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ABSTRACT

Thispaperdescribesanurbananalysismethodfortheevaluationofthediversityofopenspaces.
Diversityisunderstoodasthevarietyofoptionsthatapublicspaceofferstotheusers,givingthem
theopportunitytochoosetheareawhichbestsuitstheirneeds,activities,andpersonalpreferences.
Themethodfacilitatesanenvironmentalqualityassessmentandcomparativeevaluationbetween
spaces.Decisionsupporttoolsbasedondataanalysisaredevelopedtofacilitatetechnicalurbandesign
decisions.Themethodologyisbasedonamulti-criteriaanalysisofapublicsquareinMadrid,Spain.
Fieldmeasurementsofclimaticdataandthermalpropertiesofmaterials,theactivitiescarriedoutby
peopleandtheirlocation,aswellasfactorsrelatedtourbandesignarecollatedintheanalysis.Data
arecomplimentedwithbioclimaticandsimulationtools.Theanalysisidentifiesdifferentiatedthermal
profiles,aswellaspatternsofuseofthespace.Thisenablestheidentificationofspecificlocations
currentlyfavoredbycitizensandthemicroclimaticandspatialvarietyofthesquare.
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INTRODUCTION AND BACKGROUND

Afterdecadesofdecayandrelegationtosecondaryimportancebehindthedemandsonspacemade
bywheeledtransportandparking(Brandis1978),makingopenspacesmorelivable,hospitableand
attractiveandensuringthattheyarefullyenjoyed,hasonceagainbecomeoneoftheobjectivesof
urbandesignandplanning(Carretal.,1993;MarcusandFrancis1998;GehlandGemzoe2004;
Maruani and Amit-Cohen 2007). The condition of public space is an indicator of the civic and
democratichealthofasociety.

Urbandesigndetermines thequalityandhabitabilityofopenspaces.Thequalityofaspace
determines the leisure, socialandeconomicactivities thatoccurwithin it, and theuseofpublic
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spacesentailsmanysocial,physical,environmentalandeconomicbenefits (Jacobs1961,Whyte
1988,Hass-Klau1993,Hakimetal.,1998).

Ontheonehand,urbanmicroclimateconditionstheuseofthepublicspace(Gehl1971).Theuse
ofpublicspacecanbeintensified,anditshoursofeffectiveusagecanbeextendedifenvironmental
variablesaretakenintoaccountforthecreationofmicroclimatesadaptedtothelocalclimateacross
differentseasons(CuljatandErskine,1988).Althoughnumerousstudieshavebeencarriedout,the
generalframeworkforevaluatingpeople’sbehaviorinpublicspacesandtheeffectsofmicroclimates
onthisbehaviorisstillunderdiscussion(ChenandNg2012).Thefirstoftheinvestigationstouse
quantitativeandqualitativedatatoaddressmicroclimaticconditions,thermalcomfortandtheuse
ofspacewereauthoredbyNikolopoulouetal.(1999).Thisstudyplacesanemphasisonpeople’s
adaptivecapacityandtheimportanceofthepsychologicalfactorsincreatingasensationofcomfort.
Zacharias,Stathopoulos,andWu(2001)evaluatedbymeansofregressionsandanalysisofvariance
therelationshipbetweenmicroclimatesandthelevelofuseofspaceinplazasinMontreal.They
determinedthat12%ofvariationsinusecouldbeattributedtomicroclimate.Theyconcludedthat
temperature is the main parameter that conditions the sensation of comfort, but that transitory
exposureandpreconceivedexpectationsarealsoveryimportantinsubjectiveevaluationsofthermal
comfort.Katzschner(2006)alsostudiedtherelationshipbetweenmicroclimatesandtheuseofspace,
establishingneutraltemperaturesbymeansoftheindexPET-PhysiologicalEquivalentTemperature
(Höppe,1999)andbyobservingpeople.Hisstudyreachedtheconclusionthatexpectationswere
importantintheuseofspace.Eliassonetal.(2007),incontrastwithmanyotherinvestigations,didnot
findacloserelationshipbetweenmicroclimaticconditionsandtheuseofspacebutinsteadsuggested
thatusewasculturallyconditioned.Theyhighlightedtheimportanceofconsideringexistingusesof
publicspaceandtheimportanceofclimatesensitiveplanning.

Inadditiontoclimacticcomfortfactors,theuseofpublicspaceisalsoaffectedbysocialand
culturalfactors,aswellastheusesgiventothespaceandbydesignfactors.Forthatreason,Chen
andNg,(2012)indicatethatstudiesofthermalcomfortinopenspacesshouldcombine“climatic
knowledge”withphysiologicalandphysicalfactorsandpsychologicalfactorsas“humanknowledge”,
withinterviewsandobservationofpeopleusingthespace.

Inthe1960s,KevinLynch(1960)carriedoutstudiesonhowpeopleperceivedtheircities.Jan
Gehl(1971)andWilliamH.Whyte(1980)authorednumerousstudiesontherelationbetweenphysical
aspectsofurbandesignandthelevelofactivityandusethatthecitizensmadeofpublicspace.Other
investigationssuchasthosebyNewman(1996)andKatz(1994)arecenteredontheimportanceof
publicspacesasmeetingpointsbetweenpeople.Theyarguethatawell-definedspacecanincrease
thesenseofbelongingandstrengthenrelationshipsbetweenneighbors.Thisauthoralsoindicates
theimportanceofthemixedusageinpublicspacesasawayoffomentingtherelationshipsbetween
individuals,apointalsomadebyJacobs(1961).

