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ABSTRACT

Theworkexplorestheuseofstreetnetworkanalysisoninformalsettlementsanddiscussesthepotential
and limitationsof thismethodology toadvancedisaster risk reductionandurbanresilience.The
urbannetworkanalysistoolisusedtoconductgraphanalysismeasuresonstreetnetworksinthree
informalsettlementsintheLACregion:Portmore,Jamaica;Tegucigalpa,Honduras;andLima,Peru.
Authorsincorporateriskvariablesidentifiedbythesecommunitiesandcombinethemwithprospective
scenariosinwhichstreetnetworksarestrategicallyintervenedtoimproveperformance.Authorsalso
computeonegraphindexnamedReachcentrality.Resultsarepresentedspatiallythroughthematic
maps,andstatisticallybyplottingcumulativedistributions.Findingsshowthatcentralitymeasures
ofsettlements’networkshelpedidentifykeynodesorroadsthatmaybecriticalforpeople’sdailylife
afterdisasters,andstrategictoimproveaccessibility.Theproposedmethodologyshowspotentialto
informdecisionsonurbanplanninganddisasterriskreduction.
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INTRoDUCTIoN

Street Network Analysis for Informal Settlements
Withhalfoftheworld’spopulationlivingincitiesnowadays,andanothertwobillionpeopleexpected
tomoveintourbanareasinthenexttwodecades,thepressuresofrapidanduncontrolledurbanization
canmeanthatcarefulurbanplanningismoredifficulttodaythanever.TheUnitedNationsHuman
SettlementsProgramme(UN-Habitat)estimates thatChinawillneed tobuildnewcities for350
millionpeopleinthenext20years,andoverthesameperiod,250millionnewurbandwellersare
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expectedinIndiaand380millioninAfrica(UN-Habitat,2016).Compliancewithurbanregulations
andzoningarebeingomittedincomplexprocessessuchasthosepresentedbyinformalsettlements,
whereabout880millionpeoplecurrentlylive:106millionintheLatinAmericaandtheCaribbean
(LAC)region(UN-Habitat,2016).Itisconsideredthat70percentoftoday’surbangrowthoccurs
withoutthebenefitofformalplanningprocesses,andmaybeforthatreasoninformalsettlementsare
consideredthemostcommonformofurbanizationontheplanet(Davis,2006).Thisalsoimplies
thatifthesetrendsdonotchange,theinefficienciesofcontemporarycitiesmaybecomethenorm
in thefuture(Daniels,2011).Suchscenariocanbehinderedalsobyanaccelerateddisaster risk
creation(DRC)—fasterthandisasterriskreduction(DRR)—,asrootcausesanddriversofinformal
settlementsandvulnerabilityoftenleavepeoplewithnootherchoicebuttooccupyhazard-exposed
areas(sometimestheonlyavailableforthepoor)whiledevoidofbasicurbanservices(Lewis&
Kelman,2012).

ResearchersoftheCityFormResearchGroupattheMITSchoolofArchitecture&Planning
(SA+P)haverecentlycreatedanewsetofsimulationtoolsthatoffersurbananalystsandcityplanners
abetterunderstandingofhowthespatialpatternsofcitiesaffectpeople’smobilityandaccessibility.
Improvingpeople’smobilitywithincitiesandmakingcity’spotentialsaccessibletoalliscriticalfor
anequalaccesstoopportunitiesandurbanjustice(UN-Habitat,2003,2016),aswellasformaking
citiessaferandresilient.Byusingmathematicalnetworkanalysismethodsfromgraphtheories,the
UrbanNetworkAnalysis(UNA)toolexaminesurbannetworkscentralityandredundancy,whileit
offerstopolicymakersadetailedlookathowtheirdecisionswouldshapedifferentaspectsofurban
development,suchaswheretrafficislikelytobehighestandonwhichstreetslocalcommerceismost
likelytoflourish(Daniels,2011).Inthissense,thispaperaimstoexplorethegapbetweenformal
andinformalurbanizationprocessesthroughtheabove-mentionedsimulationtool,whilesupporting
localgovernments,anddevelopmentandcommunityorganizations’planningdecisions.

ThispaperbasesontheevaluationoftheUrbanDRRprogrammingcarriedoutinLatinAmerica
andtheCaribbeanbySarmientoetal.(2018),supportedbytheUnitedStatesAgencyforInternational
Development’sOfficeofU.S.ForeignDisasterAssistance(USAID/OFDA).Theevaluationconducted
between2017and2018focusedontheassessmentofeightprojectsfundedbyUSAIDwhichapplied
theNeighborhoodApproachforDRR(NA-DRR)whichseektofindpracticalandworkablesolutions
forDRRindenselypopulatedinformalurbansettlementsinColombia,Guatemala,Haiti,Honduras,
Jamaica,andPeru.Basedonthedataavailabilityforthisstudy,authorshaveselectedthreesettlements
toanalyzeeachstreetnetworkandurbanaccessibilityusingtheUNAtool:JoséArturo(J.A.)Duarte
inTegucigalpa,Honduras,LeticiainLima,Peru,andNaggoHeadinPortmore,Jamaica.Particularly,
authorsconductedagraphcentralitymeasurenamedReachcentrality.Moreover, to studyurban
networksandhowthesecanbeaffectedundercertainriskscenarios,authorsincorporatedisaster
riskvariablesidentifiedbythesecommunitiessuchasfloodsandlandslidesareas.Likewise,authors
alsocombinesuchanalyseswithprospectivescenariosinwhichurbannetworksarestrategically
intervenedtoimproveneighbors’mobility.

