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ABSTRACT 

Climate change and its consequences are becoming a reality that can no longer be ignored. Extreme 

weather events and natural disasters are becoming increasingly frequent and severe worldwide. 

One such extreme weather event is heatwaves. Heatwaves are becoming a hot topic, with ongoing 

research continually expanding our understanding of their adverse impacts. To fully understand the 

consequences of heat, insight is needed into the specific regional vulnerabilities that can affect 

adaptation. Accordingly, this research aimed to investigate the correlation between 

sociodemographic characteristics and self-reported impacts of a heatwave. The aim was to identify 

which populations are vulnerable to heatwaves due to their limited understanding of heat risk. The 

study evaluated not only disparities between different sociodemographic groups but also regional 

disparities. Research of this nature must focus on context, as vulnerability and adaptive capacity 

can vary significantly across different regions. As such, this research placed a specific focus on 

Gauteng and its various metropolitan areas within the province. The relationship between 

sociodemographic characteristics and heat risk perception was evaluated using quantitative 

analysis methods applied to the Gauteng City-Region Observatory (GCRO) Quality of Life (QoL) 

data. The research specifically relied on the Wave 7 data obtained from 2023 to 2024. The analysis 

revealed that, among all the sociodemographic characteristics evaluated, race was the most 

significant variable. Specifically, the lack of heat risk perception among the African population 

group. Further research suggests that this vulnerability is a result of social, economic and political 

exclusion, which has placed barriers in the path of this population group. The research also 

identified that regions within Gauteng have also reported impacts of a heatwave differently, and 

that this variance is likely a result of spatial inequality. Accordingly, it is recommended that 

policymakers implement HHWS and other adaptation strategies that directly address heat risk 

perception in African communities. It also proposes that indirect policy mechanisms be utilised to 

address the pre-existing inequality that contributes to the vulnerability of the African population.   
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1. Introduction 

1.1. Background 

Climateِchangeِ isِoneِofِ theِmostِpressingِglobalِ issues,ِ impactingِallِaspectsِofِourِlives,ِ

fromِeconomicِstabilityِtoِhealth.ِWhileِweِareِallِresponsibleِforِtheِanthropogenicِactivitiesِ

thatِ contributeِ toِ climateِ change,ِ someِ areِmoreِ deeplyِ affectedِ byِ itsِ consequencesِ thanِ

others.ِ Asِ anthropogenicِ activitiesِ continueِ toِ driveِ climateِ change,ِ theِ frequencyِ andِ

intensityِofِextremeِweatherِeventsِareِincreasing,ِposingِsignificant tِhreats tِoِecosystemsِandِ

humanِwell-being. 

Theِworld’sِclimateِhasِbeenِconstantlyِchanging,ِandِitِwillِcontinueِtoِdoِso.ِTheِEarthِhasِ

experiencedِiceِagesِandِinterglacialsِ(warmerِperiods)ِandِhasِsustainedِthroughِthemِall.ِInِ

fact,ِtheِpastِ10,000ِyearsِhaveِbeenِunusuallyِ stableِ forِEarth’sِclimateِ(Dansgaardِetِal.,ِ

1993;ِPetitِetِal.,ِ1999;ِRioualِetِal.,ِ2001).ِHowever,ِsinceِtheِ1800s,ِweِhaveِenteredِtheِ

Anthropocene,ِandِhumanِnatureِisِchallengingِtheِEarth’sِstableِclimate.ِTheِAnthropoceneِ

isِ theِperiodِduringِwhichِ humanityِ hasِ becomeِtheِprimaryِdriverِofِ theِEarth'sِchanges.ِ

Whenِpreciselyِtheِperiodِbeganِisِnotِclear;ِhowever,ِitِhasِbeenِshownِthatِanthropogenicِ

activityِhasِbeenِchangingِtheِearth’sِatmosphereِsinceِ1750ِ(IPCC, 2023a).ِ 

Fossilِfuelِburning,ِchangesِinِlandِuse,ِindustrialِactivity,ِandِdeforestationِhaveِallِincreasedِ

inِ theِAnthropocene,ِcontributingِ toِtheِ riseِ inِ atmosphericِgreenhouseِgasِconcentrations.ِ

Theِgreenhouseِgasِeffectِisِnotِnewِandِhasِbeenِaroundِforِmillenniaِ(Kwekuِetِal.,ِ2018).ِ

However,ِtheِchangeِinِtheِquantityِofِgreenhouseِgasesِinِtheِAnthropoceneِhasِledِtoِwhatِ

weِnowِknowِasِclimateِchange. 

TheِIntergovernmentalِPanelِonِClimateِChangeِ(IPCC)ِclassifiesِclimateِchangeِintoِthreeِ

primaryِ researchِ realms:ِ Science,ِ Adaptation,ِ andِ Mitigation.ِ Thisِ researchِ isِ focusedِ

primarilyِonِadaptationِandِvulnerability.ِAdaptationِ refersِ toِ strategiesِusedِ toِ reduceِtheِ

adverseِeffectsِofِclimateِchange.ِHowever,ِtheِsuccessِofِadaptationِmeasuresِdependsِonِaِ

thoroughِ understandingِ ofِ vulnerability,ِ whichِ encompassesِ bothِ physicalِ exposureِ toِ

climate-relatedِ risksِ andِ theِ socioeconomicِ factorsِ thatِ exacerbateِ susceptibilityِ (H.-O.ِ

Pörtnerِetِal.,ِ2023).ِByِidentifyingِandِaddressingِvulnerabilities,ِadaptationِeffortsِcanِbeِ

moreِtargetedِandِeffectivelyِreduceِharm. 

TheِSouthِAfricanِNationalِClimateِChangeِInformationِSystemِdefinesِclimateِchangeِasِtheِ

‘ongoingِtrendِofِchangesِinِtheِearth’sِgeneralِweatherِconditionsِasِaِresultِofِanِaverageِ
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riseِ inِ theِ temperatureِ ofِ theِ earth’sِ surfaceِ oftenِ referredِ toِ asِ globalِ warming.’ِ (Southِ

Africanِ Nationalِ Climateِ Changeِ Informationِ System,ِ n.d.).ِ Withِ theِ riseِ inِ globalِ

temperatures,ِheatwaves—prolongedِperiodsِofِexcessivelyِhighِtemperatures—areِbecomingِ

moreِfrequentِandِsevereِ(Calvinِetِal.,ِ2023).ِTheِlastِcenturyِhasِshownِaِsharpِincreaseِinِ

bothِtheِfrequencyِandِintensityِofِheatwavesِ(Wangِetِal.,ِ2024).ِEstimatesِsuggestِthatِinِ80ِ

years,ِ7ِbillionِpeopleِwillِbeِexposedِtoِheatwavesِannuallyِwithِaِpredictedِcostِofِ$430ِ

trillionِ(Yinِetِal.,ِ2022). 

SouthِAfricaِ isِ experiencingِ temperatureِ increasesِ atِ twiceِ theِ rateِ ofِ theِ globalِ averageِ

(Scholesِ&ِEngelbrecht,ِ2021).ِMoreِspecifically,ِSouthِAfrica’sِNationalِClimateِChangeِ

AdaptationِStrategyِ (NCCA)ِemphasisesِGautengِasِtheِ regionِwithِ theِhighestِ settlementِ

heatِstressِriskِinِ2050ِ(National Climate Change Adaptation Strategy, 2019; Van Niekerk et 

al., 2020).ِ 

Heatِ isِchallengingِ because,ِdueِtoِ itsِ impactِandِoccurrence,ِ itِdoesِnotِ receiveِ theِ sameِ

attentionِandِmobilisationِasِotherِextremeِweatherِevents.ِHeatِisِnotِnecessarilyِvisible,ِnorِ

isِ itِ alwaysِ ‘newsworthy.’ِ Extremeِweatherِ events,ِ suchِ asِ firesِ orِ flooding,ِ receiveِmoreِ

attentionِdueِtoِtheِmoreِexplicitِnatureِofِtheirِpotentialِharmِ(Mackie,ِ2014;ِWilliamsِetِal.,ِ

2019). 