Qualityurbandesignfomentssocialactivities,andbeinginpublicspaceisthestartingpointfor
thoserelations.Otherfactors,suchasthelegibilityofthespace,accessibility,theexistenceofbenches
andseats,urbangreeneryandstreetfurnitureamongothers,havebeendemonstratedtofomentthe
useofspace(Gehl,1971;Whyte,1980).Thisuseattractsothertypesofactivities(Jacobs,1961).

Onmanyoccasions,urbandesignersplacemoreemphasisontheurbanformthanontheactivities
thatarecarriedoutinpublicspace(Lozano1990).Ourunderstandingofhowtocreatespacesfor
peoplethatencouragesocialactivitiesisstillformative.InvestigationssuchasthosebyCarmona
andMagalhães(2009,2018)andGehlandSvarre(2013)establishquantifiabledesignprinciplesand
toolstoevaluatetheenvironmentalqualitypublicspaceandurbanlife.

Forthisstudy,aplazainthehistoricalcenterofMadridwasselectedwiththepurposeofstudying
someofitsenvironmentalconditionstodeterminetheusespeoplegavetothespace.

Themaingoalofthisresearchworkistodefineamethodofanalysisapplicabletorealpublic
spacesforthedeterminationofthediversityofanopenpublicspace.Measuringdiversityisrelated
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tothequalityof thespace.,becauseitdefinesthepotentialofanareatohostsocialactivities in
conditionsofcomfortthroughouttheyear.

Diversityisunderstoodasthepossibilitiesforusethataplaceoffersindiverseclimaticconditions,
givingcitizenstheabilitytochoosethelocationinthatspacebestadaptedtotheirneeds.Diversity
facilitatesadaptationtotheenvironmentandencouragescomfortandasensationofwell-being.

Secondaryobjectivesofanalysisarethefollowing:

• Todeterminebymeansofmeasurementsin situthemicroclimaticbehaviorofthespaceunder
investigationandtocomparetheseresultswithmodelsdrawnfrombioclimatictheory;

• Toanalyzephysicaldesignparametersandusesofthespaceidentifiedinhumanscaledesign
theoryasbeingimportantforthepromotionofurbanlife;

• To observe the use that people made of the space and the degree of correlation between
observationsandtheoriesofthermalcomfortandurbandesign.

This analysis was carried out in order to develop a Decision Support Tool to facilitate the
makingoftechnicalurbandesigndecisions.Itisbasedonthecreationofamultivariablematrixthat
compilesandevaluatesthosephysical,climaticanduseconditioningfactorsofurbandesignthathave
thecapacitytoenhanceurbanlifeandqualityoflife.Itaimstocontributetoanongoingmovement
towardsmoreappropriate,humanscaled,climatechangeadaptedandhealthierenvironments.Urban
designisseenasaframeworkforcreatingmeaningful,livableandhealthyurbanpublicspaces.

CASE STUDy

ManyofthepublicworksprojectscarriedinurbanspacesinMadridsincethe1990’shavebeenbased
mainlyonaestheticandeconomiccriteria.Thishasoftenresultedinemptyspaces,environmentally
andfunctionallyunsuitableforcitizens.Urbanfurniture,includingbenchesanddrinkingfountains,is
disappearingandanotableprivatizationofopenspacesisunderway.Thisincludestheestablishment
ofprivateterracesandtemporaryshops.Manyofthesespacesarethermallyuncomfortable.

AdailyuseurbanspaceinMadrid(Spain)hasbeenselected:The2deMayosquare.Itisin
thecitycenter.Ithasalocalcharacter,isnotatouristattraction,anditiseasilyaccessible,being
surroundedbywalkablestreetsandpublictransport.Itisaspacethatfulfillsthebasicstandardsof
environmentalquality,beingsafe,cleanandstrongspace(Carmona,2009).

MadridislocatedinSouthernEurope,intheinterioroftheSpanishmainland.Itisanareawhere
theeffectsofclimatechangearepronounced(EEA,2012).Since2000,thenumberofextremelyhot
dayshasincreased(Fernandezetal.,2001).Thecityisespeciallyvulnerabletoheatwaves(Smidet
al.,2019)andithasaclearlydefinedurbanclimatewithalargenumberofdaysexperiencingintense
UrbanHeatIsland(UHI)effects(Fernándezetal.,2016).2deMayosquareislocatedwithinthe
UHI’sgreatestintensityarea.

AccordingtotheKöppenHagenclassification,MadridhasaCsaclimate:warmwithhotdry
summers.Therearehightemperaturecontrastsbetweenwinterandsummer(upto30ºC)andday-
nightdifferences(upto17ºCinsummer).Atperiodsofpeakusage(from8amto10pm),therelative
humidityinopenspacesisbelow40%formostoftheyearandbelow20%insummer.

METHODOLOGy

Thisinvestigationcarriedoutamulticriteriaanalysisofenvironmentalconditionsandtheusethat
peoplemakeofthesquare.Itcontrastsresultsanticipatedintheoreticalanalyseswithdatacollected
in-situ.Finally,aprocedureforthedefinitionofthediversityinagivenspaceisdeveloped:
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1. Establishmentofthetheoricalframework.Studiedsubjects:
a. Environmentalsustainabilityinternationalandnationalcertifications.
b. Institutionalguidesanddocumentsonsustainableurbanism.
c. Bioclimaticurbanism,urbanmicroclimateandclimatesensitiveurbandesign.
d. Outdoorthermalcomfortandpeopleactivitiesinpublicspace.
e. Urbandesignandtheuseofpublicspace.
f. Papersandinstitutionalguidesforurbanopenspaces’qualityassessment.