Thepurposeofthisworkis,ontheonehand,toofferreflectionsonthepotentialuseofthe
UNAtoolincharacterizinginformalsettlements,specificallyonhowdographcentralitymeasures
(i.e.,Reach)performwithindelimitedinformalneighborhoods,andontheotherhand,toexplore
howtheseresultscanbeusefultoinformdecisionsonurbanplanninganddisasterriskreductionin
informalandprecarioussettlements.

Confrontinghowrigidformalplanningprocessesandstateapparatustendtoproduceinformality
isthefirststeptodealwithinformalurbanization(Roy,2005).Thisalsoimpliestoleavebehindthe
ideathatinformalsettlementsareunplannableandtheoppositetoformal,asthesewereaseemingly
natural phenomenon that is external to those studying it and managing it (Mitchell, 2002). Yet,
studyingthespatialconfigurationofcitiesandtheirassociatedsocial,economic,andenvironmental
processeshasbeengenerallyidentifiedwiththeanalysisof‘formal’urbancontexts(Boeing,2018).
Moreover,urbannetworkanalysestendfocusonmetropolitanandcityscalesassmallsamplesizes
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canlimittherepresentativenessandreliabilityoffindings,andaremorecommonforurbandesign,
publictransport,andcommercialanalyses(Boeing,2017;Sevtsuk,2014).

The analysis of urban networks in informal settlements has been generally focused on the
interactionsofsuchsettlementswiththerestofthecity,eitheranalyzingtheuseofresources(Omenya,
2007),accesstoopportunities(OviedoHernandez&Dávila,2016),orroadnetworkconnectivity
andproximity(Sirueri,2015).Inthisrespect,itisimportanttolookatnetworkperformanceand
mobilityat theneighborhoodscale in informal settlements for two reasons.First, theprecarious
circumstancesoftheseself-organizedsettlementsarenotonlyreflectedinthequalityofmaterialsand
modesofoccupancy,buttheyalsoontheprecariousnessofurbanservicesandthebuiltenvironment
(Sarmientoetal.,2018).Second,nationalandlocalauthoritiesoftendonothavepertinentandreliable
dataoninformalsettlementstoinformdecisionmakinginurbanplanninganddisasterriskreduction.
Ontheonehand,intensivedisasterslikethosetriggeredbyearthquakesthreatpeopleininformal
settlementsgenerallybecausetheylackadequatehousingandmitigationmeasures,sometimesdue
totheinabilityofemergencyservicestoaccesstheseareas,orsimplybecausesafetylocationsand
hazardsarenotproperlyidentified.Ontheotherhand,extensivedisasters—i.e.,low-severity,high-
frequencyhazardousevents—candeteriorateurbannetworksandinterruptdailylife,exacerbating
poverty, uncontrolled urbanization and environmental degradation (UNISDR, 2011). Likewise,
the generalized lack of representative and standardized demographic and spatial information on
theconditionsofmanyinformalsettlementsposesanother‘threat’(Sandoval&Sarmiento,2018),
asinsufficientinformationcanleadtoinadequateplanningdecisionsandmayaffectdisasterrisk
management.Hence,thisstudydrawsuponexistingsurveydataonresidentiallanduseandhazards
intheselectedneighborhoods,providedbylocalresidentsandinternationalNGOs,whichitallows
authorstoconstructhazardandprospectivescenarios.Inthisway,theauthorscombinetraditional
graphcentralitymeasureswithdisasterriskvariablesattheneighborhoodscale.

Atthemethodologicallevel,thisstudyisgroundedintheintersectionbetweenurbanplanningand
graphtheory,complementedbydisasterstudies.AccordingtoTaylor(1998),urbanplanningrefersto
aprocessofdesignanddevelopmentofland-useinanurbanenvironment,thisincludesthephysical
layoutofhumansettlementsandurbanservicessuchasair,water,sewage,energy,transportation,
amongothers.Asamultidimensionalprocess,urbanplanningencompassesamultiplicityofactors
from awide range of sectors, from public to private, including non-governmental organizations
(NGOs).Urbanplanningisgenerallytiedtopolitical,economic,andsocialprocesses,havingpeople’s
welfareasitsprincipalconcern.Throughoutthehistoryofcities,theprocessofurbanplanninghas
evolvedtosatisfypeople’sneedsaswellastoreflecttheaspirationsofdifferentsocieties.Tothe
extentthatcitieswereexpanding,differentinstitutionsandlegalframeworkssuchaslaws,codes,
andalonglistofregulationshavebeencreatedtosupportthecoexistenceofdifferentgroupsof
peopleandactivities,andtoimproveurbanlife.Thisentanglementofwell-establishedinstitutional
formsencompasseswhatRoy (2005,p.147)considers the“formalorderofurbanization”, from
wheredifferentactorsdesignanddevelopcities.However,withtheacceleratedgrowthanddramatic
expansionofcitiesduringthetwentieth-firstcentury,especiallyinthedevelopingworld,anot-new
andyetcontemporarymodeofurbanizationchallengedformalorders:informalsettlements.Although
informalurbanizationshouldnotberealizedastheoppositetoformalurbanization,thisincludes
processesofurbanplanning,informalityisoftenconsideredlyingoutsideofurbanplanning’srealm
ofcontrol(Roy,2005).