Theِmainِimpactِofِheatِisِonِtheِhealthِandِwell-beingِofِindividuals.ِTheِincreaseِinِglobalِ

andِ localِ heatِ hasِ physiologicalِ andِ psychologicalِ impactsِ onِ healthِ (Ebiِ etِ al.,ِ 2021).ِ

However,ِtheِburdenِofِthisِ increaseِ inِheatِ isِnotِbeingِborneِequallyِbyِeveryoneِ (IPCC, 

2023b).ِTheِ relationshipِ betweenِ heatِ andِ healthِ isِ complex,ِ withِ numerousِ contributingِ

factors.ِAccordingly,ِanyِresearchِinِtheِfieldِofِheatِandِhealthِmustِattemptِtoِunderstandِ

theِcomplexityِofِtheِdifferentِvariablesِthatِaffectِvulnerability. 

ClimateِChangeِexacerbatesِinequalitiesِandِdisparities,ِcreatingِaِ‘vicious cycle’ِthatِimpactsِ

marginalisedِgroupsِbyِincreasing tِheirِexposure tِoِclimateِchange rِisksِandِpreventingِfurtherِ

accessِtoِadaptationِandِmitigationِresourcesِ(Islamِ&ِWinkel,ِ2017).ِPoorerِcommunitiesِareِ

oftenِ forcedِtoِliveِ inِareasِthatِareِmoreِsusceptibleِtoِextremeِweatherِevents.ِTheyِalsoِ

haveِfewerِresourcesِtoِadaptِtoِtheِimpactsِofِclimateِchangeِandِareِthereforeِnotِonlyِmoreِ

susceptibleِtoِclimateِchangeِbutِalsoِmoreِvulnerable.ِAsِsuch,ِtheyِdoِnotِ‘bounceِback’ِ asِ

quicklyِafterِextremeِweatherِeventsِwhenِcomparedِ toِtheِwealthyِorِmoreِaffluent.ِThisِ

widensِtheِdisparity,ِandِasِthatِgapِwidens,ِ itِbecomesِevenِmoreِdifficultِ forِtheِpoorِtoِ

catchِupِandِrecover. 
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Southِ Africa’sِ long-standingِ socialِ andِ economicِ inequalitiesِ aggravateِ theِ country'sِ

vulnerabilityِtoِclimateِchange.ِSouthِAfricaِfacesِrisingِpoverty,ِgrowingِunemploymentِandِ

aِGiniِ coefficientِ thatِ remainsِ oneِ ofِ theِ highestِ inِ theِworldِ (Francis & Webster, 2019; 

Makgetla, 2020).ِTheseِissuesِareِcompoundedِbyِaِhistoryِofِracialِsegregationِthatِleftِmostِ

ofِ theِ populationِ sociallyِ andِ economicallyِ marginialisedِ (Hoogeveen & Özler, 2005; 

Seekings, 2007).ِ ِThisِ hasِ resultedِ inِwidespreadِ poverty,ِ inadequateِ accessِ toِ healthcare,ِ

housingِquality,ِandِvaryingِlevelsِofِeducation,ِallِofِwhichِshapeِanِindividual’sِabilityِtoِ

respondِtoِandِcopeِwithِextremeِheat.ِ 

Accordingly,ِsociodemographicِcharacteristicsِsuchِas rِace,ِsex,ِage,ِeducation,ِandِhouseholdِ

wealthِstatusِcanِaffectِbothِperceivedِandِactualِvulnerabilityِtoِclimateِrisks.ِInِthisِcontext,ِ

sociodemographicِrefersِ toِtheِcombinationِofِ socialِandِdemographicِcharacteristicsِofِanِ

individual.ِ Itِ canِ includeِ elementsِ suchِ asِ age,ِ sex,ِ education,ِ andِ income,ِ andِ canِ beِ

influencedِbyِfactorsِsuchِasِsocialِclass,ِculture,ِlocality,ِandِothers. 

1.2. Rationale & Contribution 

Theِeffectsِofِheatِstressِonِhealthِhasِbecomeِaِhotِtopicِinِacademia.ِMuchِofِtheِexistingِ

researchِ focusesِ onِ theِ directِ physiologicalِ impactsِ ofِ heatِ exposure,ِ particularlyِ inِ

epidemiologyِ andِmeteorologyِ (Dawson et al., 2007; Diaz, 2014a; Gasparrini et al., 2015; 

Gosling et al., 2009a; Ye et al., 2012).ِEpidemiologicalِ studiesِ haveِexaminedِheat-relatedِ

mortalityِ andِmorbidity,ِ highlightingِ theِ increasedِ risksِ ofِ cardiovascular,ِ respiratory,ِ andِ

heatstroke-relatedِ illnessesِ (Błażejczykِ etِ al.,ِ 2018a;ِ Deschenes,ِ 2014;ِ Hajatِ &ِ Kosatky,ِ

2010a; Kovats & Hajat, 2008a).ِMeteorologicalِstudies,ِon tِheِotherِhand,ِhaveِfocusedِonِtheِ

measurementِ andِ spatialِ distributionِ ofِ extremeِ heat,ِ mappingِ urbanِ heatِ islandsِ andِ

identifyingِheatِhotِspotsِ(Ncongwaneِet al.,ِ2021).ِ 

Whileِ theseِ scientificِ approachesِ provideِ valuableِ insights,ِ theyِ oftenِ overlookِ theِ

sociodemographicِandِeconomicِdimensionsِthatِshapeِvulnerabilityِtoِheat.ِAnِindividual’sِ

susceptibilityِtoِextremeِheatِisِnotِsolelyِaِmatterِofِphysiologicalِresponseِbutِisِalsoِdeeplyِ

influencedِ byِ socioeconomicِ conditions,ِ demographicِ characteristics,ِ andِ structuralِ

inequalitiesِ(Reidِetِal.,ِ2012).ِ 

Thisِmeansِlookingِnotِonlyِatِtheِfutureِrisksِposedِbyِclimateِchangeِbutِalsoِatِtheِcurrentِ

riskِelementsِ thatِpopulationsِmayِalreadyِbeِ facing.ِTheseِexistingِ risksِ needِ toِconsiderِ

factorsِsuchِasِanِ individual’sِunderstandingِofِclimateِchangeِandِadaptationِstrategies.ِItِ
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alsoِrequiresِanِunderstandingِofِtheِfactorsِthatِmayِinfluenceِindividuals'ِadaptationِlevelsِ

(Okunola et al., 2022). 