2. Datagatheringandpreparatoryworks.Preparatoryinvestigationincludedbothfieldworkand
theuseofarchivalmaterial:
a. Physicaldescriptionandsystematizationofusage:Theshape,size,distribution,height-width

ratio,urban furniture, landmarks, slopes, levels,private-public transitions,maintenance,
security,accessibilityandfinishingmaterialsusedaswellas thehousingdensityof the
surroundingareaweretakenintoaccount.

b. Usesandurbanutilitiesstudy:Theusesofsurroundingbuildings(houses,schools,churches,
social services), uses of the space (roads, parking, pedestrian areas, places for staying,
playgrounds, area for theelderly,greenareas,private terraces),urban furniture (benches,
fountains),privatefacilities(shops,restaurants,parkingaccess),urbanlandmarksandpoints
of reference (monuments, the Maravillas convent) and the activities in the urban space
(spontaneousorguided)werereviewed,makinguseofMadridCityHall’sGISdataanalysis.

c. Measurementoflocalclimaticconditions:Measurementofairtemperature,relativehumidity,
surfacecontacttemperaturesofdifferentmaterialsinthesquareandwindspeed,duringthe
mornings,afternoonsandnightsofthreedaysinApril,MayandJune.ATesto400data
loggerwiththreesensorssupportedbyaFLIRSystemsthermalcamerawasused.Thepoints
withhighestandlowestsolargainonpavingmaterialsandinrecreationalareaswereselected
asthepointsofdatacollection.Thesepointswereidentifiedbysolarradiationsimulation
duringthedaysthatthefieldmeasurementsweretobedone.

d. Climateandmicroclimatestudy:Olgyay(1963)andAdaptedWellbeingCBA(Neila,2004)
climogramsweredrawnuptodeterminestrategiestoachieveminimumlevelsofcomfort
duringthemonthsofApril,MayandJune.Threedifferentactivitieswerecategorizedat
differentmetaboliclevels:apersonwalkingorchildplaying(2,95met),apersonstanding
(1,65met)andaseatedperson(1.15met).Clothingwasalsothermallyrated,at1cloforthe
monthsofAprilandMay,andreducedto0,7cloinJune.Complimentarytothisdata,an
analysisoflighting,shadeandsolarradiationwascarriedoutusingAutodeskEcotect3D
simulationsoftwarefromApriltoSeptember.

e. DocumentationofUsage:867photographsweretakenforthenon-intrusivedocumentation
ofthedistributionofpeopleandtheactivitytheywereengagedin.Thisobservationwas
carried out simultaneously to the gathering of environmental data in order to establish
possiblerelationshipsbetweenenvironmentalconditionsandtheusethatthecitizensmade
ofthespace.Thefollowingcriteriawereused(Figure1):
i. Onlypeoplemakingspecificuseoftheplazaforatleasttenminuteswereincludedin

theanalysis.
ii. Onlypeoplemakinguseofpublicspacewereconsidered,excludingthosepresentin

theterracesofthebarsandrestaurants,wheretheuseoftheurbanspaceisprimarily
conditionedby the infrastructure rather than theclimacticordesign featuresof the
square.

iii. Activitieswerecategorizedintothreemetaboliccategories:sitting,standinganddynamic
activitiesincludingwalkingandplaying.

iv. Users’approximateageswerealsorecorded.
v. People’slocationinsunorshadewasrecorded,withnodifferentiationmadebetween

shadecastbybuildings,architecturalelementsandgreenery.
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3. DataAnalysis:
a. Comparison of field measurements of environmental variables with the meteorological

stationclosestothesquare.
b. Relationshipsbetweentheclimatedatacollectedandtheusegivenbyuserstothesquare:

acomparisonbetweentheoreticalmodelsandobservedbehaviors.
c. Determination of the quality of the design: Comparison of field data gathered on

microclimates,physicalcharacteristicsandtheuseofthespacewithestablishedmodelsin
bioclimaticurbanism(Olgyay1963;Givoni,1998;Erellelal.,2010)andhumanorientated
design(Whyte,1980;Gehl,1971;Carmona2009).

4. Definitionof amethodology for the characterizationof thediversityof space in relation to
theoptionsoflocationanduseundervariousclimaticconditions.Thediversityofthespaceis
establishedasakeyparameterinthephysicaldesignofopenspaces(Zacharias,2004;Mehta,
2014).Theviableusesthatcanbemadeofthesquareindiverseenvironmentalconditionsare
determinedbycrossreferencingmicroclimaticandurbandesignparameters,suchas:
a. Theabilitytocreatevariedmicroclimatescombiningsun,shade,greenelementsandfinishing

materials.
b. Theusesoftheopenspace:playgrounds,sportareas,…
c. Theseats,benches,lyingandstayingareas.

These are parameters used by urban designers. Those qualities of the space that cannot be
modifiedinanurbanconsolidatedarea(enclosureandgeneraldimensions,façades,groundfloor
privateuses’permeability…)arestudiedtounderstandpeoplebehavior,buttheyarenotincludedin
spatialdiversityclassificationprocedure.

RESULTS

Results of the Physical-Space Study of the Square
The2deMayosquareacquireditscurrentdimensions(69mx77m)in1869.Ithasbeenrenovated
severaltimes.Thesurroundingbuildingsarefrom2to7-storieshigh,thoughprimarily5stories,
sothesquare’sheight–widthrationisbetween1/4.8and1/4.3.Theheightofthebuildingsdoesnot
implythetotalsolarobstructionofthespace,butcreatesbothsunnyandshadedareas.Theheightof
thesurroundingbuildingsprotectsthesquareformthewind(KofoedandGaardsted,2004).