Inresponsetosocialandtransportdisadvantages,andtheinsufficiencyofpublicinvestments
incertainurbanareas,peopleinLatinAmericaresorttoinformalalternativestoaddresstheirneeds
toaccesstransport,employmentandhousing.AccordingtoPorteretal.(2011),thereisastrong
relationshipbetweenformalityand informalitydeterminedbyconstant ‘transactions’ in termsof
spatial,economicandsocial linkages thatmark thenotionof informalityasasystemthat isnot
externaltoformalsystems,butthatisinsteadaconsequenceofformalstructures,andthatisusually
strongly related to accepted formal set of rules and settings. Informality in this context will be
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exploredinawidersense,beinginterpretedasalogicoforganizationthatreformpractices,norms
andrulesleadingtourbantransformations(Roy&AlSayyad,2004).Since2003,UN-Habitatdefines
informalsettlementsasresidentialareaswhere1)inhabitantshavenosecurityoftenurevis-à-visthe
landordwellingstheyinhabit,withmodalitiesrangingfromsquattingtoinformalrentalhousing,
2)theneighborhoodsusuallylack,orarecutofffrom,basicservicesandcityinfrastructureand3)
thehousingmaynotcomplywithcurrentplanningandbuildingregulations,andisoftensituatedin
geographicallyandenvironmentallyhazardousareas(UN-Habitat,2015).Slumsarethemostdeprived
andexcludedformof informalsettlementscharacterizedbypovertyand largeagglomerationsof
dilapidatedhousingoftenlocatedinthemosthazardousurbanland.

AccordingtoGrahamandMarvin(2001),patternsofprovisionofinfrastructureandnetworks
oftransportandcommunicationstendtoproduce‘premiumnetworkedspaces’forthewealthywhile
bypassingless-powerfulgroups(Graham&Marvin,2001).Inthisprocessofproductionofurban
spaces,certainsocialgroupsandgeographicareasexperience“povertyofconnections”(Ohnmacht
etal.,2009,p.31),asaresultofcontinuousimprovementofconnectivityofcentralareas,whileless
profitableareasandgroups“tendtogetincreasinglydisconnected,bypassedbyinfrastructureand
socio-culturalinvestment”.SuchisthecaseofslumsinmanycitiesoftheGlobalSouth,which,in
additiontotenureinsecurity,lackformalsupplyofbasicinfrastructureandservices,publicspaceand
greenareas,andareconstantlysubjecttoeviction,diseaseandviolence(UN-Habitat,2003,2015,
2016).Asaresult,thecycleofsegregationandspatialconcentrationofopportunitiesisstrengthened,
increasinglyrepresentingabarrierforlessslumdwellerstointeractwiththerestofsociety.Roy
(2005)arguesthatinformalitycanbeinterpretedasastateofexceptionfromtheformalsystemof
urbanizationthatcanpotentiallyalleviatesomeofthevulnerabilitiesoftheurbanpoor.Underthis
interpretation,theargumentofGrahamandMarvin(2001)alsoincorporatesthenotionof‘resistance
strategies’whichcanencompassparallelnetworksofurbaninfrastructures,servicesandopportunities
thatbecomepartofthesetofnodesandconnectionsthatmightincreasetheabilityofsegregated
groupswithlimitedpowertoextendtheirinfluenceinspace.

Inrelationtothestudyofurbannetworks,graphtheoryprovidesvaluedinsightstocharacterizethe
keylocationsandnodeswithinanetwork,whichisconceptuallycoherentwithnotionsofsplintering
urbanism,segregatedandhigh-valuenodes.AsarguedbyRamaswamietal.(2016),suchunderstanding
ofurbannetworkscancontributetothedevelopmentofsmartandinter-connectedcities,addressing
challengesatdifferentscalesanddealingwiththecomplexitiesofthemulti-scalarandmulti-sectoral
natureofurbandevelopment.Examplesofnetworkanalysisofurban infrastructures indifferent
contextsintheGlobalSouthhaveledtonewunderstandingsoftheroleofinnovationsandforms
ofgovernanceandcoordinationinfillinggapsininfrastructurenetworksinunplannedsettlements
(Criqui,2015).Moreover,recentresearchhighlightstheroleofurbannetworksinthedevelopment
ofcommunicationandcooperationstrategiesthatenableincrementalurbanismindeprivedurban
areas,linkingphysicaldensitiesofthebuiltenvironmentwithsocialandinstitutionalnetworksthat
cancontributetofurtherdevelopment(Dovey,2016).Similartechniquesincludenetworkcentrality,
orthestudyofcentralitiesinanetwork.Centralitymeasuresaimtoidentifykeyverticeswithina
graph(Freeman,1978),whiletheirapplicationsincludesolvingtheproblemofstoppingepidemic
(Michalaketal.,2013),identifyingkeyinfluencersduringelections(Sudhaharetal.,2015),orfor
analyzingaccessibilityinurbannetworksandcriticalinfrastructure(Derrible,2012;A.Sevtsuk,2014;
Stergiopoulosetal.,2015).Asthedefinitionof‘central’variesbycontextandpurpose,thereare
differentdimensionsofcentrality,someoftheminclude:degree,closenessandbetweennesscentrality
(whichisrelativetotherestofnetwork),amongothers.Inthispaper,theauthorsconcentrateonthe
studyofnetworkcentralityattheneighborhoodscale,particularlyoninformalsettlements.Forthis
reason,thedecisionwastoutilizeonlyonedistinctivemeasurenameReachcentrality.Thistypeof
spatialaccessibilitymeasureistypicallyusedtoestimatethequalitiesofalocation’saccessibilitythat
areattributabletostreetnetworkdesigns.Moreover,thismeasureissensitivetoland-usepatterns,
includingdensities,asbuildingsandparcelscanbeweighted.Inthefollowingsection,theauthors
detailtheuseofthisgraphmeasurefortheobjectiveofthisstudy.
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METHoDoLoGy

