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ȱ

Abstract: Undoubtedly, vegetation is one of the most sensitive indicators of environmental and 
global change. Aside from the expected seasonal variations, it reveals how human activities, such as 
deforestation and urbanization, are having a serious effect on ecosystem characteristics. Today, 
space-based platforms provide us with a considerable amount of information. In this study, the 
Advanced Very High Resolution Radiometer (AVHRR), precisely LAC/HRPT data, were used to 
monitor vegetation change in the Mediterranean. Pre-processing of satellite images prior to image 
classification was performed. Two change detection techniques were tested using NOAA-AVHRR 
images for detecting areas of changes in the eastern region of the Mediterranean. The change 
detection techniques considered were Vegetation Indices (VI) differencing and Multidate 
Unsupervised Classification (MUC). The Vegetation Indices (VI) used  in  this  study  were  the  
Normalized  Difference  Vegetation  Index (NDVI) and the Soil Adjusted Vegetation Index (SAVI) 
which  have  proved to be good indicators of vegetation vigour. The significant changes identified 
from the images taken between 1989 and 2002 were found to be similar when the two different 
techniques (VI differencing and MUC) were applied. Most of the changes occurred in bare soil areas 
converted to agricultural lands. 

Keywords: Land cover, change detection, support decision-making, NOAA�AVHRR. 

Resumé: Sans aucun doute, la végétation est un des indicateurs les plus sensibles de changement 
environnemental et global. À part des variations saisonnières attendues, elle révèle comment des 
activités humaines, comme le déboisement et l'urbanisation, ont un effet sérieux sur des 
caractéristiques d'écosystème. Aujourd'hui, des plates-formes d'espace nous fournissent une somme 
considérable d'information. Dans cette étude, the Advanced Very High Resolution Radiometer 
(AVHRR), précisément les données LAC/HRPT, ont été utilisées pour détecter le changement de 
végétation en Méditerranée. Le prétraitement d'images satellites avant la classification d'image a été 
exécuté. Deux techniques de détection de changement ont été évaluées utilisant NOAA-AVHRR des 
images pour détecter les secteurs de changements de la région orientale de la Méditerranée. Les 
techniques de détection de changement considérées étaient : Végétation Indices differencing et la 
classification multitemporelle non surveillée (MUC). Les indices de végétation (VI) utilisés dans cette 
étude étaient the Normalized Difference  Vegetation Index (NDVI) et le Soil Adjusted Vegetation 
Index (SAVI) qui se sont avérés être les bons indicateurs de végétation. Les changements significatifs 
identifiés à partir des images prises entre 1989 et 2002 étaient semblables dans les deux techniques 
différentes appliquées (VI differencing et MUC). La plupart des changements sont arrivés dans des 
secteurs de sol nus convertis aux sols agricoles. 

Mots-clés : La couverture de terre, détection de changement, soutient du processus décisionnel, 
NOAA � AVHRR. 

ȱ
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Introduction 

Nowadays,ȱitȱisȱwellȱacceptedȱthatȱtheȱfutureȱofȱtheȱEarthȱisȱthreatenedȱdueȱtoȱtheȱdegradationȱ
ofȱ ecosystems,ȱ theȱ lossȱ ofȱ biodiversityȱ andȱ theȱ irrationalȱ useȱ ofȱ naturalȱ resources.ȱ Theseȱ
processesȱareȱveryȱpronouncedȱinȱtheȱMediterraneanȱbasinȱwhereȱfragileȱecosystemsȱresultȱfromȱ
theȱ confluenceȱ ofȱ naturalȱ andȱ anthropogenicȱ factors,ȱ leadingȱ toȱ erosion,ȱ desertification,ȱ
deforestation,ȱovergrazing,ȱoverpopulationȱandȱurbanȱindustrialȱpollutionȱ(KhreimȱandȱLacazeȱ
1997).ȱAsȱ aȱ resultȱ ofȱ theȱ aforementioned,ȱ theȱMediterraneanȱ regionȱ isȱ currentlyȱ undergoingȱ
rapid,ȱwideȬrangingȱchangesȱinȱlandȱcover.ȱȱ