Thebuildingsarealignedtothestreet,generallywithoutrecessesnorirregularitiesandtheylack
eavesorzonesofprotectionagainstrainorsunforpedestrians.

30,3%ofthesquareispermeablepaving,naturalsoilwherematuretreesgrow.Roadpaving
representsonly8%ofthesquaressurfacearea,while61.7%ofsquareispavedingranite.Thereare
15woodenand8granitebenches.

Figure 1. Legend of user registry: Location, activity, age and posture
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Theslopeswithinthesquarearegentleanddifferencesingroundlevelareresolvedwithstairs
andramps.Curbsarepresentbetweenroadsforwheeledtransportandpedestrianzones.Atcrossing
points,thecurbsareloweredandroad–pedestrianareadifferentiationisachievedthroughtheuse
ofdifferentpavements.Allthepointsofthesquareareaccessibletoallusersandroadcrossingsare
correctlysignposted.

Thelegibilityofthespaceisgoodandrouteswithinthesquareareopen.Userscanchoosearoute
throughthesquarethatismorecomfortable,safer,fasterorinteresting.Inaddition,linesofvisionare
unobstructedanditispossibletoseewhatishappeninginthesquareanditssurroundings(Figure2).

Results of the Study of Functions and Uses of the Square
Amixtureofdifferentusesisgiventothesquare.Social,religious,educational,commercialand
hospitality infrastructure is represented. This allows neighbors to carry out everyday activities,
including shopping. In general, this infrastructure is located in the ground floor shopfronts of
thebuildingssurroundingthesquare,whichareeasilyaccessible.Inmostcases,thereisavisual
permeabilitybetweenprivatespacesandthesquareitself.

Insomecases,theprivateuseofspaceextendsintothesquare.Threebarsmaintainterraces
inthesquarethatextendfromtheirshopfrontlocations.However,theseterracesarenotpermanent
installations.

Zoneswithinthesquarearedifferentiated,includingareasdedicatedtochildren,olderpeople,
parking,roadsandgardens.Roadsdelineatetheperimeterofthesquare,whichcontainsanumber
ofgardensandlargetrees.

Ithasasufficientnumberofbenches,inexcessoftheratiosuggestedbyWilliamH.Whyteof
1footofbenchforeach30feetofsquare(1980).Thenumberisnotexcessiveasvirtuallyallofthe
benchesareinuseoncertainafternoons.Thebenchesaredistributedthroughoutthespace,giving
peoplethechoiceofwhichareaofthesquaretheywouldliketositin.Somebenchesareplacedina

Figure 2. 3D model and photograph of 2 de Mayo square
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waythatcomplicatessocialrelationships,forexamplebacktoback,facinglowwallsorawayfrom
theopenspaceofthesquare.Therearealsosecondarybenches(Gehl,2001)thatresultfromthe
designofthesquareitself.Forexample,peoplewereobservedtobeseatedonflowerpots,stairs,
fences,lowwallsandotherprojectingarchitecturalfeatures.

Results: Climatic Field Measurements
Airtemperature(Ta),relativehumidity(RH),windspeedanddirectionandcontacttemperature(TC)
ofpavements,façadesandurbanfurnitureweremeasuredfromApriltoJuneinthepedestrianzones
ofthesquares.Thedatawascollectedinbothinsunnyandshadedlocationsoncleardays,atthree
differenttimesduringtheday:morning,afternoonandnight(10to10.30am,6to6.30pmand10.30
to11pm,localtime).Themeasurementsweretaken1.5mto2mabovegroundlevel(Caballero,2004).

SummerinMadridisextremelywarm:themaximumregisteredtemperaturewas33.6ºCone
anafternooninJune.Taisconsiderablylowerinshadedspacesthaninsunnyones.Humidityis
low(RH<30%)duringtheday.RecordedTavaluesareabovethesummerphysiologicalequivalent
temperaturePETthatpeoplepreferinMadrid,whichrangefrom22to27ºC,andthiscanleadto
thermaldissatisfactionandheatstress(Fernándezetal.,2012).

Tareduction(3.2ºClessinApriland1ºClessinJune)andRHincrease(upto12%inApril
and4%inJune)inshadedspacesisnoticeable,althoughthehighertheoutsidetemperature,theless
effectshadehas.

Winddirectionandintensityvariedacrossbothmonthsanddays.Itvariedfromcalmtomaximum
speedof4m/s,withnoprevailingdirection.

Pavement materials are natural soil, light grey and dark grey granite. Façades were both
whitewashedandlightgreygranite.Benchesaremadeofwoodandlightgreygranite1.

The TC of the materials vary based on their location and their thermal, hydric and optical
properties.Theyinfluencetheenergybalancewiththeenvironment,creatingdifferentmicroclimate
conditions(Hernándezetal.2013;Santamouris,2001).Accordingtomeasurementsinsunnylocations,
thehighestrecordedTCsoccurondarkgraniteandthelowestonlightgranite.Therearedifferencesof
7.5ºCinApriland10.2ºCinJunebetweenthemostandleastwarmmaterialsinthemiddleoftheday.

Materials’TCsevolvessimilarlythroughoutthedaybothsunandshade,recordingconsiderably
lowerTCsintheshade.TCdifferencesinthesamematerialsinthesunandintheshadearebigger
intheafternoonsandinJune,reaching19ºCfordarkgranite.Shadingisaveryeffectivestrategyto
improvecomfortduringthewarmesthoursoftheday.