The three informal settlements —i.e., J.A. Duarte (Honduras), Leticia (Peru), and Naggo Head
(Jamaica)— were selected for this study based on the availability of information provided by
internationalNGOsinthecontextofaperformanceevaluationcarriedoutbySarmientoetal.(2018),
requestedbyUSAID/OFDA.GOALGlobal(Ireland)providedspatialandsurveydataforthecaseof
J.A.Duarte,aninformalsettlementinTegucigalpa,thecapitalofHonduras.COOPI(Cooperazione
Internazionale,Italy)sharedinformationforthecaseofLeticiainRímac,aconsolidatedsettlement
inLima,Peru.AndHabitatforHumanity(HfH)providedspatialanddemographicaldataforNaggo
Head,aninformalsettlementlocatedinPortmore,adormitory-cityneartoKingstoninJamaica.Figure
1displaystheneighborhood’slocations,theirlandplotsorparceldistribution,andstreetnetworks.
According to theNGOs, streetnetwork’sdatapointswerecollected throughGPSdeviceswhile
hazards’locationswerecollectedbyparticipatorymethodssuchparticipatorymapping.Inaddition
tothesegroundcontrolpoints,theauthorsutilizelow-resolutionimageriestocontroltheprovided
data.Table1showsthespatialinformationofthethreeselectedneighborhoods.

Tocalculatenetworkcentralityinthethreeselectedsettlements,ArcGIS10.3andtheUrban
NetworkAnalysis(UNA)toolkitv.1.01areused.StatisticalmeasureswereperformedusingRlanguage
onRStudiov.1.1.453.TheUNAtoolhasbeenselectedbecauseitincorporatesthreeimportantfeatures

Figure 1. Locations, parcel distributions, and street networks. Source: Authors, 2019.

Table 1. Spatial information of the three selected neighborhoods

Neighborhoods

J.A. Duarte Leticia Naggo Head

Network length (meters) 24,944 12,552 8,513

Number of parcels 787 1,151 325

Total area of parcels (Sq. meters) 123,114 101,517 119,571

Source: Authors, 2019
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thatmakeitsuitableforspatialnetworkanalysisofinformalsettlements.First,itaccountsforboth
geometryandtopologyintheinputnetworks,usingeithermetricdistance(e.g.,meters)ortopological
distance(e.g.,turns)asimpedancefactorsintheanalysis.Second,unlikepreviousinstrumentsthat
operatewithtwonetworkelements(i.e.,nodesandedges),theUNAtoolincludesathirdtypeof
networkelementsthatareusedasthespatialunitsofanalysisforallmeasures:buildingsorparcels.And
third,theUNAtooloptionallyallowbuildingsorparcelstobeweightedaccordingtotheirparticular
characteristics—morevoluminousorlarger,morepopulated,orotherwisemoreimportantbuildings
canbespecifiedtohaveaproportionatelystrongereffectontheanalysisoutcomes,yieldingmore
accurateandreliableresultstoanyofthespecifiedmeasures(Sevtsuketal.,2013).Thisstudydoes
notutilizeweightsasparticularcharacteristicsofeachbuildingandparcelintheselectedsettlements
aremissing,oronlyaveragedatawasprovidedbytheNGOsandSarmientoetal.(2018).

TheUNAallowstocomputefivetypesofgraphanalysismeasuresonspatialnetworks:Reach;
Gravity;Betweenness;Closeness;andStraightness,althoughthestudybasesononlyone:Reach.
Thisstudyhasexcludedothermeasuresbecausethese,especiallyGravityandBetweenness,areoften
usedtoestimatethepotentialofpassersbyatdifferentbuildingsonthenetwork(Freeman,1977).
Althoughthesemeasurescanbehighlyusefulfornetworkanalysesrelatedtocommerceandpublic
transportation,wehaveestimatedthattheydonotnecessarilyworkwhenweanalyzeanurbannetwork
withoutpublictransportationortheweightofbuildingsandparcelsaredifficulttoestimate,asitis
thecaseininformalsettlements.Moreover,Reachcentralitymeasureistypicallyusedtoestimatethe
qualitiesofalocation’saccessibilitythatareattributabletostreetnetworkdesigns.Forthesereasons,
thisspatialaccessibilitymeasureseemstobethemostappropriatedtoconductapreliminaryattempt
tocharacterizeinformalsettlements’streetnetworks,andwiththat,toplanprospectiveinterventions
toimprovesuchaccessibilityandresilienceunderdisasterscenarios.