Remoteȱsensingȱprovidesȱaȱviableȱsourceȱofȱdataȱ fromȱwhichȱupdatedȱ landȬcoverȱ informationȱ
canȱ beȱ extractedȱ efficientlyȱ andȱ cheaplyȱ inȱ orderȱ toȱmonitorȱ theseȱ changesȱ effectively.ȱThus,ȱ
remotelyȱsensedȱdataȱcanȱbeȱappliedȱ toȱdetectȱchangesȱbecauseȱofȱrepetitiveȱcoverageȱatȱshortȱ
intervalsȱ andȱ consistentȱ imageȱ quality.ȱTheȱ basicȱ premisesȱ inȱ usingȱ remoteȱ sensingȱdataȱ forȱ
changeȱdetectionȱisȱthatȱchangesȱinȱlandȱcoverȱresultȱinȱchangesȱinȱradianceȱvaluesȱ(Mas,ȱ1999).ȱ

Satelliteȱsensorsȱareȱsensitiveȱtoȱvegetationȱdifferencesȱandȱvariations,ȱespeciallyȱinȱtheȱinfraredȱ
partȱofȱ theȱ spectrum.ȱTimeȱ seriesȱAVHRRȱdataȱhaveȱ theȱpotentialȱ toȱextractȱ largeȱ landȱcoverȱ
changeȱareasȱ (TateishiȱandȱPark,ȱ1999).ȱDetectingȱchangeȱ fromȱsatelliteȱ imageryȱ isȱbasedȱonȱaȱ
temporalȱ comparisonȱ ofȱ twoȱ orȱmoreȱ images,ȱ recordedȱ someȱ yearsȱ apart.ȱ Theseȱ imagesȱ areȱ
georeferencedȱandȱthenȱprocessedȱtoȱhighlightȱchange.ȱ

Theȱ aimȱ ofȱ thisȱworkȱwasȱ toȱ detectȱ landȱ coverȱ changesȱ inȱ theȱ EasternȱMediterraneanȱ onȱ aȱ
regionalȱscaleȱbyȱusingȱNOAAȬAVHRRȱimagesȱforȱtheȱperiodȱ1989Ȭ2002.ȱTheȱspecificȱobjectivesȱ
were:ȱȱ

Üȱ toȱ investigateȱ theȱ useȱ ofȱ Vegetationȱ Indicesȱ (VI),ȱ namelyȱ theȱ Normalizedȱ ȱ Differenceȱȱ
Vegetationȱ ȱ Indexȱ (NDVI)ȱandȱ theȱSoilȱAdjustedȱVegetationȱ Indexȱ (SAVI),ȱ toȱdetectȱ landȱ
coverȱchangeȱonȱaȱregionalȱscale;ȱ

Üȱ toȱ investigateȱ theȱ useȱ ofȱ Multidateȱ Unsupervisedȱ Classificationȱ (MUC)ȱ ȱ forȱ theȱ sameȱ
purpose;ȱandȱ

Üȱ toȱ integrateȱ theȱ twoȱ techniquesȱ (VIȱdifferencingȱandȱMUC)ȱ toȱdetectȱpermanentȱ changesȱ
andȱȱinterȬannualȱseasonalȱchanges.ȱ

Data Characteristics Įnd Pre-Processing 

Theȱ AVHRRȱ isȱ aȱ broadȬband,ȱ fourȱ orȱ fiveȬchannelȱ scannerȱ thatȱ sensesȱ inȱ theȱ visible,ȱ nearȱ
infrared,ȱandȱthermalȱinfraredȱportionsȱofȱtheȱelectromagneticȱspectrum.ȱThisȱsensorȱisȱcarriedȱ
onȱboardȱNOAA�sȱPolarȱOrbitingȱEnvironmentalȱSatellites.ȱTheȱaverageȱ instantaneousȱfieldȱofȱ
viewȱ(IFOV)ȱofȱ1.4ȱmiliradiansȱyieldsȱaȱLAC/HRPTȱgroundȱresolutionȱofȱapproximatelyȱ1.1ȱkmȱ
atȱtheȱsatelliteȱnadir.ȱ