EventhoughtheTCofwoodenbenchesishigherduringtheearlyhoursoftheday,athoursof
peakintensity,theirtemperatureislowerthanthatofgranitebenches(4ºto7ºCless).MaximumTC
forwoodenbenchesis43.1ºCforwoodenbenchesand50.5ºCforgranitebenches.Whilegranite
benchespreservepartoftheday´sstoredenergyatnight,energylossisfasterforwoodenseats,so,
duringthenight,woodenbenchesremainpracticallyatTa.

NaturalsoilandsimilarvegetationTCisverytoTa,beingjustslightlytohigher(3ºCmaximum).
Atmidday,theTCofmaterialsinthesun,exceptnaturalsoilandvegetation,canrisebetween8ºC
and17ºCaboveTa,whichhasaconsiderableeffectoncomfortinopenspaces.TCmeasurements
haveconfirmedthatpermeableandnaturalpavementsremainpracticallyatTa.

Inthemeasurementstakenatlocationssurroundedbytreesandwithnaturalsoil,a4%RHincrease
wasregistered,althoughthisparameterdependsontheweatherconditions(Kurbánetal.2011).

Differencesinthematerials’thermalbehaviorislinkedtotheiralbedo,thermalinertiaanddensity
andexposuretodirectsunlight.Albedoinparticularisadecisiveproperty.Whilevegetationremains
practically at air temperature (Ta), construction materials absorb, store, reflect and emit radiant
energyinfluencingnear-surfaceairtemperatures.Duringthedaylighthours,whenpeopleusethe
mostopenspaces,finishingmaterialshaveahighTC.Thesespacesbecameevenwarmerplacedue
totheradiantexchangethattakesplace,increasingnear-surfaceTa.InMay,pavementsandfacades
becomeheatsourcesforsquareusers.UHIiscloselyrelatedtoconstructionmaterials(Hui,2015).
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Results: Climatic and Microclimatic Conditions
Through the study of temperature and humidity at one-hour intervals, taking into consideration
thecomfortparametersestablishedbytheclimogramas,needsandstrategies tobeadoptedwere
determinedfordiverseactivitiesandtypesofclothing.

DuringthemonthofApril,assumingclothingwitha1clovalue,independentlyoftheactivity
being engaged in (walking, standing or sitting), additional thermal input was needed to achieve
thermalcomfort.

InMay,warmthfromsunshinewasnecessaryupuntil4:00p.m.foraseatedperson,until3:00
p.m.forastandingpersonanduntil1:00p.m.forapersoninmovement.Comfortableconditionswere
presentintheearlyhoursoftheafternoon,threeorfourhoursforastandingorsittingperson,andtwo
2-hoursblocksforapersonworkingintheearlyandlateafternoon.Theavailabilityofshadedareas
becomesnecessaryforthecomfortofpeopleplayingorwalkingforthemajorityoftheafternoon.

DuringthemonthofJune,shadeisrequiredfrommiddayandthroughouttheentireafternoon,
eventakingintoaccountashifttoclothingwithalowerthermalvalueof0,7clo.Atcertainmoments
inthemidafternoon,abreezeisalsorequiredforthethermalcomfortofpeopleplayingorwalking.
InJune,fromearlymorninguntilmiddayifoneisseatedorstandingup,oruntil10:00a.m.ifone
iswalking,sunshineisrequiredforthermalcomfort.Thetimeofwidestcomfort(20%ofpeople
unsatisfied)isbetween12:00and1:00p.m.forstationarypeopleandbetween10:00.and11:00a.m.
forwalkers.

Intheperiodanalyzed,inthe2Maysquarethereweremoreshadedspaces(62%ofthepedestrian
zone),thanspaceswithoutaccesstoshade(38%).Thereisagreatvarietyofspaceswithdiverse
intensitiesofbothshadeandsunshine.

Results of the Analysis of the Use of the Square
Onthe2deMayoatotalof1002peoplewererecordedinthesquare(0.188personas/m2),ofwhom
244(24,3%)werechildren,705(70,4%)adultsand52(5,3%)elderly.Theafternoonsarethemoment
ofthedayinwhichthesquareismostfrequented.

Themostcommonactivitydocumentedwasconversation.Almosthalfofallusers,447people,
wereengagedinthisactivity.Playwasthesecondmostcommonactivity,enjoyedby269people.
Mostofthesewerechildren,butsomeadultsalsoaccompaniedthisactivity.Thethirdmostcommon
activitywaspeoplewatching,inwhich154peopleparticipated.Dogwalking,eatinganddrinking,
reading,usingamobilephoneandsleepingwereamongsttheotheractivitiesdocumented.

Adultsandelderlypeoplewerepredominantlyseatedastheyusedthesquaretospeakorobserve.
Children,bycontrast,weremoreoftenupright,walkingorrunningastheyplayed.

Thesunnierareaswithoutshadewerethoseleastusedoverthemonthsanalyzed,aswerethe
areaswithouturbanfurnitureordesignedtofacilitatetransitingthesquare.Peopletendedtogroup
togetheraroundbenchesandurbanfurnitureaspointsofreference.Userspreferredtooccupythe
spacearoundtheedgesoftheplaza,andwhenthiszonewasfullyoccupiedmorecentralareaswere
alsoused.Thechildrenweretheonlyuserswhomadeuseoftheentiresquare.

There are also specific meeting points within the square which are used frequently. These
meetingpointstendtobelocatedatcornersofferinggoodvisibilityoverthesquare,andtheytendto
bestandingareas.Theyarealsozoneswherepeopleremainstandingwhilespeaking,whilewaiting
orduetocasualmeetings.Duringmonthsanalyzed,peoplemainlywaitedintheshade.