Reachcentrality(Sevtsuk,2010)captureshowmanysurroundingplotseachparcelreacheswithin
agivenSearchRadiusonthenetwork.1TheSearchRadiusdefineshowfaralongthenetworkthe
destinations(D)maybefromanorigin(O)inordertobeincludedintheanalysis,thisallowsauthors
tofilterinonlythoseO-Dpairsforcalculationsthatarewithinachosennetworkradiusfromeach
other.Thereachcentrality,R ir 


 ,ofabuildingi ,inagraphG describesthenumberofotherparcels
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Inordertoestimatethepotentialityofdifferenturbannetworkperformances,Reachcentrality
measurewascarriedoutaccordingtothreedifferentscenarios,oneempiricalandtwohypotheticals:

• Actual scenario (AS) or empirical: reflecting the current network settings based on NGOs
assessmentsandauthorsfieldobservationsbetween2017and2018.Thisscenarioallowedthe
studytoidentifythecurrentneighborhoods’areaswithmoreandlessaccessibility.

• Actual+Hazardscenario(ASH)orpost-disaster:reflectingunavailableoraffectedsectionsof
anactualnetworkduetohazards.ThesesectionsweredefinedbytheNGOsthatworkedwith
thecommunitiesandbyusingparticipatorymethodssuchascommunityhazardmappingand
focusgroups.Basedonanactualstreetnetwork(AS),thishazardscenariotendstoexacerbate
theexistingproblemsinaccessibilityofeachneighborhoodwhileitexposescriticalareasfor
emergencyevacuationandfirstresponseaccess.

• Prospective(P)scenarios:reflectinghypotheticalroadinterventionsthatshouldprovidebetter
accessofparcelstothestreetnetworksofeachneighborhood.BothresultsfromASandASH
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scenariosbroughttolightcriticalareasandsectionswhereaccessibilitywaslimitedoraffected
byhazards,then,networksarestrategicallyintervenedtotrytoimproveneighbors’mobility.
Thesenewsections,madethroughInterventions(I),followthesesteps/criteria:
a. Identifyuptofourgroupsofparcelswithlowestvalues.
b. Connect areas with lower values to main roads or well-connected areas using shorter

distances.
c. Sumofinterventionsshouldnotexceedthe5percentofthetotalnetworklength.

TheFigure2summarizesthemethodandsettingstoperformtheanalysis,andtoreplicateit.
In total, therearesevenoutcomes:AS;ASH,and fiveProspective (P)scenarios.AllReach

centralitymeasuresarecarriedoutusingtheUNAtoolonArcGISandfollowingthesepre-determined
settings:

• Impedancefactor:Metricdistance
• Unitsofanalysis:Parcels(thestudydoesnotuseweights)
• Modeoftravel:Walking
• Radiustype:Network
• Radius:600-meter(orten-minutewalkingrange).

Consideringthephysicalfeaturesofthestudiedsettlementsinallneighborhoods,‘walking’as
mainmodeoftravelwasused.Walkinghasbeentheprimarymeansoftransportationinurbanhistory,
anditsimportanceappearstobeincreasingagaininthesustainablemetropolisofthetwentieth-first
century. Most notably for the analysis, walking is the primary mode of travel in neighborhood-
scale(Garbrecht,1978;Zacharias,2001),whileinthefieldresearchauthorsdocumentedareduced
percentageofcarownershipinallneighborhoods(Sarmientoetal.,2018).Theanalysismodelswalking
ina600-metersnetworkradius(orten-minutewalking),allowedtheauthorstostudytheeffectsof
spatialaccessibilityfromapedestrianpointofview.ThischoicecorrespondstoWaddell’suseof600
meters(Waddell&Ulfarsson,2003).AsImpedancefactor,authorsusethemetricdistance(i.e.,length
inmeters),whilefortheSearchRadiusinputtheNetworkRadiustype(Sevtsuk&Mekonnen,2012)
wasselected.Likewise,asallneighborhoodsaresettledindifferenttopographiesauthorsdecidedto
settheArcGIS’selevationsfeature.Inthisway,zcoordinatesvaluesareautomaticallyassignedfrom
geometry.Finally,tomakecentralitymeasurescomparableindifferentstreetnetworks,theresultsat

Figure 2. Method to perform Reach centrality measures
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eachscenarioarenormalizedbytherangeofminimumandmaximumvalues,thusadoptingvalues
between0and1.

Inthenextsection,centralitymeasuresareinvestigatedoverthescenariosofurbanstreetnetworks
‘spatially’,throughthepresentationofthematicmaps,and‘statistically’,byplottingtheirprobability
distributions—asproposedbyPortaetal.(2006),usingempiricalcumulativedistributionfunctions
orECDFs.Attheendthispaper,authorsdedicatesomereflectionsontheuseoftheUNAtoolin
thecontextofinformalsettlementsanditspotentialforurbanplanninganddisasterriskreduction.
Suchreflectionsemergedduringtheanalysisprocessandaretheresultofanacademicexchange
betweenauthors.