Accordingly,ِ researchِ thatِ exploresِ theِ sociodemographicِ influencesِ onِ climateِ changeِ

vulnerabilityِcanِprovideِ‘uniqueِandِcrucial’ِ contributionsِtoِclimateِchangeِresearchِ(Lutz 

& Striessnig, 2015).ِTheِmoveِinِthisِregardِisِevidencedِbyِtheِinclusionِofِdemographicsِ

suchِasِageِsexِandِeducationِintoِtheِSharedِSocioeconomicِPathwaysِ(SSPs)ِ(B.ِC.ِO’Neillِ

et al., 2017).ِSouthِAfricaِisِoneِofِtheِmostِunequalِsocietiesِinِtheِworld,ِwithِitsِhistoricalِ

andِ structuralِ disparitiesِ extendingِ beyondِ economicِ inequalityِ toِ influenceِ health,ِ

infrastructureِaccess,ِandِclimateِresilienceِ(Francisِ&ِWebster,ِ2019).ِClimateِchangeِandِitsِ

consequencesِunmaskِmultipleِlayersِofِinequality,ِbothِonِaِglobalِscaleِ(Roberts,ِ2001)ِandِ

withinِindividualِcountriesِ(Islamِ&ِWinkel,ِ2017).ِ 

Byِinvestigatingِperceivedِvulnerabilityِtoِheatِthroughِaِsociodemographicِlens,ِthisِstudyِ

willِ contributeِtoِ theِgrowingِbodyِofِ researchِonِclimateِ justiceِandِhealthِequity.ِ Itِwillِ

provideِ evidenceِ ofِ howِ sociodemographicِ factorsِ areِ associatedِwithِ perceptionsِ ofِ andِ

vulnerabilityِtoِheat. 

Vulnerabilityِstudiesِareِbecomingِincreasinglyِprevalent,ِandِweِareِbeginningِtoِunderstandِ

howِ sociodemographicِ variablesِ relateِ toِ theِ impactِ ofِ heat.ِ However,ِ theِ relationshipِ

betweenِtheseِvariablesِdiffersِbyِregionِ(Akompabِetِal.,ِ2013).ِTheseِdifferencesِmakeِitِ

essentialِ thatِ researchِ isِ conductedِ inِ differentِ regionsِ toِ gainِ aِ moreِ generalisedِ

understandingِofِtheirِinteractionِ(Chen,ِ2024).ِThisِisِespeciallyِimportantِforِregionsِwhereِ

heatِisِexpectedِtoِincreaseِ(Howeِetِal.,ِ2019). 

Studiesِareِalsoِfocusingِonِheatِriskِperceptionِandِitsِcontributionِtoِadaptation,ِbehaviour,ِ

andِvulnerability.ِTheseِstudiesِaimِtoِidentifyِwhatِsociodemographicِcharacteristicsِhaveِtheِ

mostِsignificantِinfluenceِonِheatِriskِperceptionِ(Hass et al., 2021).ِHowever,ِinِmeasuringِ

heatِriskِperception,ِmostِstudiesِaskِaboutِknowledgeِofِtheِpotentialِharmِofِheatِ(Bai et al., 

2013; Liu et al., 2013a; Madrigano et al., 2018; Rauf et al., 2017).ِThisِstudyِwillِtakeِitِfurtherِ

andِaskِwhetherِindividualsِhaveِactuallyِbeenِimpactedِbyِtheِconsequencesِofِextremeِheat.ِ

Inِthisِway,ِtheِresearchِaddsِdepthِtoِheatِriskِperception,ِasِparticipantsِwouldِhaveِtoِbothِ

beِawareِofِtheِimpactsِofِheatِandِbeِableِtoِrecogniseِtheirِeffects.ِ 

Theِmainِcontributionِofِ thisِstudyِwillِbeِtheِ identificationِofِdifferentِsociodemographicِ

variablesِ andِ theirِ correlationِ withِ heatِ riskِ perceptionِ inِ Gauteng.ِ Understandingِ theِ

relationshipِ betweenِ theseِ variablesِ willِ enableِ policymakersِ toِ makeِ informedِ decisionsِ
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aboutِhow tِoِeffectivelyِcommunicateِheatِriskِinِHeatِAdaptationِPlans,ِHeatِHealthِWarningِ

Systems,ِandِotherِpolicyِdecisions. 

1.3. Aim and Objectives 

1.3.1. Aim 

Theِoverallِaimِofِthisِresearchِisِtoِidentifyِtheِsociodemographicِcorrelatesِofِperceptionsِ

ofِtheِimpactِofِheatwavesِinِSouthِAfrica’sِGautengِprovince.ِ 

Theِ focusِ willِ beِ onِ understandingِ vulnerabilityِ toِ heatِ inِ Gauteng,ِ aِ provinceِ thatِ

experiencesِ extremeِ temperatureِ fluctuationsِ andِ isِ highlyِ urbanised.ِ Theِ researchِ willِ

exploreِ howِ factorsِ suchِasِage,ِ race,ِ sex,ِeducationِandِ householdِwealthِcorrelateِ toِanِ

individual'sِheatِriskِperception. 

Theِ investigationِ intoِ theِ relationshipِ betweenِ heatِ riskِ perceptionِ andِ sociodemographicِ

variablesِhopesِtoِhighlightِhowِexistingِdisparitiesِinteractِwithِheatِandِtheِimplicationsِofِ

theseِ forِvulnerabilitiesِofِ specificِpopulationِgroups.ِThisِwillِbeِachievedِbyِspecificallyِ

evaluatingِandِinvestigatingِwhetherِindividualsِreportِonِtheِimpactsِofِaِheatwaveِandِhowِ

thisِreportingِrelatesِtoِdifferentِsociodemographicِvariables. 

Inِthisِway,ِtheِresearchِaimsِtoِprovideِaِdeeperِunderstandingِofِtheِrelationshipِbetweenِ

heatِandِsociodemographicِvariables,ِdemonstratingِthatِalthoughِheatِdoesِnotِdiscriminateِ

betweenِ individuals,ِ variousِ sociodemographicِ factorsِ canِ influenceِ vulnerabilityِ throughِ

changesِinِheatِriskِperception.ِItِwillِprovideِinsightِintoِwhatِpopulationِgroupsِneedِmoreِ

targetedِinterventionsِforِadaptationِmethods.ِ 

Thisِ willِ beِ doneِ usingِ aِ conceptualِ frameworkِ thatِ emphasisesِ theِ interactionِ betweenِ

differentِcomponentsِ inِheatِandِhealthِadaptation.ِTheِ frameworkِwillِprovideِaِbasisِ forِ

depictingِandِdefiningِ howِsociodemographicِ variables,ِasِaxesِofِ inequality,ِ interactِwithِ

otherِcomponents,ِsuchِasِadaptationِmechanismsِandِhealthِrisks.ِThroughِtheseِinteractions,ِ

theِresearchِaimsِtoِdemonstrateِthatِsociodemographicِvariablesِareِpartِofِaِbroaderِcontextِ

andِthatِtheirِrelationshipِinِthisِcontextِisِsignificantِforِvulnerabilityِandِadaptationِtoِheat. 

Accordingly,ِ theِ researchِaimsِ toِ informِpolicymakersِonِ howِ toِ effectivelyِcommunicateِ

heatِadaptationِmeasures.ِThisِinformationِcanِbeِutilisedِtoِensureِthatِresponsesِtoِheatِandِ

heatِadaptationِplansِdoِnotِleaveِanyِpopulationِgroupِbehind.ِTherebyِbreakingِtheِviciousِ

cycleِofِinequality. 
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1.3.2. Objectives 

1. ToِevaluateِhowِGautengِresidentsِself-reportِtheirِexperienceِofِheatwaveِimpacts. 

Asِheatwavesِintensifyِandِbecomeِmoreِfrequent,ِweِaim tِoِassessِwhetherِGauteng rِesidentsِ

areِexperiencingِtheِimpactِofِtheseِeventsِandِreportingِonِthem.ِ 

2. Toِ evaluateِ howِ theِ self-reportedِ impactsِ ofِ aِ heatwaveِmayِ varyِ acrossِ differentِ

regionsِinِGauteng. 

Differentِ regionsِ mayِ haveِ distinctِ sociodemographicِ profiles.ِ Thisِ objectiveِ examinesِ

whetherِtheِimpactِofِheatwavesِvariesِdependingِonِtheِlocalِpopulation'sِsociodemographicِ

characteristics. 

