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ABSTRACT

Do largecities suffer fromanevengreater incidenceofcrime?According to theUrbanScaling
Theory,thenumberofcrimescommittedmayfollowasuperlinearrelationshipasafunctionofthe
populationsizeofcity.Forexample,ifthepopulationsizeincreasesby100%,theincidenceofcrime
mayincreaseby120%.Weanalyzedatotalof11typesofcrimeswhichhadoccurredinabout250
citieswithmorethan100,000inhabitantsintheUnitedStatesduringtheperiodof1995-2010.We
foundthattherelationshipbetweenthenumberofcrimescountsandthepopulationsizeofcities
havefollowedasuperlinearpowerfunctionwithoutexceptioninall176cases.However,significant
variationsexistamongthesuperlinearrelationsbytypesofcrime.Wealsofoundthatthevaluesof
scaleexponentsdisplaytime-invariantpatternduringthe16-yearperiod.
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INTRodUCTIoN

Is the relationshipbetweenpopulation sizeof city and thenumberof crimes superlinear? If so,
doublingthepopulationsizeofacitywillmorethandoublethenumberofcrimes.Moreprecisely,
whatistheextentofsuchincreaseinthenumberofcrimeswhenthepopulationsizedoubles?Do
differenttypesofcrimedisplaydifferentpatternsofincrease?Also,doincreasingpatternsofcrime
varybydifferenttimeperiodsofanalysis?Thesearesomeofthequestionswetrytoexamineinthis
paper.Foranoverallframeworkofanalysis,weareguidedbytheUrbanScalingTheory,whichwas
recentlydevelopedbyurbanscholars(Bettencourtetal.,2007a;2007b;2010;Bettencourt,2013).
Thepopulationsizeofcitiestypicallyrangesfromhundredstomillionsofpeople.Therearemany
moresmallcitiesthanbigcities,andthisscalingreflectscompetitionforresources.

Whencitiesareviewedaslivingorganisms(Deckeretetal.,2000;Deckeretetal.,2007;Samaniego
&Moses,2008)orcityecosystems(Glaeser&Gottlieb2009;Florida,2004;Fuzitaetal.,2001;
Segal,1976;Henderson,2007),citieschangeshapeasthepopulationsizeincreases.Forexample,
theeconomicoutputandthewealthofacitygrowfasterthanlinearly.Thefastersuperlineargrowth
ofeconomicoutputmaybeduetothenumberofpotentialhumaninteractionsinbiggercitieswhich
increasesexponentially.Forinstance,ithasbeensuggestedthatthenumberofpotentialinteractions
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mayincreaseasthesquareofthepopulationfollowingMetcalf’slaw.Inshort,theseeconomicoutputs
maybeproportionaltosocialinteractionsincities.

Thus,Bettencourtetal.,(2007a)proposethesuperlinearscalingrelationforsocialactivities
underlyingthecreationofwealth,productivityandideas.Forexample,theyhavepresentedempirical
evidenceofmeasuresthatshowpositiveimpacts,suchasnewpatents,inventors,R&Demployment,
andGDPtofollowthesuperlinearrelationshipasafunctionofpopulationsize.Atthesametime,
increasing number of social interactions from bigger cities also contributes to the superlinear
relationshipofthosesocialandenvironmentalmeasures,whichareusuallyviewedasnegative.They
includemeasures,suchascrime,infectiousdiseases,congestion,poverty,andetc.Inotherwords,
bothpositiveandnegativeimpactsfromincreasingsocialinteractionsincitiesareexpectedtodisplay
thesuperlinearrelationship.

Ontheotherhand,thereareothermeasuressuchasthelengthofroadinacity,whichgrows
slowerthantheincreaseinpopulationsize.Thesemeasuresthatdealwithmaterialinfrastructure
andnetwork,suchasthenumberofgasolinestationsorlengthofelectriccable,displaythesublinear
relation(Wattetal.,2002;Kleinberg,2001)

Finally,anothergroupofperformancemeasureswhichincreaselinearlyasafunctionof the
city’spopulationsizehasbeenidentified.Thesemeasuresdealprimarilywithneedsofindividuals
inacity.Theypresentedempiricalevidenceonsuchmeasuresbasedontherateofemployment,
householdelectricityandwaterconsumption.

Thegeneralquantitativerelationshipbetweensocioeconomicmeasures(Y),topopulationsize
ofcities(N)isexpressedbyasimplepowerfunctionof:

Y(t)=AN(t)b (1)

WhereN(t)ispopulationattimet,AisaconstantindependentofN(t),andbisthescaling
exponent.Whentherelationshipissuperlinear,b>1,andwhentherelationshipissublinear,b<1.
Thelinearrelationshipiswhenb=1.

Themostinterestingpropositionisthatthevalueofthesuperlinearscaleexponentisapproximately
1.15,whereasthevalueofthesublinearexponentisapproximately0.85to0.8.Inotherwords,both
superlinearandsublinearrelationsmayfollowa0.15rulewhichimplya121.9percentageincrease
ordecreaseofperformancemeasuresupondoublingofpopulationsize1.“Remarkably,thesegeneral
increasingreturnstopopulationsizemanifest,onaverage,thesamestatisticalrelationship(the~15%
rule)acrossanextraordinarybroadrangeofmetrics,regardlessofnationortime”2.

However,itshouldbeacknowledgedthatBettencourt’sscalingmodelisnotfullyacceptedyet
byacademiccommunityofsocialscientistsforseveralreasons(Sahoo&Gstach,2011;Sardasht
&Saheb.2016).Manyobjectstheuseofasimplebivariateequationtorepresentthedynamicsof
complexsocialphenomenonsuchascrime,congestion,orpoverty,etc.Anotherreasonisthatthe
scalingmodelisnotsupportedbycomprehensivedataanalysiscoveringmultiyearsandmulticities.
Thisbeingthefirstpaper,weplantoaddmoreempiricaldataforcomprehensiveanalysis,leaving
themultivariateandthepaneldataanalysistoafuturepaper.

Therefore,thebasicobjectiveofourresearchistoconductamoredetailedempiricalanalysis
toprovidefurtherevidencetotestthesuperlinearpropositiononcrimecountsandcity’spopulation
sizethatBettencourtetal.haveadvanced.Morespecifically,wealsoplantotestwhether.15rule
doesindeedapplyinthecaseofnumberofcrimevs.populationsize.

Theoriginalempiricalevidenceonthenumberofcrimesandthepopulationsizeofcitiesprovided
byBettencourt,etal.(2007A)wasbasedonlyononestudyonseriouscrimesoccurringintheU.S.
in2003.Theyhaveexaminedthescalingrelationbetweencrimevs.populationsizefor287cities
usingthesamepowerfunctionmodel.Theyhavediscoveredthesuperlinearexponentof1.16withR2
of0.89.Morerecently,anotherstudyonviolentcrimeinBrazilwiththesuperlinearexponentof1.2
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