RESULTS

ThespatialdistributionofnetworkcentralitiesisgraphicallyillustratedbymeansofGISsupported
color-scaledmapsinthenextfigures.Thecolorsrepresenttenscaled-classesofparcelswithdifferent
valuesofcentrality,rangingfrom0tothemaximumnumberofparcelsineachcase.Figure3shows
thecentralitymeasuresforthecaseofJ.A.Duarte(Tegucigalpa),organizedaccordingtotheproposed
sevenscenarios.

LookingattheASandASH(baselines)mapsintheFigure3,thedifferencesbetweenthetwo
initial scenariosareclearly identified, aswell as the twogroupsof interventions (i.e., I1 and I2)
reflectedontheP4andP5maps.TheP4representshowbothI1andI2improveaccessibilityofJ.A.
Duarteresidentsduringnormaltimes(baselineAS),andP5illustrateshowinterventionsimprove

Figure 3. Reach centrality for J.D. Duarte, Tegucigalpa. Source: Authors, 2019.
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mobilitywhenhazardsaffectitsstreetnetwork(baselineASH).Inthisparticularcase,itispossible
toobservethatinterventionsimprovebothASandASHstreetnetworks,buttheeffectsaremore
accentuatedinP5.TheReachcentralitymeanofP4increased10.2percentfromAS,whileP5improved
22.1percentwithrespecttoASH(allresultsarediscussedlater).ThemaximumReachvalueisin
P4,739,indicatingthatinthisscenarioaresidentcanreachasmaximumas739otherneighbors(i.e.,
parcels)ina600-metersnetworkradiustype.ThenextFigures4and5showtheresultsofReach
centralityforLeticiaandNaggoHeadrespectively.

ThefirstdifferenceofLeticiawithrespecttoJ.A.Duarteisthatitsstreetnetworkissignificantly
denserandmorebranched,reflectedultimatelyinapredominanceofhighcentralityvalues(green
colors).Asinthepreviouscase,theinterventions(i.e.,I1andI2)improvemobilitywithinASand
ASHstreetnetworks,beingmoreaccentuatedinP5.TheReachcentralitymeanofP4increased1.2
percentfromAS,whileP5improved12.3percentwithrespecttoASH.

InthecaseofNaggoHeadinFigure5,theASandASHshowclearlydifferentiatedareasbetween
well-connected(ingreen)andpoorconnected(inred).Here,theeffectofinterventionsI1andI2onthe
ASandASHstreetnetworks,respectively,areimportant.TheReachcentralitymeanofP4increased
22percentfromAS,whileP5improved46.5percentwithrespecttoASH.

IntheFigure6,authorsreporttheempiricalcumulativedistributionfunctions(ECDFs)ofReach
centralityobtainedforJ.A.Duarte,Leticia,andNaggoHead.Scenariosarerepresentedbylines:black
forActual(AS),redforActual+Hazard(ASH),blueforProspective4(P4),andgreenforProspective
5(P5).Allvalueswerenormalizedforcomparativereasons.IntheECDFplots,yaxisrepresentsthe

Figure 4. Reach centrality for Leticia, Lima. Source: Authors, 2019.
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cumulateddistributionsofvaluesnormalizedon1,whichgivestheprobabilityofthedistributionor
percentile.ThexaxisrepresentsthenormalizedvaluesforeachReachcentralityindex.

Figure6showsthatundertheASscenario(blacklines)Leticia’sstreetnetworkperformsbetter
thanJ.A.DuarteandNaggoHead,withameanof0.97,incontrastto0.54and0.75respectively.In
allneighborhoods,affectedroads(ASHscenarios,redlines)impactnegativelytheaccessibilityfrom
actualscenarios(AS),beingthedifferencemoreaccentuatedinthecaseofNaggoHead(-29.3percent),
andlessforJ.A.Duarte(-15.2percent).Asdescribedearlier,prospectivescenariosP4(bluelines)and
P5(greenlines)presentimportantimprovementsincentralitywithrespecttoASandASHscenarios.
Forinstance,NaggoHeadhasthemostsignificantincreasesinaccessibility(P5=46.5percent)after

Figure 5. Reach centrality for Naggo Head, Jamaica. Source: Authors, 2019.

Figure 6. ECDFs of Reach centrality for J.D. Duarte, Leticia, and Naggo Head. Source: Authors, 2019.
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theinterventionsI1andI2wereapplied(seemoreinTable2).Thisimpliesthatinterventionsallow
NaggoHead’sresidents,onaverage,toreachover46.5percentmoreneighbors(i.e.,parcels)with
respecttoapreviousscenariowiththesameaffectedroads(ASHscenario).

ThefollowingTable2summarizescentralityresults.Means,minimumandmaximumvalues,
standarddeviations,anddifferencesinsamplemeansareprovided.