Theȱdataȱ acquisitionȱ consistedȱofȱ importingȱoriginalȱNOAAȬAVHRRȱ imagesȱ takenȱ eachȱyearȱ
fromȱ1989ȱtoȱ2002ȱforȱthreeȱdifferentȱmonths.ȱFebruary,ȱMarchȱandȱAugustȱwereȱconsideredȱtoȱ
beȱtheȱmostȱappropriateȱperiodsȱtoȱdetectȱvegetationȱchangeȱinȱtheȱdifferentȱpartsȱofȱtheȱstudyȱ
area.ȱVisualȱ selectionȱofȱ theȱ imagesȱwasȱperformed.ȱAllȱ theȱnightȱ imagesȱwereȱdiscarded,ȱ asȱ
wellȱasȱthoseȱofȱbadȱqualityȱ(cloudy,ȱnoisy,ȱnightȱimages,ȱ4ȱkmȱimages).ȱHowever,ȱsomeȱcloudyȱ
imagesȱwereȱkeptȱinȱorderȱtoȱbeȱcompositedȱlaterȱon.ȱInȱtotal,ȱthirtyȬthreeȱimagesȱwereȱselected.ȱ

Theȱ preȬprocessingȱ ofȱ satelliteȱ imagesȱ priorȱ toȱ imageȱ classificationȱ andȱ changeȱ detectionȱ isȱ
essential.ȱ Itȱ commonlyȱ comprisesȱ aȱ seriesȱ ofȱ sequentialȱ operations,ȱ includingȱ radiometricȱ
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correction,ȱimageȱregistrationȱandȱgeometricȱcorrection.ȱCalibrationȱandȱradiometricȱcorrectionȱ
ofȱtheȱimagesȱwasȱperformedȱusingȱtheȱgainȱandȱoffsetȱasȱwellȱasȱtheȱsunȱzenithȱangle.ȱEachȱofȱ
theȱimages,ȱforȱtheȱmonthsȱofȱFebruary,ȱMarch,ȱandȱAugust,ȱstartingȱfromȱ1989ȱuntilȱ2002,ȱwasȱ
registeredȱ usingȱ oneȱ referenceȱ imageȱ forȱ eachȱ month.ȱ Firstȱ order,ȱ groundȱ controlȱ pointȱ
collectionȱ andȱ nearestȱ neighbourȱ resamplingȱ ofȱ theȱ uncorrectedȱ imageryȱwasȱ performed.ȱ Inȱ
mostȱ ofȱ theȱ cases,ȱNOAAȱ scenesȱ coveredȱ anȱ areaȱ largerȱ thanȱ theȱ areaȱ ofȱ interest.ȱ Inȱ theseȱ
instances,ȱtheȱimageȱfileȱwasȱsubsetȱtoȱincludeȱonlyȱtheȱstudyȱarea.ȱȱ

Theȱ studyȱ areaȱ (upperȱ leftȱ 42N,ȱ 22E,ȱ andȱ lowerȱ rightȱ 25N,ȱ 43E)ȱ includedȱ Lebanon,ȱ Syria,ȱ
Cyprus,ȱTurkey,ȱNorthȱEgyptȱ andȱpartȱofȱGreece.ȱTheȱMaximumȱValueȱCompositeȱofȱNDVIȱ
(Holben,ȱ1986)ȱwasȱappliedȱ toȱ theȱmonthsȱ thatȱhadȱmoreȱ thanȱoneȱ imageȱ inȱ theȱsameȱyearȱ inȱ
orderȱtoȱeliminateȱcloudȱcoverȱoverȱtheȱareaȱofȱinterestȱandȱtoȱcompleteȱmissingȱpartsȱfromȱtheȱ
studyȱarea.ȱFigureȱ1ȱshowsȱtheȱflowchartȱthatȱwasȱfollowedȱinȱthisȱwork.ȱ

