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ABSTRACT

Rapidandunplannedurbanizationpresentsaformidablechallengetosustainableurbangrowthinmost
developingcountries.ThisstudyappliesGeographicInformationSystem(GIS)andremotesensing
toolstoquantifylanduseandlandcoverchangeinthecoastal,economicallyimportantdistrictof
Khoms,Libya.Thestudyrevealeda16%peryearlong-termhistoricurbangrowthrate,leadingtoan
urbanizationincreaseof658%fromjust800hain1976to6,067hain2015overthe40-yearanalysis
period.Qualitativeevaluationofsatelliteimagesshoweddevastatingimpactsonbothterrestrialand
marineecosystemsthroughbroadscaleclearingofforestsandothernativeareasforagricultureand
urbandevelopment,andthroughreclamationoftheMediterraneanSeaduringtheconstructionof
anavalbaseandportatKhomsCity.Anintegratedapproachthatexploresofarangeofinnovative
approachestoaddresssustainabledevelopmentissuesfacedbyKhomsDistrictandothersimilarfast
growingbutenvironmentallyfragiledevelopingcountrylocationsisrecommended.
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INTRoDUCTIoN

Urbanizationisoneofthemostimportantlandconversionprocessesaroundtheworld(Haaseet
al.,2018).Conventionalwisdomhas it thathighpopulationgrowth rate is themajorunderlying
driverbehindtherapidgrowthofcities(Jatetal.,2008;UNEP2010).Thestandardwayofthinking
abouturbanizationisthatpeoplewilldriftfromruraltourbanareasinsearchofbettereconomic
opportunities,accesstoinfrastructureandimprovedsocialservices(Adepoju,2018).Asthisdrift
occurs,theconsumptionofresourcesincitiesisexpectedtomorethandoublefrom40billiontons
in2010toanunsustainablelevelof90billiontonsin2050,accordingtoarecentstudybytheIRP
(2018).Today,urbanareasarehometo55%oftheworld’stotalpopulation,withAfricacontributing
13%ofthe4.2billionglobalurbanpopulation(UN-DESA,2018).

There is an undeniable close correlation between urbanization and the three dimensions of
sustainabledevelopment:economic,socialandenvironmental(CobbinahandErdiaw-Kwasie,2018;
UN-DESA,2018;Yanetal.,2018;Lawrence,2019).Ontheonehand,well-plannedurbanization
canimprovelivingconditionsofcitydwellers,createanenablingenvironmentforsocio-economic
development,andenablegrowthofthemiddleclass(Kayizzi-Mugerwa,2014;Zhouetal.,2015).
Numerouscasestudiesexistwherecitieshaveimprovedsustainabilityandenhancedthepositive
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impactsofurbandevelopmentthroughstrategicplanningtoolsandgreenplansthatfocusonkey
sustainabilitytargetareassuchclimatechangeandenergy,landandwaterconservation,publicspaces,
airqualitymanagement,wastemanagement,andmobility(seeforexample,Yigitcanlar,2008;Shen
etal.,2011).Ontheotherhand,negativeconsequencesofrapidandunplannedurbanizationare
widespreadandwelldocumentedinbothdevelopedanddevelopingcountries.Forexample,early
urbanizationexperiencesinthe1930sand1940sindevelopedcountriessuchastheUnitedKingdom
andtheUnitedStatessawthewidespreaddestructionandconversionoffarmlandstourbanareas
(Firman,1997).Similarly,recentstudieshavedocumentedunplannedlandconversionandurban
developmentchallengesexperiencedinmanydevelopingcountrycities,includingthedeteriorationof
publicservices,propagationofslumsandtheinformalsector,saltwaterintrusionofcoastalaquifers,
environmentalimpactsonriparianandcoastalhabitats,andwidespreadurbanpoverty(UNEP,2010;
Kayizzi-Mugerwa,2014).

Otherwidelycitedproblemsresultingfromuncontrolledurbanizationandunsustainableland
usechangepractices includedecayingofurbaninfrastructure,uncontrollablegrowthof informal
settlements, climate change, loss of agricultural land, air pollution, traffic congestion, and the
destructionofecosystems(Huangetal.,2009;Youssefetal.,2011;Zhouetal.,2015;Shenetal.,
2017).Infact,thestudybyVerburgetal.(2006)identifiesurbanizationasoneoftheleadingthreats
totheeliminationandeventualextinctionoflargenumbersofnativespeciesoflivingorganisms.
InSteylandDennis(2010),asignificantdropinthewatertableandconsequentseawaterintrusion
experiencedintheNorthAfricancoastalcountriesofLibya,Tunisia,Algeria,MoroccoandEgypt
hasbeenattributed to landconversion factors that include rapidurbanization, agriculturalwater
consumption,andperiodicdroughts.Giventhismultiplicityofimpacts,thereisgrowinginterestin
usinggeospatialtechnologiesinresearchtohelpmapandmonitorbothspatialandtemporalland
conversiontrends,especiallyinurbanareas.

GeographicInformationSystem(GIS)andremotesensingtoolshavebeenwidelyusedtomap
andmonitorlandcoverchangeandanalyzeurbangrowth(Epsteinetal.,2002;YangandLiu,2005;
HaackandRafter,2006;MallupattuandReddy,2013;RawatandKumar,2015;Lvetal.,2018).The
NationalAeronauticsandSpaceAdministration(NASA)Landsatsatellitedataseriesisapopular
choiceforsuchchangedetectionstudiesbecauseofefficiencyinprovidingasynopticviewofan
areaofinterest,repeatedcoverageoverlargeareas,lowercostsincomparisontohigherresolution
multispectralsensors,andpublicavailabilityofhistoricalarchiveimagery(Zhangetal.,2014).There
isneedforcomprehensiveunderstandingofbothtemporalandspatialdynamicsoflandusechange
andhumanactivities,inadditiontolandusechangedrivers(ZhaoandMurayama,2011;Dadras
etal.,2014).Well-establishedtechniquesthathavebeenappliedtoanalyzeurbanchangeinclude
image-to-image,map-to-map,andpost-classificationcomparison(Greenetal.,1994;YangandLo,
2003;HaackandRafter,2006;Zhangetal.,2014;Mahboobetal.,2015;Joshietal.,2016).Built-up
areaindiceshavealsobeenestimatedusingtimeconsuming,expensive,butaccuratetechniquessuch
asheadsupdigitizing,pointsampling,andpatternrecognitionapproachessuchassupervisedand
unsupervisedclassification,andknowledge-basedexpertsystemapproaches(Epsteinetal.,2002;
Sugumaranetal.,2003;LuandWeng,2005;MundiaandAniya,2005).

Controllingurbanizationandlandchangetoachievesustainabledevelopmentrequiresaccurate
and reliable information abouturbangrowthpatterns and trends; however, attaining this goal is
stillaformidablechallengeinmostdevelopingcountries(JiangandYao,2010;Arsanjani,2011).
Urbanexpansion indevelopingcountries tends to followgrowthpatterns thataredifferent from
developedcountries,(Gillham,2002;HelbichandLeitner,2010).Consequently,thelocationand
quantificationoflandusechangeisthemainissuethatneedsaddressingforbetterunderstandingof
urbangrowthindevelopingandrapidlychangingenvironments(AlsharifandPradhan,2014).This
isespeciallytruefortheNorthAfricannationofLibya,wherethemyriadofissuesassociatedwith
rapidlyurbanizingcoastalareasinclude:overexploitationofnaturalresources;unplannedhousing
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