.ِ 

3. Toِevaluateِhowِsociodemographicِvariablesِareِassociatedِwithِself-reportedِimpactsِ

ofِaِheatwave. 

Sociodemographicِ factorsِ suchِ asِ age,ِ sex,ِ householdِ wealth,ِ education,ِ andِ raceِ canِ allِ

changeِ howِ individualsِ experienceِ andِ reportِ heatwaves.ِ Thisِ objectiveِ examinesِ theِ

relationshipِ betweenِ theseِ sociodemographicِ variablesِ andِ theِ impactsِ reportedِ byِ

individuals,ِhelpingِtoِidentifyِwhoِisِmostِvulnerableِorِmostِimpactedِbyِextremeِheat. 
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2.  Literature Review 

2.1. Conceptual Framework on Adaptation to Heat 

Thisِresearchِisِsituatedِwithinِtheِcontextِofِclimateِadaptationِandِvulnerability.ِNumerousِ

frameworksِhaveِ beenِdevelopedِ toِevaluateِandِanalyseِ howِvulnerabilityِ andِadaptationِ

interrelate.ِThereِareِmoreِcommonِframeworks,ِsuchِasِthoseِfocusedِonِvulnerabilityِriskِ

andِadaptationِ(Brooks,ِ2003)ِandِothers tِhatِappliedِsocio-economicِfactors tِoِclimateِchangeِ

(IUCNِ&ِSEI-B,ِ2004).ِHowever,ِasِclimateِchangeِadaptationِhasِdeveloped,ِframeworksِ

haveِ becomeِ moreِ integratedِ andِ complex.ِ Frameworksِ haveِ beenِ designedِ toِ addressِ

intersectionalِvulnerabilityِ(Amorim-Maiaِetِal.,ِ2022)ِandِtoِunderstandِtheِinterrelationshipِ

betweenِdifferentِpertinentِfactorsِ(Simpsonِetِal.,ِ2021). 

Whileِ allِ ofِ theseِ frameworksِ mayِ haveِ someِ applicabilityِ toِ ourِ study,ِ itِ isِ essentialِ toِ

identifyِaِframework tِhatِdefinesِandِexplainsِourِresearchِquestionsِinِaِwayِthatِguidesِthemِ

withoutِrestrictingِthem.ِInِlightِofِthis,ِourِresearchِwillِrelyِuponِtheِ‘HumanِAdaptationِtoِ

Heatِ inِ theِContextِofِClimateِChange’ِ conceptualِ frameworkِ(Navas-Martínِetِ al.,ِ2024).ِ

Thisِ frameworkِ aimsِ toِ elucidateِ theِ complexityِ ofِ variousِ relationshipsِ withinِ climateِ

changeِadaptation,ِwithِaِspecificِfocusِonِtheِaspectِofِheat.ِ 

Theِ frameworkِcomprisesِ fiveِcomponents,ِorganisedِ intoِtwoِlevelsِandِthreeِdomains.ِItِ

demonstratesِhowِeachِcomponentِaffectsِheatِadaptationِandِvulnerabilityِinِdistinctِways,ِ

andِ howِ theseِ influencesِ canِ beِ categorisedِ andِ interrelatedِ intoِ differentِ domains.ِ Theِ

frameworkِemphasisesِaِmultidisciplinaryِapproach. 

Theِfirstِcomponentِisِclimateِchange.ِItِreflectsِtheِanthropogenicِnatureِofِclimateِchangeِ

andِtheِtwoِprimaryِresponsesِtoِit:ِadaptationِandِmitigation.ِTheِcomponentِisِtheِcontextِ

withinِwhichِtheِrestِofِtheِframeworkِoperates. 

Theِ secondِ componentِ isِ vulnerability,ِ whichِ refersِ toِ theِ capacityِ ofِ communitiesِ orِ

individualsِtoِreduceِtheِnegativeِhealthِimpactsِofِheat.ِVulnerabilitiesِcanِincludeِexposureِ

toِheat,ِhealthِ sensitivity,ِorِotherِ riskِ factors.ِVulnerabilityِ helpsِ identifyِ theِaspectsِofِaِ

systemِorِtheِpeopleِinِaِsocietyِthatِneedِtheِmostِattention.ِItِincludesِexposure,ِadaptiveِ

capacityِandِsensitivity. 

The tِhirdِcomponent iِsِhealth rِisks,ِspecifically, tِheِevents tِhat iِmpactِmortalityِandِmorbidity.ِ

Risksِ canِ beِ seenِ asِ anِ intersectionِ ofِ theِ firstِ twoِ components,ِ asِ climateِ changeِ bringsِ
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numerousِfactorsِthatِcanِinfluenceِanِindividual'sِrisk,ِsuchِasِfoodِsecurityِandِairِquality.ِ

Theِmainِriskِtoِhealthِinِourِstudyِisِheatwaves. 

Theِfourthِcomponentِisِaxesِofِinequality,ِwhichِaccountsِforِhowِdifferentِdistributionsِofِ

powerِ withinِ aِ societyِ impactِ healthِ andِ climateِ change.ِ Someِ ofِ theِ differentِ axesِ ofِ

inequalityِmentionedِinِtheِframeworkِareِsocialِclass,ِrace,ِage,ِsex,ِandِterritory.ِTheِaxesِ

referِtoِaccessِtoِsocialِandِeconomicِresourcesِthatِcanِeffectivelyِmaintainِgoodِhealthِandِ

mitigateِtheِadverseِeffectsِofِclimateِchangeِonِhealth. 

Theِfinalِcomponentِisِhealthِoutcomes,ِwhichِeffectivelyِmeasureِvariousِindicatorsِofِhealthِ

forِeitherِanِ individualِorِaِ society.ِTheِmostِcommonِhealthِoutcomesِareِmorbidityِandِ

mortality;ِ however,ِ theِ scopeِ isِ notِ limitedِ toِ theseِ alone.ِ Inِ climateِ changeِ andِ healthِ

research,ِ thereِ areِ stillِ challengesِ inِ directlyِ linkingِ climateِ changeِ toِ healthِ outcomes;ِ

however,ِitِisِclearِthatِtheyِareِrelated. 

Theِlevelsِareِindividualِandِsocial.ِThisِmeansِthatِadaptationِisِeitherِexaminedِonِaِmicroِ

levelِ(individual)ِorِaِmacroِlevelِ(social).ِHowever,ِtheِtwoِlevelsِareِnotِentirelyِseparate,ِ

andِtheِrelationshipِbetweenِhowِtheِindividualِrelatesِtoِsocietyِisِalsoِessential.ِ 

Theِframeworkِencompasses tِhreeِdomains:ِphysiological,ِcultural,ِandِpolitical.ِTheِdomainsِ

provideِwaysِ forِ individualsِ andِ communitiesِ toِ adaptِ toِ climateِ changeِ inِ aِmannerِ thatِ

protectsِtheirِhealth.ِ 

Physiologicalِ adaptationsِ referِ toِ theِ biologicalِ processesِ byِ whichِ anِ individual'sِ bodyِ

respondsِ toِ heat.ِThisِ isِ alsoِ knownِ asِ acclimatisation.ِAcclimatisationِ isِ specificِ toِ theِ

individualِandِdifficultِtoِgeneraliseِforِdifferentِpopulationِgroups. 