Generally,thepublic-privateborderiswheremostactivitiesoccur(Gehl,2001),butinthe2de
Mayosquarethisborderwasnotusedextensively.Theabsenceofbenchesinthesethosezones,their
narrownesswhichestablishesthemastransitareasandtheexistenceofdesignfeaturesseparating
theseareasfromthecentralareaofthesquarecouldbeamongstthereasonsforthereducedusage
oftheseareas(Figure3).
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DATA ANALySIS: DISCUSSION ON MICROCLIMATIC CONDITIONS, 
PHySICAL DESIGN AND THE USE OF THE SPACE

On-Site Measurements and Climate Databases
Adivergenceexistsbetweentheclimaticdatabasesandlocalmeasurements.Inbioclimaticstudiesone
workswithclimaticdatadrawnfromanaverageofbetween10and30yearsofrecordeddata.Atan
internationallevelthe.epwarchivesofEnergyPlus2areused,andatanationallevel,theSpanishState
MeteorologyAgency-AEMETclimatedatabasesandthoseoftheTechnicalConstructionCode3are
available.Adifferencebetweenthetemperaturesrecordedinsituandhistoricalaveragetemperatures
wasobserved.Thoserecordedbetweenafternoonanddawnwerenotablyhigher.Digitalarchival
datamorecloselyapproximatetheobservedlocalclimaticreality,althoughinallcasestemperatures
recordedinthefieldwerehigherthanaveragesdrawnfromthearchives.Recentstudieshaveverified
thesedifferencesbetweenpredictedandactualtemperatures.Recentstudieshaveshownthatthese
differencesininformationbetweentheclimaticbasesandthelocaldataarethemostimportantfact
whendeterminingthedifferencesbetweensimulateddataandrealdata.(Cuerdaetal.,2009).New
investigationsintoenergyefficiencyandthermalcomfortincorporatetheeffectsoftheUHIinenergy
simulation(Santamouris,2014;Bouyeretal.,2011).Inpublicspaces,whenitcomestodefining
strategiestoimprovethethermalcomfort,itmustbetakenintoaccountthattheprimaryhoursof
usearemainlyindaylightandwithinafewhoursofsunset.

AccordingtotheupdatedUHImap(Núñez,2017),thereisa2ºCto3ºCTadifferencebetween
thelocationofthenearestweatherstationinParquedelRetiro,anurbanpark,andthesquare.Field
dataconfirmstheUHI:Tais0.5ºCto5.2ºCtohigherincomparisonwiththeweatherstationTadata
duringthedayand2.3ºCto5.2ºCtohigheratnight.Therelativehumidityisalsonoticeablylower
inthesquareascomparedtoweatherstationreadings.

Figure 3. Use of the space. Pedestrian areas where people did not stay are highlighted.
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Urban Microclimate and the Use of Space
Arelationbetweentheclimateandtheuseofthespaceisobserved:inthemonthofJune,inwhich
thehighestdaytimetemperaturesoccurred,evenchildrenchangedtheiruseofthespace.Whilethey
normallyignoredthermalconditions,usingtheentireareaofthesquare,inJunetheyshiftedtheir
usetoshadedareas.Thesquarereceivedleastuseatthistime.

Nevertheless,itwasobservedthatpeoplehaveagreaterclimactictoleranceinoutdoorsthan
thatanticipatedbymeansofbioclimaticmodeling.Theyremaininthesunevenattimeswherethe
temperature exceeds theoretical comfort levels. Numerous investigations have demonstrated that
indexesofquantitativecomfortlackuniversalcharacter(Auliciems,1981;HumphreysandNicol,
1998;Busch,1995;OfDearandBrager1998;HaghighatandDonnini,1998;BravoandGonzález,
2003).Morerecentinvestigationsemphasizeadaptivecapacity,includingphysiological,physicaland
psychologicaladaptation.Thisadaptabilityresultsintherangeofcomfortinoutsidespacesexpanding
noticeably.(Nikolopoulou,1999,2003,2007¸OliveiraandAndrade,2007;Lenzholzer,2010).

Urban Design and the Use of Space
Urbandesignconditionstheuseofthespacebyadultsandtheelderly,however,childrendonotact
inaccordancewiththeoriesoftheuseofspace(Gehl,2001;Whyte1980;Carmona,2009).Whereas
theadultsoccupythespacefromtheedgesinwards,concentrateinareaswithclearlinesofvision
orremainseatedinonbenches,childrenmakeuseoftheentirespace,seekouthiddencornersand
usetheurbanfurnitureinalternativeways,althoughtheyalsousedesignatedplayareas.Thus,as
farasurbandesign,thepresenceofseats,benchesandotherurbaninfrastructurewastheprinciple
determineraroundwhichpeoplecarriedouttheiractivities.

PROCEDURE FOR DETERMINING SPACE DIVERSITy

Characterization of Spatial Diversity
Amethodologyisproposedforthecharacterizationofthediversityofthespaceinrelationtovariety
ofoptionsforlocationanduseofthespaceundervariousmicroclimaticconditions.Thegraphical
representationofthisspatialdiversityfacilitatesarapidassessmentofsomeofthebasicconditions
ofenvironmentalquality,thosethatallowpeoples’adaptation.