 Eastern Mediterranean Land Cover Change Detection, 1989-2002 
Procedural Flowchart 

Pre-processing, subsetting and georeferencing of the images 

Application of the maximum value composite of NDVI to the images 

Application of VI Differencing to all images 

Thresholding of VI difference images to detect potential changes 

Multidate Unsupervised Classification

Integration of the 2 techniques (VI Differencing and Multidate Unsupervised 
Classification) to detect permanent changes and seasonal inter-annual 

changes  
ȱ

 Flowchart of the methodology 

Methodology 

Theȱchangeȱdetectionȱstudyȱ includedȱtheȱ integrationȱofȱtheȱtwoȱmethodsȱ(VIȱDifferencingȱandȱ
MUC)ȱ inȱ orderȱ toȱ detectȱ permanentȱ orȱ semiȬpermanentȱ changesȱ andȱ seasonalȱ interȬannualȱ
changes.ȱȱ

Method 1: VI Differencing 

Vegetationȱ indicesȱ frequentlyȱ representȱ differentȱ combinationsȱ betweenȱ redȱ (R)ȱ andȱ nearȱ
infraredȱ (NIR)ȱ channels.ȱ Theseȱ channelsȱ oftenȱ containȱ moreȱ thanȱ 90%ȱ ofȱ theȱ informationȱ
relatingȱ toȱ vegetationȱ (Bannariȱ etȱ al.,ȱ 1995).ȱ Theyȱ representȱ quantitativeȱmeasurementsȱ thatȱ
showȱ betterȱ sensitivityȱ thanȱ individualȱ spectralȱ bandsȱ andȱ thusȱ allowȱ aȱ moreȱ accurateȱ
assessmentȱofȱtheȱvegetation�sȱvigourȱ(Asrarȱetȱal.,ȱ1984).ȱTheȱvegetationȱ indicesȱusedȱ ȱinȱ ȱthisȱȱ
studyȱȱwereȱȱNDVIȱandȱSAVIȱwhichȱȱhaveȱȱprovedȱtoȱbeȱgoodȱindicatorsȱȱofȱȱvegetationȱvigour.ȱ
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NDVIȱ(Rouseȱetȱal.,ȱ1974)ȱwasȱcalculatedȱfromȱtheȱformula:ȱNDVIȱ=ȱ(Bandȱ2ȱ�ȱBandȱ1)ȱ/ȱ(Bandȱ2ȱ
+ȱBandȱ1).ȱȱSAVIȱ(Huete,ȱ1988)ȱwasȱcalculatedȱfrom:ȱSAVIȱ=ȱ(Bandȱ2ȱ�ȱBandȱ1)ȱ*ȱ(1ȱ+ȱL)ȱ/ȱ(Bandȱ2ȱ
+ȱBandȱ1ȱ+ȱL).ȱLȱisȱanȱadjustmentȱfactorȱforȱsoilȱthatȱcanȱrangeȱbetweenȱ0ȱandȱ1ȱandȱinȱthisȱstudyȱ
itȱwasȱ setȱ atȱ 0.5.ȱ Imageȱdifferencingȱ (Mas,ȱ 1999)ȱ consistedȱofȱ subtractingȱoneȱVIȱ imageȱ fromȱ
another.ȱVIȱ imagesȱwereȱ subtractedȱ toȱdetermineȱ changesȱ inȱ theȱpixelȱvaluesȱoverȱ time.ȱTheȱ
meanȱ andȱ standardȱ deviationsȱ ofȱ eachȱ datasetȱwereȱ usedȱ toȱ determineȱ thresholdȱ valuesȱ forȱ
change.ȱTheȱthresholdȱpointȱwasȱsetȱatȱ1.5ȱstandardȱdeviations.ȱTherefore,ȱtheȱareaȱbetweenȱtheȱ
meanȱ±ȱ1.5ȱstandardȱdeviationsȱwasȱconsideredȱ toȱ representȱnoȱchange,ȱ theȱareaȱaboveȱ thisȱaȱ
positiveȱchange,ȱandȱtheȱareaȱbelowȱthisȱaȱnegativeȱchange.ȱ