Culturalِadaptationِrefersِ toِtheِdegreeِtoِwhichِanِ individualِorِcommunityِ isِreceptiveِtoِ

differentِadaptationِtechniques.ِCultureِcanِdictateِwhetherِaِcommunityِcanِadaptِquicklyِorِ

efficiently.ِ Culturalِ adaptationِ isِ usuallyِ splitِ intoِ behaviouralِ orِ technicalِ adaptations.ِ

Behaviouralِadaptationِrefersِtoِtheِchangeِinِhowِanِindividualِorِcommunityِconductsِitsِ

affairs.ِTheِ shiftِ inِ behaviourِ canِmakeِ themِmoreِ vulnerableِ orِmoreِ resilient.ِTechnicalِ

adaptationِrefersِtoِtheِimplementationِofِtechnologyِandِtoolsِinِaِmannerِthatِenhancesِtheِ

resilienceِofِcommunitiesِorِindividuals.ِ 

Politicalِadaptationِ refersِ toِpolicyِdecisionsِmadeِatِ theِcommunityِorِ individualِ levelِ toِ

createِaِclimate-resilientِsociety.ِPoliciesِcanِbeِdirectِorِ indirect.ِDirectِpoliciesِ interveneِ
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directlyِbetweenِheatِandِitsِnegativeِimpacts.ِIndirectِpolicies,ِalthoughِnotِdirectlyِintendedِ

toِreduceِtheِimpactِofِheatِonِhealth,ِstillِreduceِtheِnegativeِconsequences. 

Figure 2.1 Conceptual Framework of Human Adaptation to Heat in the Context of 

Climate Change (Navas-Martínِetِal.,ِ2024). 

 

 

Usingِthisِframework,ِourِresearchِwillِfocusِonِhowِtheِaxesِofِ inequalityِrelateِtoِhealthِ

risks,ِ specificallyِ theِ reportedِ impactsِ ofِ aِ heatwaveِ and,ِ consequently,ِ vulnerability.ِTheِ

purposeِofِtheِframeworkِisِtoِillustrateِthisِinteractionِinِcontextِandِshedِlightِonِhowِtheِ

axesِofِinequalityِwithinِheatِandِhealthِinfluencesِtheِentireِsystem.ِ 

2.2. Heatwaves in Context 

2.2.1. Heat 

Climateِchangeِisِoftenِreferredِtoِasِglobalِwarmingِbecauseِoneِofِtheِmajorِchangesِisِanِ

increaseِinِtheِEarth’sِaverageِsurfaceِtemperature.ِِAsِtheِglobalِsurfaceِtemperatureِrises,ِ

soِtooِdoِextremeِregionalِtemperaturesِ(Seneviratneِetِal.,ِ2021).ِTheِregionalِtemperatureِ

changesِthenِalsoِincreaseِtheِlikelihoodِofِextremeِ‘multi-dayِheatِevents’ِ (Hartmannِetِal.,ِ
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2014).ِ Theseِ multi-dayِ heatِ eventsِ areِ oftenِ referredِ toِ asِ heatwaves;ِ however,ِ noِ setِ

definitionِofِaِheatwaveِcurrentlyِexists.ِThisِisِbecauseِacclimatisationِandِadaptationِdifferِ

perِregion,ِandِtherefore,ِheatِmustِbeِunderstoodِinِcontext.ِ 

TheِIPCCِdefinesِaِheatwaveِasِaِperiodِofِweatherِthatِexceedsِaِthreshold.ِThisِthresholdِ

mayِbeِdeterminedِbyِlookingِatِwhetherِtheِtemperatureِexceedsِtheِ90thِpercentileِforِthatِ

calendarِdateِorِbyِevaluatingِwhetherِtheِtemperatureِexceedsِanِabsoluteِmaximum,ِsuchِasِ

35°Cِ (Seneviratneِ etِ al.,ِ 2021).ِ However,ِ theِ IPCCِ concedesِ thatِ theِ determinationِ ofِ aِ

thresholdِ mightِ changeِ overِ timeِ dueِ toِ differentِ adaptationsِ andِ acclimatisation.ِ Theِ

definitionِofِaِheatwaveِ isِ importantِbecauseِdifferentِdefinitionsِcanِhaveِanِeffectِonِtheِ

estimatedِ impactِonِhealthِ (Tongِetِal.,ِ2010;ِXuِetِal.,ِ2016,ِ2017).ِStudiesِdoِshowِthatِ

intensityِisِmoreِimportant tِhanِdurationِandِthatِheatwavesِmustِbeِdefinedِaccordingِtoِlocalِ

orِregionalِcontextsِِ(WMO,ِ2023;ِXuِetِal.,ِ2016). 

2.2.2. Heat in South Africa 

Regardlessِofِwhichِdefinitionِisِusedِtoِdefineِaِheatwave,ِthereِisِevidenceِtoِshowِthatِinِ

Africa, tِheِfrequency,ِintensityِandِlengthِofِheatwavesِisِincreasingِ(Seneviratneِetِal.,ِ2021).ِ

InِSouthِAfrica,ِthereِhasِbeenِaِgeneralِtrendِofِdecreasingِcoldِextremesِandِincreasingِhotِ

extremesِ(Krugerِ&ِSekele,ِ2013).ِTheِWorldِHealthِOrganisationِpredictsِthatِtheِnumberِofِ

heatwavesِperِyearِcouldِincreaseِbyِbetweenِ25ِandِ145ِdaysِ(WHO,ِ2015).ِToِmitigateِtheِ

risksِ associatedِ withِ theseِ extremeِ heatِ events,ِ theِ Southِ Africanِ Weatherِ Serviceِ hasِ

providedِ aِ regionalِ definitionِ ofِ aِ heatwave:ِ “a prolonged period (3 days or longer) of 

excessively high temperatures that are 5°C or above the average maximum for a particular 

region”ِ(WernerِVanِDyk,ِn.d.).ِFromِFigureِ2.2,ِitِisِclearِthatِtheِtemperatureِthresholdsِforِ

mostِ ofِGautengِ areِ betweenِ26°Cِ andِ36°C. Havingِ aِ lowِ thresholdِ isِ notِ necessarilyِ aِ

positiveِthing,ِasِitِmeansِindividualsِareِlessِacclimatedِtoِextremeِheat. 

 

Figure 2.2. Map of South African Heatwave Temperature Thresholds (SouthِAfricanِ

WeatherِService). 
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HeatِstudiesِhaveِgrownِinِprevalenceِinِSouthِAfrica,ِwithِstudiesِfocusedِonِtheِrelationshipِ

betweenِ healthِ andِ heatِ (Scovronickِ etِ al.,ِ 2018;ِWichmann,ِ 2017)ِ andِ someِ focusedِ onِ

differentِvulnerabilitiesِ(Souverijnsِetِal.,ِ2022;ِWrightِetِal.,ِ2019).ِWhileِtheseِstudiesِhaveِ

providedِtheِnecessaryِfoundations,ِmoreِregionallyِspecificِheatِvulnerabilitiesِstillِneedِtoِ

beِunderstood. 