Theproposalisbasedonthetheorythatwell-beinginurbanopenspacesisfounded,inaddition
to physiological parameters, on human factors (Nikolopoulou et al., 2001) and on inhabitants’
abilitytochoosetheurbanmicroclimatebestadaptedtothemandtheiractivities.Thedefinitionof
thermalcomforthasevolvedfromapurelyquantitativedeterminationtowardsaqualitativeapproach
(Shooshtarianetal.,2018).Inadaptivemodels,comfortisbasedontheinteractionbetweenpeopleand
theenvironmentalthermalconditions.Citizensreactbasedontheirphysiologicalandpsychological
conditions. Thus, people with more options with respect to adapting to their environment will
generallyfeelmorecomfortable(Fountainetal.,1996;Brageretal.,2004).Creatingoptionsimproves
livability,increasesthenumberofusersandtheamountofoutdooractivitiesundertaken.Zacharias
etal.(2001),whoidentifykeyideasforclimatesensitiveurbanplanning,emphasizedthecreationof
diversemicroclimatesasawayofenhancingpeoples’physicalandpsychologicaladaptivecapacity.

Theprincipalvariables for thermal regulation(solargain,heatstorageandradiation) indry
climateswithcoldwintersandveryhotsummerslikethatofMadridcanbedrawnfromabaseof
bioclimacticstudies,simulationsandlocalmeasurements:

• Shading:ThemostimportantconsiderationtoavoidenergygainsandTaincrease.
• Paving Materials:Energystorageandradiationcapacity.
• Existence of Trees:shadingelement,non-energyradiatingelementandHRincrease.
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Theimportanceof thesevariableshasbeenanalyzedextensively innumerousinvestigations
(Chatzidimitriouaelal.,2016;Salataelal2015;Tsitouraelal.,2016;Sangkertadielal.,2016).

Thus,apreliminarymapofmicroclimaticdiversityovertheperiodstudiedwascreatedinwhich
5zoneswithdifferentmicroclimaticconditionsaredifferentiated:

Microclimate 1:Verywarmwithoutshadeorgreenery,pavedinenergyaccumulatingmaterials.
Microclimate 2:Warmwithoutshadenorgreenery,pavedinlightorpermeablematerials.
Microclimate 3:Slightlycoolspacewithshade,pavedinenergyaccumulatingmaterials.
Microclimate 4:Coolspacewithshadeandgreenery,pavedinlightorpermeablematerials.
Microclimate 5:Coolestspacewithshadeandgreenery,pavedinlightorpermeablematerials.

Inadditiontothethermaldiversityofthesquarebasicurbandesignparametersthatconditionthe
useofthespacehavebeenincluded:theavailabilityofbenchesandsecondaryseatingandspecificuse
areassuchaschildrenplaygroundsorexercisingareas.Thecrossreferencingofthermalanddesign
variablesleadstotheidentificationof15typesofspaceinadditiontoroadsandnon-pedestrianspaces.
Forexample,aT1typespacewouldbeaverywarmareainthesquarewithoutshadeorgreenery,
withheatabsorbentpaving,seatingareaandotherurbanequipment(Table1).

Thevarietyofspacesinthe2deMayoSquarewouldbedefinedbythenumberoftypesofspace
presentinthesquareandtheirpercentage.Thelargerthenumberofdifferentspacesavailable,the
betterthesquareisadaptedtodiverseclimaticconditions,differentusersandtheirneedsandlong
durationstaysandactivities(Figure4).

Inordertovisualizetheirdistribution,spacesidentifiedhavebeenrepresentedgraphicallyina
5x5mgridforgeometricsimplicity,andoverlaidonthesquaremap(Figure5).

Theclassificationof15spatialtypesisapplicablethroughouttheyearbasedontheselected
variables.Most variables are constant throughout theyear: urban furniture location, spaceuses,
finishingmaterials,treesandvegetation.

Table 1. Space types’ characterization

Microclimate Sitting Place Utilities Space Type Type’s Percentage

Microclimate 1 YES YES T1 0.09%

OR OR T2 0.9%

NO NO T3 16.36%

Microclimate 2 YES YES T4 3.63%

OR OR T5 0.18%

NO NO T6 0%

Microclimate 3 YES YES T7 0%

OR OR T8 0.09%

NO NO T9 15.45%

Microclimate 4 YES YES T10 3.63%

OR OR T11 4.54%

NO NO T12 10%

Microclimate 5 YES YES T13 10%

OR OR T14 7.27%

NO NO T15 0%
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Figure 5. Spatial distribution of square’s diversity represented by space types (valid fron April to September)

Figure 4. Diagram of the variety of space types of 2 de Mayo square
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Thevariablethatchangesovertimeisshading.Onthebasisofmicroclimaticstudies,twodistinct
periodsshouldbeidentified,andthusatleasttwodifferentmapsoftheclimatediversityofaspace
shouldbeproduced:onefortheperiodinwhichthereisgenerallyneedforadditionalheatandone
fortheperiodinwhichheatreductionisapriority.

Itwasobservedthatthe2ofMaySquareoffereditsusersalargechoiceofdifferentrecreational
andusageareas,bothsunnyandshadedwithdiversemicroclimates.Thismadethesquarecomfortable,
comfortunderstoodpreciselyas theavailabilityofdiversemicroclimaticareasenablingusers to
choosewhichbestfacilitatedtheirenjoymentofthespace.

Spatial Diversity and People’s Behavior
Duringthedaytimedata(morningandafternoon),whichisthemainperiodofinfluenceofsunshine
andaccumulationofenergyinpavements,peoplearelocatedbothinthesunandintheshade.There
isacorrelationwiththestrategiesdefinedinthebioclimaticstudyinthewarmestmomentsofthe
day.Itiswhenmostpeople,includingchildren,remaininthecoolestspatialtypes.Anyway,even
whenairtemperatureisover30ºCsomepeopleremaininwarmspatialtypes.