Method 2: Multidate unsupervised classification 

Multidateȱunsupervisedȱclassificationȱwasȱappliedȱ toȱ theȱ imagesȱofȱ interest.ȱSuchȱaȱmethodȱ isȱ
basedȱ onȱ aȱ singleȱ analysisȱ ofȱ aȱ combinedȱdataȱ setȱofȱ twoȱ orȱmoreȱdatesȱ toȱ identifyȱ areasȱ ofȱ
change.ȱInȱaȱtwoȬdateȱNOAAȱdataȱsetȱwithȱitsȱfiveȱbands,ȱaȱdataȱsetȱofȱtenȱbandsȱwasȱproducedȱ
andȱ thenȱ classifiedȱ inȱ anȱ unsupervisedȱmodeȱ usingȱ theȱ ISODATAȱ algorithmȱ (Jensen,ȱ 1996).ȱ
Inspectionȱofȱtheȱclassificationȱresultsȱwasȱimportantȱforȱlabellingȱallȱtheȱpossibleȱcombinationsȱ
ofȱtheȱfollowingȱclasses:ȱforest,ȱagriculture,ȱbareȱsoil,ȱcloudȱandȱwater.ȱȱ

Detection of Land cover change: integration of the two techniques 

Aȱ matrixȱ ofȱ change/noȱ changeȱ wasȱ constructedȱ withȱ theȱ multidateȱ classificationȱ classes,ȱ
wherebyȱeachȱclassȱofȱchangeȱorȱpossibleȱchangeȱwasȱassignedȱaȱcode.ȱByȱ integratingȱtheȱtwoȱ
changeȱ techniques,ȱ multidateȱ classificationȱ andȱ VIȱ differencing,ȱ aȱ newȱ detectionȱ mapȱ wasȱ
obtainedȱ inȱ whichȱ eachȱ changeȱ detectedȱ inȱ theȱ VIȱ differencingȱ imageȱ wasȱ assignedȱ theȱ
multidateȱ classificationȱ code.ȱ Theȱ changesȱ attributedȱ toȱ cloudȱ orȱ noȱ dataȱwereȱ eliminated.ȱ
Furthermore,ȱareasȱofȱchangeȱinȱtheȱimageȱdifferencingȱthatȱappearedȱasȱareasȱofȱnoȱchangeȱinȱ
theȱunsupervisedȱmultidateȱ classificationȱ (forestȬforest,ȱ agricultureȬagriculture,ȱ soilȬsoil)ȱwereȱ
consideredȱ toȱbeȱpossibleȱ changes.ȱVisualȱ analysisȱofȱ theȱ changeȱdetectionȱ integratedȱ image,ȱ
togetherȱwithȱthatȱofȱtheȱappropriateȱRGBȱAVHRRȱimages,ȱwasȱperformed.ȱInȱthisȱway,ȱitȱwasȱ
possibleȱtoȱdiscardȱsomeȱchangesȱbecauseȱvisuallyȱtheyȱwereȱnotȱidentifiedȱasȱrealȱchanges.ȱTheȱ
remainingȱchangesȱobservedȱwereȱkeptȱandȱreȬlabelled.ȱThisȱalsoȱmeant,ȱforȱexample,ȱthatȱinterȬ
annualȱseasonalȱchangesȱinȱagricultureȬagricultureȱorȱsoilȬwaterȱcouldȱbeȱkept.ȱȱ