2.2.3. Urban Heat Islands 

Urbanisationِcreatesِhotspotsِofِheat,ِreferredِtoِasِUrbanِHeatِIslandsِ(UHIs).ِThisِeffectِisِ

explainedِbyِurbanِareasِtrappingِheatِatِnight,ِwhenِitِisِmeantِtoِgetِcoolerِ(Clarke,ِ1972),ِ

andِdueِtoِtheِhigherِpopulationِdensitiesِinِurbanِareasِ(Buechleyِetِal.,ِ1972).ِUrbanِareasِ

alsoِabsorbِmoreِheatِandِusuallyِhaveِlessِspaceِforِheatِtoِescape.ِTheِresultِofِtheِUHIِisِ

thatِurbanِareasِmayِexperienceِtheِsameِtemperatureِasِruralِareas,ِbutِtheirِexposureِtoِheatِ

isِ moreِ intense.ِ However,ِ thisِ increasedِ exposureِ doesِ notِ alwaysِ resultِ inِ increasedِ

awareness,ِdespiteِurbanِareasِtypicallyِhavingِmoreِaccessِtoِinformationِ(McGregorِetِal.,ِ

2015).ِ 
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2.2.4. Impacts of Heat on Health 

Whileِstudiesِonِtheِrelationshipِbetweenِheatِandِhealthِhaveِgrownِinِtheِlastِfewِdecades,ِ

someِstudiesِhaveِfoundِa rِelationshipِbetweenِheatِandِhealthِgoingِbackِ150ِyearsِ(Ekamperِ

etِal.,ِ2009).ِِHeatِhasِbothِdirectِandِindirectِimpactsِonِhealth.ِWhileِindirectِimpactsِcanِ

coverِaِwideِ rangeِofِconsequencesِofِ heat,ِ theِdirectِ impactsِareِthoseِthatِareِ feltِmoreِ

acutely.ِSomeِexamplesِofِdirectِimpactsِareِheatِstroke,ِheatِstress,ِexacerbationsِofِexistingِ

illnesses,ِmentalِhealthِissuesِandِhospitalisationِ(G.ِCisséِetِal.,ِ2023). 

Theِmainِ impactِ ofِ heatِonِ healthِ isِ heatِ stress.ِHeatِ stressِ isِwhenِ theِ body’sِ abilityِ toِ

thermoregulateِgetsِdisrupted,ِandِthus,ِtheِindividual'sِbodyِtemperatureِbeginsِtoِrise,ِandِ

theyِmayِexperienceِphysiologicalِfailureِorِevenِdeathِ(Błażejczykِetِal., 2018b).ِTheِprimaryِ

indicatorِofِheatِstressِisِaِriseِinِbodyِtemperature.ِThus,ِunlessِsupervisedِbyِaِphysician,ِ

theِindividualِmustِbeِableِtoِmonitorِtheirِtemperatureِandِbeِawareِofِwhenِtheyِmightِbeِ

experiencingِ heatِ stress.Accordingِ toِ Theِ Lancet,ِ thereِ wereِ 50ِ moreِ daysِ ofِ ‘health-

threateningِheat’ِ inِ2024ِthanِthereِwereِinِ2023ِ(Romanelloِetِal.,ِ2024).ِTheِprimaryِfocusِ

ofِtheِimpactِofِheatِonِhealthِhasِbeenِitsِeffectِonِmorbidityِandِmortality,ِwithِanِestimatedِ

increasedِ riskِofِmortalityِ byِ betweenِoneِandِthreeِpercentِperِchangeِ inِdegreesِCelsiusِ

(Hajat & Kosatky, 2010b).ِHowever,ِoneِshouldِtakeِcautionِwhenِinterpretingِtheseِresults,ِ

asِeachِstudyِisِlikelyِtoِuseِdifferentِhealthِvariablesِtoِdefineِmortalityِandِmeteorologicalِ

variablesِ toِ defineِ aِ heatwaveِ (Diaz, 2014b).ِThus,ِ itِ becomesِ essentialِ toِ understandِ theِ

relationshipِinِtheِcontextِofِtheِpopulationِbeingِstudiedِ(Gosling et al., 2009b).ِThatِmeansِ

lookingِatِtheirِuniqueِvulnerabilitiesِandِresiliencies.ِ 

Inِ theِ contextِ ofِAfrica,ِ Ncongwaneِ etِ al.ِ foundِ thatِ thereِ hasِ beenِ lessِ researchِ onِ theِ

relationshipِ betweenِ mortalityِ andِ heatِ thanِ inِ theِ developedِ worldِ (Ncongwane, Botai, 

Sivakumar, & Botai, 2021).ِ Thisِ isِ concerningِ dueِ toِ theِ vulnerabilityِ ofِ someِAfricanِ

populationsِtoِheatِ(Kundaِetِal.,ِ2024).ِHowever,ِstudiesِshowِthatِtheِrelationshipِbetweenِ

mortalityِ andِ heatِ isِ stillِ prevalentِ inِ Africaِ (Kunda et al., 2024; Ncongwane, Botai, 

Sivakumar, & Botai, 2021).ِ Theِ gapsِ thatِ currentlyِ existِ areِ vulnerabilityِ assessmentsِ inِ

differentِdemographics,ِstudiesِonِindividualِexperiencesِandِresponsesِtoِheat,ِUrbanِHeatِ

Islandِevaluations,ِandِfurtherِresearchِonِheatِadaptationsِ(Ncongwane, Botai, Sivakumar, & 

Botai, 2021). 

In the economics literature, there have been different methods employed in order to test or identify the 

relationship between heat and health. While some studies employ regression models to find 

relationships between heat and the actions that stem from heat, such as decision making 
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(Escobar Carias et al., 2024), or hospital visits (Fritz, 2022). Other studies employ econometric 

models in order to test how the relationship between heat and health might change due to the 

consideration of other factors, such as previous exposure (Barreca et al., 2015) or access to healthcare 

(Mullins & White, 2020). Regardless of the method employed, these studies have identified that the 

relationship between heat and health is not strictly linear and the importance of factoring in different 

variables within the research. 

2.3. Heat Adaptation 

Adaptationِtoِheatِdoesِnotِoftenِrequireِstructuralِchanges;ِmostِadaptationِbehavioursِrelyِ

on tِheِindividualِtoِengageِinِminorِchanges.ِResearchِhasِfoundِthatِchangesِsuchِasِdressingِ

differentlyِorِdrinkingِwaterِ(Liuِetِal.,ِ2013a)ِorِstrategiesِsuchِasِavoidingِtheِsun,ِresting,ِ

seekingِ coolِ spotsِ orِ usingِ aِ fanِ orِ airِ conditioningِ (Kunz-Plappِ etِ al.,ِ 2016)ِ haveِ beenِ

effectiveِinِreducingِtheِimpactsِofِheat.ِWhileِadaptationِrequiresِtheِadjustmentِofِexistingِ

systems,ِthisِadjustmentِcannotِoccurِunlessِindividualsِareِawareِofِtheِrisksِandِwillingِtoِ

respondِtoِthem.ِItِisِimportantِtoِemphasiseِthatِalthoughِindividualِactionsِtoِadaptِtoِheatِ

canِbeِbeneficial,ِmoreِ‘all-encompassing’ِ approachesِareِnecessary.ِTheِ‘all-encompassing’ِ

approachِ suggestedِ byِ theِ authorsِ includesِ education,ِ finance,ِ serviceِ deliveryِ andِ

infrastructureِchangeِasِsomeِofِtheِrelevantِconsiderationsِ(Wrightِetِal.,ِ2022). 