Peopleisusingthemostthewarmest,T1,T2ANDT3,orthecoolestspaces,T13andT14.Space
typesT1,T2andT3areusedby30.65%ofthetotalregisteredpeopleinthemorningand34.8%in
theafternoon.Moreover,51.8%ofthepeopleinthemorningand42.85%intheafternoonarelocated
inT13andT14spatialtypes(Figure6).

These5types,thewarmestandthecoolest,makeup58.25%ofthesurfaceofthesquare,but
welcome82.48%ofthepeopleinthemorningand77.65%intheafternoon.Lessuseismadeof
spatialtypeswithintermediatemicroclimates(Figure7).

Thecoolspacetypesarethemostusedonesonstudydays,astheycorrespondtotheperiod
whenshadingisrequiredtoreachthermalcomfortlevelsaccordingtothebioclimaticstudy.Among
them,typesT10,T13andT14arewidelyused.Theyarethecoolestbutalsohaveurbanfurniture
andservices.

Withincreasingtemperatures,thewarmandverywarmtypesT1,T2,T3,T4andT5arehardly
usedbypeopleinJune.IntypesT1,T2,T4andT5,peoplearemainlytalkingandlookingaround
astheyhavenumerousbenchesandsittingareas.TypeT3correspondsmainlytothecentreofthe

Figure 6. People’s space types utilization (people/m2)
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square,wherealmostallregisteredpeoplewerechildrenplaying.T1typeislocatedinanareawith
benches,nexttooneoftheentrancestothesquareandclosetoaplayground,soitisveryusedeven
ifitssurfaceisveryscarce.

However,typesT3,T9andT12,withoutusesnorfurniture,arescarcelyusedbypeople.Children
playingoradultswaitingforsomeoneusethem.TypeT3correspondsmainlytothecenterofthe
square,wherealmostallregisteredpeoplewerechildrenplaying.T9andT12typesoccupyalargearea
ofthesquare,butthepeoplerarelychoosetheseplaces,becausetheyareestablishedastransitareas.

Theselectedparametersformicroclimatecontrolarenotrelevantatnightintermsofspaceuse.
Thus,atnightpeoplemovetothecentralareaofthesquare,aplaceveryexposedtotheweather
conditionsduringtheday.Duringthenight,theusersarepracticallyalladultstalking,drinkingand
dogwalking.Theactivitieschangesignificantlyfromthoseoftheday.Themainvariableforpeople’s
locationinpublicspacearebenches,sittingplacesandurbanreferences.

CONCLUSION

Thispaperdescribesaclimatic,microclimatic,physicalandusageanalysisofapublicsquare in
Madrid.Itestablishesamethodologyforthecharacterizationofthemicroclimaticandfunctional
diversitythatanurbanspacecanoffer.

Theobservationsandmeasurementsobtainedhaveillustratedtheimportanceofthevariable
ofclimateandactivitieswithinthesquare.Peoplestayedinthe5microclimaticareasthroughout
theanalysisperiod,butareaswithnoreferences,urbanuses,equipmentorfurniturewerescarcely
used.Basicelementsofdesignaroundwhichpeoplemeetwereidentified,confirmingtheexisting
theoriesonthismatter.Itisworthemphasizingthatthebehaviorofchildrenandadolescentsdoes
notcorrespondtoadults’theoreticalmodelsandspecificresearchesarerequired.

Theinvestigationwascenteredonphysicalandclimaticaspectsrelatedtourbandesignandits
conclusionscanbeusefulfordecisionmakingwithrespecttophysicalinterventionsurbanspaces.
Specifically, is suggestsmethodology for theanalysisof a space that canbeappliedprior toan
interventionforthedetectionofdeficienciesandidentificationofelementsthatareeffective.

Thismappingmethodologyenables adeterminationof the extent towhicha spaceoffers a
diversityofmicroclimaticzoneswithdifferentusages,andso,givesusersoptionstochoosethearea
whichbestsuitstheirneeds,activitiesandpersonalpreferences.Italsofacilitatesanenvironmental
qualityassessmentandcomparativeevaluationbetweenurbanspaces.

Thespatialdiversityclassificationmethodologyassiststheurbandesigner:

Figure 7. Comparison between the percentage of surface area of each spatial type and the percentage of people using them
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• Tounderstandtheenvironmentalperformanceofanurbanspace.Toknowifitispossibletouse
thespaceinthermalcomfortconditionsinthecurrentstate,andtoproposereformstomitigate
possibleexistingshortcomings;

• Togettoknowtheurbanmicroclimateofaspace;
• Tocreatediverseurbanmicroclimatesbycombiningfinishingmaterials,vegetation,sunshine

andshade;
• Toselectfinishingmaterials;
• Tolocateinthespaceselectedmaterials;
• Tolocatespace’suses(playgrounds,sportareas…)basedontheirclimaterequirements;
• Tolocateplacestostay(primaryandsecondarybenches)basedonclimaterequirements.

Thisanalysismethodiscomplimentarytoprocessesofcitizenparticipationandsocio-economic
studies.

Justasadynamic,livableanddemocraticcityisbasedonadiversemixtureofpeopleandactivities,
urbanspacesofferingcitizensdiversechoicestofulfilltheirspecificneedsarealsoimportant.Thus,
fromthissmall-scalecasestudy,wehavesoughttodemonstratetheimportanceofthecreationand
recoveryofacityofferingdiversechoicesforitsuse,inordertocreateinclusiveandhumaneurban
spaces.
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