Major Results and Discussion 

Theȱsignificantȱchangesȱdetectedȱfromȱtheȱimagesȱtakenȱbetweenȱ1989ȱandȱ2002ȱwereȱsimilarȱinȱ
theȱ twoȱ differentȱ techniquesȱ applied,ȱ usingȱ theȱ twoȱ differentȱ vegetationȱ indicesȱ (NDVIȱ andȱ
SAVI).ȱMostȱofȱtheȱchangesȱoccurredȱinȱbareȱsoilȱareasȱconvertedȱtoȱagriculturalȱlands.ȱThisȱwasȱ
dueȱ toȱnewȱ irrigationȱ infrastructuresȱwhichȱcameȱ intoȱexistenceȱafterȱ theȱconstructionȱofȱnewȱ
dams.ȱAnȱadditionalȱ217ȱ000ȱhectaresȱofȱagriculturalȱ landȱ inȱTurkeyȱwereȱfoundȱtoȱhaveȱbeenȱ
transformedȱfromȱbareȱsoilȱbetweenȱ1992ȱandȱ1999,ȱandȱ inȱSyriaȱanotherȱ449ȱ000ȱhaȱhadȱbeenȱ
convertedȱfromȱagriculturalȱlandȱtoȱbareȱsoilȱbetweenȱ1990ȱandȱ1991,ȱalthoughȱthisȱcouldȱhaveȱ
beenȱdueȱtoȱinterȬannualȱclimateȱvariability.ȱMoreover,ȱlandsȱconvertedȱfromȱbareȱtoȱwetlandsȱ
wereȱdetectedȱbetweenȱ1990ȱandȱ1996ȱafterȱaȱseriesȱofȱsmallȱwaterȱharvestingȱplantsȱhadȱbeenȱ
builtȱ toȱ collectȱ rainfall.ȱAdditionally,ȱ aȱ slightȱ vegetationȱ expansionȱwasȱmappedȱ inȱ theȱ areaȱ
locatedȱnorthȬwestȱofȱtheȱNile,ȱpossiblyȱdueȱtoȱtheȱexpansionȱofȱirrigatedȱagriculture.ȱTheȱmajorȱ
changesȱwereȱvisuallyȱassessedȱbyȱresearchersȱfromȱtheȱdifferentȱMediterraneanȱcountries.ȱȱ
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General Conclusions  

ThisȱstudyȱdemonstratedȱtheȱuseȱofȱNOAAȬAVHRRȱimageryȱforȱdetectingȱlandȱcoverȱchangeȱonȱ
aȱregionalȱscaleȱinȱtheȱEasternȱpartȱofȱtheȱMediterranean.ȱItȱalsoȱdemonstratedȱthat:ȱ

Üȱ vegetationȱindicesȱsuchȱasȱNDVIȱandȱSAVI,ȱprovedȱcapableȱofȱdetectingȱlandȱcoverȱchangeȱ
usingȱNOAAȬAVHRRȱdataȱinȱtheȱEasternȱMediterranean;ȱȱ

Üȱ MultidateȱUnsupervisedȱClassificationȱ alsoȱprovedȱ toȱbeȱ aȱgoodȱ techniqueȱ forȱ theȱ sameȱ
purposeȱasȱabove;ȱandȱ

Üȱ theȱintegrationȱofȱtheȱtwoȱtechniquesȱ(VIȱdifferencingȱandȱMUC)ȱforȱtheȱdetectionȱofȱlandȱ
coverȱchangeȱ resultedȱ inȱ theȱdelineationȱofȱpermanentȱchangesȱandȱseasonalȱ interannualȱ
changes.ȱ

Inȱgeneral,ȱtheȱmajorȱresultsȱobtainedȱinȱthisȱstudyȱshowedȱthatȱmostȱofȱtheȱchangesȱoccurredȱinȱ
bareȱsoilȱareasȱconvertedȱtoȱagriculturalȱ land.ȱAlthoughȱaȱformalȱaccuracyȱassessmentȱhasȱnotȱ
beenȱperformedȱdueȱ toȱ lackȱofȱdigitalȱ referencesȱandȱ lackȱofȱvisitsȱ toȱ theȱ sitesȱofȱ interest,ȱ theȱ
finalȱproductsȱwereȱveryȱcloseȱtoȱwhatȱeachȱauthorȱhasȱobservedȱinȱhisȱcountry.ȱ
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