2.3.1. Heat awareness 

Forِanِindividualِtoِengageِinِadaptiveِbehaviours,ِtheyِmustِfirstِbeِawareِofِtheِheatِitselfِ

andِ theِ risksِ itِ posesِ toِ theirِ health.ِ Itِ wasِ foundِ thatِ inِ theِ lower-ِ andِ middle-incomeِ

countries,ِoneِofِtheِmoreِcommonِadaptationِresponsesِimplementedِisِincreasedِawarenessِ

andِinformationِ(Scheelbeekِetِal.,ِ2021).ِ 

Ifِanِindividualِisِunawareِofِaِheatِwaveِorِtheِassociatedِrisks,ِthenِitِisِdoubtfulِthatِtheyِ

willِengageِinِhealth-protectiveِbehavioursِ(Sheridanِ&ِAllen,ِ2018).ِThisِisِanِissueِwhereِ

individualsِdoِnotِunderstandِthatِextremeِtemperaturesِareِaِriskِtoِtheirِhealthِandِareِnotِ

accordinglyِsupportiveِofِeitherِmitigationِorِadaptationِstrategiesِ (DeBonoِetِal.,ِ2012).ِInِ

Korea,ِtheِintroductionِofِaِnationalِhealthِwarningِsystemِincreasedِpublicِawarenessِofِheatِ

wavesِandِthereforeِincreasedِheat-protectingِbehavioursِ(M. Kim et al., 2014).ِTheِimpactsِ

ofِheatِareِalsoِmoreِsubtleِthanِthoseِofِmanyِotherِextremeِweatherِevents.ِInِSouthِAfrica,ِ

itِwasِfoundِthatِheatwavesِareِnotِnecessarilyِ‘comprehensible’,ِandِtheِresultingِimpactsِonِ

healthِareِthereforeِnotِunderstoodِ(Manyuchiِetِal.,ِ2022).ِِ 
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2.3.2. Thermal Comfort 

Relatedِtoِourِawarenessِofِheatِisِtheِconceptِofِ‘thermalِcomfort’.ِThisِconceptِdescribesِ

howِdifferentِindividualsِreactِandِadaptِtoِheatِdifferently.ِِItِpositsِthatِifِaِchangeِoccursِ

thatِleadsِtoِdiscomfort,ِindividualsِwillِthenِtakeِmeasuresِtoِreestablishِourِcomfortِ(Nicolِ

&ِ Humphreys,ِ 2002).ِ Whileِ thisِ conceptِ wasِ developedِ forِ building,ِ itِ hasِ grownِ inِ

prevalenceِinِstudiesِonِheatِadaptationِ(Barbosaِetِal.,ِ2015;ِSavićِetِal.,ِ2022;ِTaleghani,ِ

2018). 

Studiesِonِthermalِcomfortِshowِthatِindividualsِwhoِareِmoreِexposedِtoِhighِtemperaturesِ

haveِ higherِ thermalِ comfortِ thresholds,ِ butِ regardlessِ ofِ theirِ threshold,ِ theِ adaptiveِ

behaviourِremainsِtheِsameِ(Huangِetِal.,ِ2023).ِThermalِcomfortِisِoneِofِtheِwaysِinِwhichِ

individualsِ acclimateِ toِ heat,ِ andِ accordingly,ِ individualsِ whoِ areِ exposedِ toِ highِ

temperaturesِareِmoreِacclimatisedِtoِextremeِheatِ(Lamِ&ِLau,ِ2018). 

Thermalِcomfortِisِconsideredِanِadequateِmeasureِofِriskِasِitِevaluatesِhealthِimpactsِandِ

qualityِofِlifeِmoreِcomprehensivelyِthanِjustِmeteorologicalِassessmentsِ(Savićِetِal.,ِ2022).ِ

Thereِ areِ alsoِ studiesِ whichِ haveِ evaluatedِ vulnerabilities,ِ suchِ asِ householdِ sizeِ andِ

dwellingِ type,ِ andِ howِ theyِ contributeِ toِ thermalِ comfortِ (Barbosaِ etِ al.,ِ 2015).ِ Otherِ

sociodemographicِfactorsِsuchِasِage,ِsexِandِsocioeconomicِstatusِhaveِalsoِbeenِfoundِtoِ

impactِthermalِcomfortِinِoutdoorِspacesِ(Laiِetِal.,ِ2020).ِ 

2.3.3. Heat Risk Perception 

Whileِone’sِawarenessِandِexperienceِofِheatِplayِanِessentialِrole,ِtheyِareِnotِenoughِtoِ

driveِ adaptiveِ behaviourِ (Sheridan,ِ 2007).ِ Individualsِ alsoِ needِ toِ beِ awareِ ofِ theِ heat'sِ

impactِandِhowِtoِmitigateِitsِeffects.ِThisِ‘prerequisite’ِ toِadaptِisِheatِriskِperceptionِandِ

isِinfluencedِbyِknowledgeِandِsensitivityِ(Beckmannِ&ِHiete,ِ2020). 

Whileِthereِappearsِtoِbeِaِconsensusِonِtheِeffectِofِsociodemographicِfactorsِonِheatِriskِ

perceptionِ(Hassِetِal.,ِ2021;ِHoweِetِal.,ِ2019).ِThereِareِcurrentِdiscrepanciesِregardingِ

whichِ factorsِ haveِ aِ moreِ significantِ influenceِ onِ anِ individual'sِ heat-riskِ perception.ِ Inِ

Germany,ِitِwasِfoundِthatِincome,ِeducation,ِsolitudeِandِsexِdidِnotِplayِaِroleِinِpredictingِ

heat-riskِperceptionِ (Beckmannِ&ِHiete,ِ2020).ِInِcontrast,ِ anِAustralianِstudyِ foundِ thatِ

income,ِmaritalِstatus,ِandِageِwereِpredictorsِofِheatِriskِperception.ِ(Akompabِetِal.,ِ2013).ِ 

Inِ India,ِ researchِhasِ foundِ thatِpriorِexposureِtoِaِheatwaveِcanِ increaseِ theِ individual’sِ

preparednessِandِpromoteِpositiveِadaptationِbehavioursِ(Mishraِetِal.,ِ2009).ِHowever,ِnotِ

farِawayِinِBangladesh,ِitِwasِfoundِthatِdespiteِbeingِexposedِtoِurbanِheatِstress,ِthereِwasِ
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limitedِknowledgeِaboutِmeasuresِtoِreduceِtheِimpactsِofِheatwavesِ(Patwaryِetِal.,ِ2025).ِ

Therefore,ِtheِcontradictionsِdoِnotِexistِonlyِinِdevelopedِcountries.ِOneِmustِunderstandِ

thatِheat rِiskِperceptionِisِnotِsingularِandِvariesِamongِdifferentِpopulationsِandِindividuals.ِ

However,ِ someِ researchِsuggestsِ thatِdevelopingِcountriesِareِmoreِ likelyِ toِchangeِ theirِ

behaviourِthanِdevelopedِcountriesِ(Baiِetِal.,ِ2013).ِ 

Heatِriskِperceptionِcanِinfluenceِbothِexposureِtoِandِadaptiveِresponsesِtoِheatِ(Hassِetِal.,ِ

2021).ِAsِ such,ِ itِ canِ alsoِ decreaseِ anِ individual'sِ vulnerabilityِ toِ heatِ byِ ensuringِ thatِ

individualsِareِawareِofِheatِandِitsِ impactsِandِareِableِtoِactِaccordingly.ِAwarenessِandِ

heatِriskِperceptionِalsoِplayِaِroleِinِtheِdisparitiesِinِheatِvulnerabilityِ(Laneِetِal.,ِ2014).ِ

Heatِriskِperceptionِandِadaptationِareِessentialِcomponentsِofِvulnerability,ِandِtherefore,ِitِ

becomesِnecessaryِtoِunderstandِtheِfactorsِthatِinfluenceِthemِtoِreduceِvulnerabilityِ (Liuِ

etِal.,ِ2013a). 

