3,ȱ4,ȱ5ȱandȱ7).ȱTheȱthermalȱbandȱwasȱexcluded.ȱTheȱunsupervisedȱclassificationȱproducedȱaȱsetȱ
ofȱ landȱ coverȱ classesȱ (locationsȱwhereȱ landȱ coverȱdidȱnotȱ changeȱbetweenȱdatesȱandȱaȱ setȱofȱ
changeȱclasses).ȱ

Asȱaȱthirdȱstep,ȱtheȱmultitemporalȱunsupervisedȱimagesȱandȱtheȱchangeȱimagesȱwereȱoverlaidȱ
usingȱ theȱ spatialȱmodelerȱ ofȱ theȱ imageȱ processingȱ softwareȱ (ERDAS).ȱAsȱ aȱ result,ȱ theȱ finalȱ
changesȱimagesȱ(1987+1994ȱandȱ1987+1998)ȱwereȱobtainedȱshowingȱtheȱareasȱwhereȱaȱvaluableȱ
changeȱinȱNDVIȱhadȱoccurredȱeitherȱpositiveȱorȱnegative.ȱ

Results and Discussion 

MultitemporalȱunsupervisedȱclassificationȱandȱNDVIȱdifferencingȱhaveȱbeenȱusedȱinȱthisȱstudyȱ
toȱinvestigateȱtheȱlandȱcoverȱchanges.ȱTheȱunsupervisedȱclassificationȱproducedȱaȱclassȬtoȬclassȱ
changeȱmapȱandȱitȱwasȱveryȱcomplexȱmethodȱinvolvingȱmanyȱclasses:ȱ(i)ȱnoȱchange;ȱ(ii)ȱpossibleȱ
changeȱinȱforest;ȱ(iii)ȱpossibleȱchangeȱinȱagriculture;ȱ(iv)ȱpossibleȱchangeȱinȱsoil;ȱ(v)ȱchangeȱfromȱ
forestȱtoȱagricultureȱorȱsoilȱorȱwater,ȱ(vi)ȱchangeȱfromȱagricultureȱtoȱforestȱorȱsoilȱorȱwater,ȱ(vii)ȱ
changeȱ fromȱ soilȱ toȱ forestȱ orȱ agricultureȱ orȱ water,ȱ (viii)ȱ changeȱ fromȱ waterȱ toȱ forestȱ orȱ
agricultureȱorȱsoil.ȱInȱthisȱclassification,ȱspectralȱchangesȱwithinȱoneȱmultispectralȱimageȱcannotȱ
beȱeasilyȱseparatedȱfromȱtemporalȱchangesȱbetweenȱimagesȱbecauseȱtemporalȱandȱtheȱspectralȱ
featuresȱhaveȱequalȱstatusȱinȱtheȱcombinedȱdataȱset.ȱThisȱleadȱusȱtoȱuseȱtheȱvegetationȱindicesȱ
differencingȱ (NDVIȬdifferencing)ȱ withȱ theȱ thresholdȱ techniqueȱ inȱ orderȱ toȱ delineateȱ theȱ
vegetationȱ changeȱ areas.ȱTheȱ efficiencyȱ ofȱNDVIȱ inȱdetectingȱ changesȱwasȱprovedȱ byȱmanyȱ
researchersȱ(Lyonȱetȱal.,ȱ1998;ȱRossȱandȱChristopher,ȱ1999).ȱȱ
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ȱ
 Histogram of the image resulted from the difference between the NDVI of the year 1987 

and that of the year 1984. 

Theȱ imagesȱresultingȱfromȱtheseȱtwoȱproceduresȱ(unsupervisedȱclassificationȱandȱthresholdȱofȱ
theȱNDVIȱ differencing)ȱwereȱ comparedȱ inȱ orderȱ toȱ identifyȱ theȱ typeȱ ofȱ landȱ coverȱ changesȱ
eitherȱpositiveȱorȱnegative.ȱPositiveȱchangesȱ inȱNDVIȱareȱ theȱareasȱ thatȱwitnessedȱ theȱnormalȱ
cultivation,ȱlandȱrehabilitationȱforȱagricultureȱpurposes,ȱreforestationȱorȱprotection.ȱAtȱleastȱ70ȱ
haȱofȱ landȱ inȱnorthȱBekaa,ȱHermelȱ area,ȱwereȱ rehabilitatedȱ andȱusedȱ forȱ agricultureȱ inȱ 1998ȱ
(Figureȱ3).ȱTheȱ imageȱofȱ1998ȱ showedȱaȱsignificantȱ increaseȱ inȱNDVIȱwithȱ respectȱ toȱ theȱ twoȱ
otherȱimagesȱ(1987ȱandȱ1994).ȱ

ȱ
 Positive change in NDVI, land rehabilitation in Hermel area. 
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Onȱtheȱotherȱhands,ȱnegativeȱchangesȱinȱNDVIȱareȱmainlyȱtheȱresultȱofȱquarriesȱandȱexcavationsȱ
asȱwellȱasȱdeforestation.ȱ165ȱhaȱofȱDahrȱElȱBaidarȱwereȱchangedȱdueȱtoȱtheȱpresenceȱofȱlotsȱofȱ
quarriesȱinȱ1998ȱ(Figureȱ4)ȱwhileȱinȱ1994,ȱ40ȱhaȱexcavationsȱwereȱappearedȱwithȱrespectȱtoȱtheȱ
imageȱofȱ1987.ȱ

ȱ
 Negative change in NDVI, land degradation through quarrying in Dahr El Baidar area. 

Conclusion 

Remoteȱsensingȱanalysisȱofȱlandȱcoverȱchangeȱatȱcountryȱscaleȱhasȱmanyȱadvantages.ȱItȱleadsȱtoȱ
upgradeȱonȱ frequentȱbasisȱ theȱdifferentȱmapsȱofȱ landȱcoverȱchangeȱofȱ theȱLebaneseȱ territory.ȱ
Successiveȱmonitoringȱalsoȱrevealsȱ theȱspatialȱandȱ temporalȱpatternsȱofȱchanges,ȱandȱhelpsȱ toȱ
understandȱ theȱ processesȱ behindȱ that.ȱ Thus,ȱ theȱ causesȱ ofȱ changeȱ couldȱ beȱ studiedȱ andȱ
analyzedȱaccordingly.ȱMoreover,ȱtheȱrateȱofȱchangeȱcouldȱbeȱbroughtȱandȱtransportedȱonȱyearlyȱ
basesȱforȱtheȱdecisionȱmakers.ȱ

ThisȱstudyȱsuffersȱtheȱabsenceȱofȱspatiallyȱhighȬresolutionȱimages,ȱwhichȱlimitsȱtheȱaccuracyȱofȱ
changeȬdetectionȱmeasurements.ȱAlthough,ȱ theȱ imagesȱhadȱ30Ȭmeterȱresolution,ȱ itȱwasȱsimpleȱ
toȱrecognizeȱtheȱtypeȱofȱlandȱcoverȱchange.ȱOnȱtheȱotherȱhand,ȱfieldȱverificationȱforȱtheȱtypeȱofȱ
changesȱisȱrequired.ȱ
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