CoNCLUSIoN

Authorsinitiatedthisworkwiththehypothesisthatasinformalsettlementsgenerallylackthebenefits
ofproperurbandesignandplanning,theirself-organizednetworkswouldtendtohavepoorstreet
mobilityintermsofpedestrianaccessibility.ThiswouldberevealedthroughlowerlevelsofReach
centrality.Ifoneestablishesa‘goodaccessibility’atthethresholdof0.5level(normalizedReach
mean),thenthethreeselectedneighborhoodswouldobtainthatlabel:J.A.Duarte0.54;Leticia0.97;
andNaggoHead0.75.Beyondthespatialrelationshipbetweentheneighborhoodsandtherestofthe
city,thissuggeststhatthe‘unplanned’andspontaneousdevelopmentoftheseneighborhoodscould
havefollowedacertainfunctionalitythatallowedthemtocoherentlydistributeparcelsalongside
withapathway.

TheanalysisshowsthatLeticia’sstreetnetworkperformsbetterthantheotherneighborhoods,
withacentralitymeanof0.97,indicatingthatLeticiaresidentsreachover,onaverage,moreneighbors
(i.e.,parcels)inaten-minutewalkingrangethanresidentsofJ.A.DuarteandNaggoHead.Thiscould

Table 2. Descriptive statistics per neighborhood and scenario

J.A. Duarte (N=787)

Scenario Mean Min. Max. Std. Deviation Mean (norm.) Difference*

Actual (AS) 427.1 184 634 95.74 0.543

Actual+Hazard 
(ASH)

307.9 2 513 118.04 0.392 -15.2%

Prospective 4 (P4) 507.0 316 739 100.77 0.645 10.2%

Prospective 5 (P5) 481.7 288 687 96.19 0.613 22.1%

Leticia (N=1,151)

Actual (AS) 1110 622 1142 65.56 0.966

Actual+Hazard 
(ASH)

906.8 1 1040 285.86 0.789 -17.7%

Prospective 4 (P4) 1124 979 1136 27.01 0.977 1.2%

Prospective 5 (P5) 1049 3 1103 183.24 0.912 12.3%

Naggo Head (N=325)

Actual (AS) 243.7 140 316 44.53 0.747

Actual+Hazard 
(ASH)

148.1 15 248 68.13 0.454 -29.3%

Prospective 4 (P4) 315.3 234 324 15.02 0.967 22.0%

Prospective 5 (P5) 299.7 197 324 23.54 0.919 46.5%

Source: Authors, 2019
* Difference in sample means
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beexplainedduetoLeticiahassmallerparcelplots,andadenserandmorebranchedstreetnetwork.
Otherreasonsforthedifferencescanbeassociatedtotheoriginsandgeographicalconditionsofeach
neighborhood.For instance, thehistorical,political,andeconomicconditionsunderwhich these
areaswereoccupiedbysettlers(i.e.,illegaloccupationofstatevacantland,illegalpartitioningor
sub-divisionofprivate/agriculturalland,land-useandzoningchanges,amongothers)orthepresence
contourlines(elevations)thatresultedinadistinctivedistributionpatternsofparcels.Authorsassert
thatelevations,rivers,surroundingroadsandnetworkscanplayanimportantrole.Inthecaseofthe
J.A.Duarte,whichiscrossedbyachannelinthenorthandamotorwayinthesouth,theseconditions
havesegregatedsomeareasandcouldhaveaffectedJ.A.Duarte’scentralitycalculations.

Ontheotherhand,authorsdidnotincludesurroundingparcelsoutsideneighborhoodsdueto
thelackofsuchinformation,andthismayalsohavealsoaffectedcalculations.Althoughauthors
recognizethatconfiningtheanalysistosettlements’boundariescouldhavelimitedthestudy’sfindings,
theuseoftheUNAtoolatneighborhoodscalehasresultedadvantageousforapproachingnetwork
accessibilityandurbancoherenceininformalsettlements.Forexample,centralityanalyseshelpedus
toidentifykeynodesorroadsthatmaybestrategicforimprovinginternalmobility(i.e.,prospective
scenarios).Herethestudyacknowledgesthatprospectivescenarioswerefictitiousandsubjective
becausetheydependonvarioustechnical,economicandsocialfactorsfortheirviability,butthis
exercisesoughttoprovethatinanidealscenario,itispossibletoimprovestreetnetworkperformance
andaccessibility.Moreover,significantvariationofresultsdependingofstrategicinterventions(i.e.,
ASHandPscenarios)inthethreecasesindicatesthesensitivityofourapproachintermstraveldistance
inmeters,thatisourselectedImpedanceFactor.Forinstance,differencesofcentralitysamplemeans
inNaggoHeadbetweenAS,ASH,andprospectivescenariosP4andP5(seeFigure5)revealedthat
strategicinterventionscanproducesignificant improvementsinaccessibility.Asourapproachto
measureinformalsettlements’accessibilityaimstoprovideinputstourbandecisionmakersbasedon
community/NGOs’informationintandemwithastreetnetworkanalyses,theprecisionandaccuracy
ofresultsneedtobescrutinizedwithandafterde factointerventions.Then,centralitymeasurescan
resultvaluableforurbanplannersandlocalgovernmentsastheycanadvancecommunityhazard
mappingswithprospectiveinterventions.Authoritiesandplannerscanclearlyidentifytwotypeof
interventions,onegroup(I1) thatwillworkto improveinherentresiliencein theshort term(i.e.,
abilityoffunctionwellduringnon-crisistimes),andanothergroupofinterventions(I2)toaddress
latentrisks(basedonpreviouslyidentifiedhazardousareas)inthelongterm.

