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ABSTRACT

Thehigh-frequencymobilityofamassivepopulationhascausedanenormousinfluenceontheurban
internalstructure,whichisunabletobedescribedbytraditionaldatasources.Whilerecentadvances
inlocation-basedtechnologiesprovidesnewopportunitiesforresearcherstounderstanddailyhuman
movementsandthestructureasawhole.Thearticleaimstoexplorehumanspatialmovementsand
theiraggregatedistributioninShanghaiusinglarge-scalecellphonedata.Thetrajectoryofeach
individualisextractedfromcellphonedataafterdatacleansing.Then,anindicatorsystemwhich
includesmobilityintensity,mobilitystability,influentialrange,andtemporalvariationisdeveloped
todescribecollectivehumanmobilityfeaturesincensustractsscale.Finally,spatialelementsare
extractedusingtheindicatorsystemandthestructureofhumanmobilityinShanghaiisdiscussed.
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INTRoDUCTIoN

Withthedevelopmentoftrafficinformationtechnologyandaccelerationoflifeandworkrhythm,
thehigh-frequencymobilityofmassivepopulationhascausedenormous influenceon theurban
internalstructure,whichhasbroughtanewchallengetourbanspatialpolicy.Howtomeasurethe
intensityofhumanmobilityandexplainitsdynamicstructureisofgreatsignificancetounderstand
thelawofintra-urbandynamicstructureandsupportreal-timepopulationmanagement.Traditional
populationsurveyssuchasnationalcensusesareconductedeverytenyears,whichreflectonlylong-
termchanges.Whilehumanactivitiesoftenresultinlarge-scalepopulationmovementswithinashort
period.Suchrapidandirregularchangesinurbanspaceexceedthescopeoftraditionalcensusdata,
andthuschallengepopulationmanagementinrecentyears.Howtodescribe,measureandevaluate
collectivehumanmobilityinurbanspace?Doesthedistributionofhumanbehaviorfitintotheurban
spatialform?Thesetwoproblemsaredifficulttobesolvedwiththetraditionalurbanstructuremodel
andstaticspatialanalysismethod.

Thedevelopingsuccessionoftheurbanspatialstructureisinfluencednotonlybytheexternal
influencesoftheregion’snaturalandhumanisticenvironmentbutalsobyfactorssuchasinternal
divisionof functionsand landuse.Relative researcheshave reachedaconsiderabledepth in the
evolution and morphology of urban spatial structure with a series of empirical research by like
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Zhang(2001),WangandSun(2011),andLee(2007).However,limitedbytheresearchdataand
methods,thereisalwaysacertaindistancebetweenmacroscopicscalestructureandtherealhuman
behavior.Whetheroururbanstructureconformstothereallawofurbanlife,thereisn’taquantitative
explanationthatcanbegenerallyaccepted.

Intheeraofbigdata,anincreasinglybroadarrayofuser-generateddatalikecellphonedata
derived from location-based services and the Global Positioning System (GPS) provides new
possibilitiestoanalyzehumanbehaviorandtheirspatialdistribution.Mobilepositioningbigdata
haveopeneduptheinteractionbetweenhumanbehaviorandurbanspatialstructure,whichnotonly
enablesquantitativeanalysisofurbanstructureundergreaterspatialandtemporalgranularity,but
alsobreaksthelong-termresearchbarrierof“interpretingspacewithspace”,revealingthespatiallaw
behindcomplexformofthecityfromtheperspectiveofcollectivehumanactivity.Relativeresearch
hasprovedthatthecellphonedatacanbeusedtoidentifythesedailyactivities,suchascommuting,
traveling,andthewholespace-timepath(Ahasetal.,2015;Widhalmetal.,2015;Phithakkitnukoon
etal.,2010;Songetal.,2010;Doyleetal.,2014).However,cellphonedatastillhavegreatpotential
thatneedstobeexploitedtoadvancehumanbehaviorstudiesfurther.

Therefore,thepaperaimstoexploreurbanspatialstructurefromtheperspectiveofcollective
humanmobility.Two-weekcell phonedataof 2Gusers inShanghai areused.By revealing the
intensity,stability,spatialinfluenceandtemporalvariationofdailyhumanmobility,weextracted
spatialelementsandconcludedthemintoaspatialstructure.Theremainderofthispaperisorganized
asfollows.“LiteratureReview”givesapanoramaofrelevantresearchontheurbanstructureand
humanbehavior.Inthepartof“Methodology”,adetailedintroductiontohowcellphonedatacanbe
appliedtourbanspatialstructureresearchisdescribed.Section4illustratestheresultsofthecasestudy
performed,whichshowscollectivehumanbehaviorinShanghai.InSection5,thepaperdiscusses
abouttheresultsandpossibilitiesforapplication.Thefinalpartpresentsaconclusionofthisarticle
andprovidesinsightsforfurtherresearch.Theresultscanprovideareferencefortheformulationof
urbanspacepolicyandpopulationmanagementstrategy.

LITERATURE REVIEw

Definition of Human Mobility
InChina,humanmobilitytendstobeconfusedwithpopulationmobilitysincetheChinesehousehold
registrationsystemmakesthemovementsofpeoplemorecomplicatedthanothercountries.Definitions
inrelevantresearchescanbedividedintothreetypes.First,“PopulationMigration”,whichisdefined
asmovementthatcrossestheboundariesofcertainjurisdictions,usuallybringschangesinhousehold
registration(Zhao,2005).Then,“PopulationMovement”,whichisreferredtothechangeofresidence
orworkingplacewithinacertainperiod,includesshort-term,long-termandpermanentrelocation
(Zhaoetal,2013).Thirdly,“HumanFlow/Mobility”,whichisdefinedasresidents’locationalchanges
inashortperiod,usuallyoccursinsidethecityandcontinuouslychangesovertime(Wenetal.,2000;
Kwanetal.,2008).Thelastconceptismoreclosedto“humanmobility”inthisresearch.

Human Mobility Researches Based on Traditional Data
Spatialfeaturesofhumanmobilityarealwaysanessentialtopicinthefieldofpopulationgeography
andurbanplanning.Gainingspatial-temporalinformationofresidents’travelbehavioristhebasicstep
oftheseresearches.Tripsurveydataandactivity-daily-recorddataarethetwomaindatasources.For
example,Panetal.(2009)andZhangetal.(2008)usedtripsurveydatatoexploreresidents’travel
patternsinShanghaiandBeijing.Kwan(1998)andShawetal.(2000)usedactivity-daily-record
datatoshowspecificindividualtravelinformationwithinthecitylikecommutingandshopping.

Based on these two types of data, researchers focus on the description of individual travel
patterns,theexplanationsofdecision-makingmechanisms,andthebuildofacomprehensiveactivity
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