Likewise,identifyingkeyroadsandnodesmayresultcriticalforpeople’sdailylifeafterdisasters,
disasterreliefplanning,andreconstructions.Inthissense,authorsassertthatcentralitymeasurescould
complementtraditionalevacuationmodelswhichbasetheircalculationsonelevationsandland-use
(Jonesetal.,2014;Laghietal.,2006)orontheperformanceofroadsforpredeterminedassemblyareas
(Woodetal.,2016).Althoughauthorsalsorecognizethatcentralitymetricspresentedinthiswork
wouldhavebenefitedmorefromadditionaldatasuchasthelocationofstores,populationdensities,
roadtypes,amongothers,asthiswouldallowtheuseofweights,resultinginmoreaccurateresults.

Inthisstudy,authorsconducteddifferenturbancentralityanalysesaimingtobetterunderstand
the internal spatial configuration of three neighborhoods, considering that informal settlements
tend tobemarginalized from formalurbanprocessesofplanningandzoning, andaregenerally
ignoredbyofficialfigures.Theanalysisallowedtheauthorstoestimateurbanaccessibilitythrough
Reachcentralitymeasuresandthreetypeofscenarios,oneempiricalandtwohypotheticals.These
metricsprovidedanoverviewofstreetnetworkcentralityforJ.A.Duarte,Leticia,andNaggoHead,
andresultswerecongruentwithrecentobservationsonaccessibility(Sarmientoetal.,2018).The
researchconsiders,however,thatonelimitationforthesuccessofcentralitymeasuresliedlargelyon
thepreparativeworkofsurveyingmarginalizedneighborhoodsin situ.Communitymappingandthe
identificationofhazardousareasareextremelyimportanttoinitiateanystreetnetworkanalysisaiming
todeterminestrategicinterventionsforriskreductionandresilience.Itisworthmentioningherethe
caseofNaggoHeadinPortmore,Jamaica,astheinternationalNGOHabitatforHumanityconsidered
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ademographicandspatialsurveyasabasisforalandtenurestrategyaimingtolinklandregistration
andaccesstocredit,housingimprovement,andriskreduction.Consideringthatmainstreamtown
planningdoesnotrecognizeinformalsettlementsintheprocessofprovisionofpublicutilitiesand
infrastructurenetworksunlesstheyhaveattained‘criticalmass’thatenablesthemtoexertenough
politicalpressuretohavetheirneighborhood‘legalized’(Bocarejo&Velasquez,2013).Theincreasein
sizeandpoliticalsignificanceofsegregatednodesinfluenceslocalauthoritiestoprovideconnections
toutilitiesandbuildotherinfrastructurelikesewerage,pavements,roadsandstreetlighting.Inthis
context,surveyingmarginalizedsettlementsisanimportant,ifnotfundamental,steptowardurban
justice,whiledimensioningtheproblematicofurbaninformalityiscriticaltoimprovesettlements’
conditions.Theavailabilityofevidenceandsoundindicatorsthathighlightthesocialrelevanceof
infrastructure investments in low-incomeand informalneighborhoodscancontribute to increase
thesocialandpoliticalrelevanceofsuch,otherwiseoverlooked,settlements.Dataaboutthespatial
conditionsofthebuilt-environmentwillserveeitherformakingplanningdecisionsmoreeffectiveas
wellasforbetterdisasterriskmanagement.Ultimately,bycomparingurbannetworksatneighborhood
scale,thisworksoughttoofferplanningalternativestoinformaldevelopmentsthatcanbeusedby
urbanplannersandlocalgovernmentsforimprovingtheconditionsofestablishedsettlements.The
UNAtoolandthemethodologycarriedoutinthisworkcaninformdecisionmakingonstrategic
interventions in theurbannetworkswhichcanfacilitate internalmobilitybutalsoprovidebetter
performanceincasesofdisasters,andultimatelyincreaseresilience.Inthissense,thenoveltyofour
methodologyisthatitprovidesapreliminaryandyetinsightfulanalysisofthepossibilities(interms
ofinterventions,feasibleornotbylocalgovernmentsandcommunities)toimproveaccessibilityand
disasterresilience,especiallyconsideringtheendemiclackof‘formal’informationthatcharacterize
informalsettlements,andalsotheneedtoaddresstheimbalancebetweenformalandinformalspaces.

Authorshaveidentifiedsomeavenuesforfutureresearchonincorporatingmulti-scalaranalysis
ofneighborhoodandcityscalestogether.Thecityscaleanalysiswouldgiveanideaabouttherelative
‘situation’ofaneighborhoodwithinacity,whiletheneighborhoodscaleanalysiswouldgiveanidea
ofthecriticalareasthatmayimprovenotonlytheinternalmobilitybutalsoitsintegrationwithinthe
urbansystem.AnotheravenueoffurtherresearchshouldincludeMultipleCentralityAssessments
(MCA)ofneighborhoods(Portaetal.,2010),whereothercentralityindicessuchasClosenessand
Straightnessare included,providingnewperspectivesonmobilityandaccessibility,andperhaps
morealternativesforstrategicinterventions.
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