2.2.4. Heat Health Warning Systems and other key Adaptations 

Oneِpathwayِtoِincreasedِawarenessِandِheatِriskِperceptionِ isِ theِ implementationِofِHeatِ

Healthِ Warningِ Systemsِ (HHWS).ِ Anِ HHWSِ forecastsِ extremeِ weatherِ andِ informsِ

individualsِorِcommunitiesِofِtheِnecessaryِactionsِtoِtake.ِHowever,ِitِhasِbeenِfoundِthatِ

althoughِ HHWSِ areِ effective,ِ sociodemographicِ characteristicsِ canِ mediateِ theirِ effectِ

(Tolooِetِal.,ِ2013).ِAccordingly,ِHHWSِmustِ integrateِfactorsِthatِareِknownِasِِeffectiveِ

predictorsِofِadverseِheat-relatedِhealthِoutcomesِ(Kapwataِetِal.,ِ2024).ِItِisِalsoِessentialِ

thatِtheyِareِintegratedِintoِhealthِsystemsِandِutilisedِinِdevelopingِcountries,ِwithِspecificِ

focusِonِvulnerableِgroupsِ(Liِetِal.,ِ2022).ِ 

HHWSِnotِonlyِalertsِvulnerableِpopulationsِbutِisِalsoِtargetedِtoِalertِstakeholders.ِTheyِ

areِ alsoِ intendedِ toِ serveِ asِ aِ sourceِofِ informationِ onِ howِ toِ reduceِ exposureِ andِwhatِ

actionsِorِbehavioursِcanِbeِtakenِtoِreduceِtheِimpactsِofِheatِonِhealthِ (McGregorِetِal.,ِ

2015).ِ Theirِ valueِ liesِ inِ increasingِ heatِ riskِ perceptionِ andِ awareness,ِ andِ ifِ targetedِ

correctly,ِtheyِcanِalsoِdecreaseِvulnerability.ِ 

Another important aspect of adaptation to heat in relation to health is the use of air conditioning. 

Current literature has explored how access to air contion decreases risk and vulnerability. Some 

studies have found that air conditioning can decrease heat related deaths (Kouis et al., 2021; Semenza 

et al., 1996). There are also studies that have averred that access to air conditioning may explain a 

higher risk of heat stroke in people who are elderly and poor in urban spaces in the US (Klinenberg, 

2015). There is also evidence to suggest that air conditioning may reduce heat acclimatisation and 

therefore increase vulnerability, however, evidence on this is still unclear (Kovats & Hajat, 2008a; M. 
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S.ِO’Neill,ِ2003). However the use of air conditioning as an adaptation mechanism must be 

understood in light of the increased pollution it brings (Kouis et al., 2021) and the barrier to 

ownership that the financial cost has (Lane et al., 2014). 

2.4. Heat and Inequality 

Whileِheatِdoesِnotِdiscriminateِbetweenِindividualsِwithinِaِlocation,ِtheِimpactsِofِheatِareِ

feltِdifferentlyِandِmoreِacutelyِbyِdifferentِindividualsِorِgroupsِ(H.-O.ِPörtnerِetِal.,ِ2023).ِ

Thisِ canِ beِ dueِ toِ aِ group'sِ vulnerability,ِ makingِ themِ moreِ susceptibleِ toِ theِ negativeِ

impactsِ ofِ heat.ِTheirِ vulnerabilityِ canِ beِ dueِ toِ physiological,ِ social,ِ andِ environmentalِ

factorsِ(Navas-Martínِetِal.,ِ2024).ِTherefore,ِweِmustِunderstandِtheseِdifferentِfactorsِandِ

theirِinfluence.ِ 

Whatِisِconcerningِisِthatِvulnerableِgroupsِareِoftenِalsoِlessِawareِofِtheِrisksِandِimpactsِ

associatedِwithِextremeِheatِ(Laneِetِal.,ِ2014).ِEvenِwhereِindividualsِdoِdisplayِknowledgeِ

ofِ theِ riskِ ofِ heat,ِ theyِ doِ notِ haveِ knowledgeِ ofِ theِ correctِmeasuresِ andِbehavioursِ toِ

implementِ(Sheridan,ِ2007;ِWilliamsِetِal.,ِ2019).ِThisِdiscrepancyِsuggestsِthat,ِwhileِtheِ

impactsِ ofِ heatِ areِ becomingِ aِ growingِ focusِ andِ concernِ inِ theِ literature,ِ societyِ isِ notِ

necessarilyِreflectingِthisِattention. 

2.4.1. Age 

Ageِisِaِsignificantِfactorِofِvulnerabilityِacrossِstudies.ِThereِareِdifferentِreasonsِwhyِageِ

makesِindividualsِvulnerableِtoِheat.ِTheirِvulnerabilityِcanِbeِattributedِِtoِseveralِdifferentِ

factors;ِitِcouldِbeِdueِtoِtheirِsocialِisolationِ(McGeehinِ&ِMirabelli,ِ2001),ِtheirِabilityِtoِ

thermoregulateِ(Kovats & Hajat, 2008b)ِorِbecauseِofِ theِlikelihoodِofِhavingِpre-existingِ

medicalِconditionsِ(Sherinaِetِal.,ِ2004). 

However,ِregardlessِofِtheirِvulnerability,ِtheِelderlyِseemِnotِtoِregardِheatِasِimpactingِorِ

threateningِ them.ِSeniorsِoftenِunderstoodِthatِheatِwasِdangerousِ forِ theِelderlyِ butِ thatِ

suchِdangerِwasِforِothersِandِnotِthemselvesِ(Abrahamsonِetِal.,ِ2008;ِLaneِetِal.,ِ2014).ِ 

Someِstudiesِsuggestِthatِageِisِnotِaِdeterminantِofِriskِperceptionِandِthatِriskِperceptionِ

isِvariableِwithinِdifferentِageِgroupsِ(Williamsِetِal.,ِ2019).ِTheِlackِofِtrendsِinِageِgroupsِ

isِlikelyِdueِtoِtheirِdistributionِacrossِdifferentِregionsِandِsociodemographicِgroups,ِtrendsِ

areِ easierِ toِ identifyِ inِ regionsِwhereِ thereِ areِhigherِ densitiesِ ofِ eitherِ olderِ orِ youngerِ

individualsِ(Howeِetِal.,ِ2019).ِ 
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2.4.2. Ethnicity 

Inِaِsystematicِreviewِofِheatِvulnerabilityِindexes,ِitِwasِfoundِthatِrace/ethnicityِwasِtheِ

secondِ mostِ commonِ factorِ usedِ inِ theِ constructionِ ofِ anِ indexِ (Niuِ etِ al.,ِ 2021).ِ Itِ isِ

understoodِthatِtheِreasonِforِraceِbeingِsuchِaِprominentِfactorِisِdueِtoِaccessِtoِresources,ِ

differencesِ inِculture,ِandِmarginalisation,ِeitherِpolitical,ِeconomicِorِsocialِ (Cutterِetِal.,ِ

2003).ِForِexample,ِaِlackِofِaccessِtoِairِconditioningِ(Madriganoِetِal.,ِ2018). 

Theyِ alsoِ faceِ vulnerabilityِ dueِ toِ theِ lackِ ofِ UGIِ inِ predominantlyِ ‘segregated’ِ areasِ

(Manwareِetِal.,ِ2022).ِThisِleadsِto tِhermalِinequity,ِwhereِsegregatedِareasِsufferِfromِUHIِ

moreِ(Mitchellِ&ِChakraborty,ِ2018).ِThisِresultsِinِethnicِminoritiesِfacingِanِintersectionalِ

impactِofِheat.ِThatِis,ِhigherِUHIِexposureِisِdueِtoِsegregation,ِandِhigherِvulnerabilitiesِ

areِdueِtoِaِlackِofِresources. 

Fewِstudiesِhaveِsoughtِtoِidentifyِdisparitiesِinِheatِriskِperceptionِamongِethnicِminoritiesِ

orِracialِgroups.ِHowever,ِgeographicِdisparitiesِcontributeِtoِindividualِheatِriskِperceptionsِ

andِadaptiveِbehavioursِ(Hassِetِal.,ِ2021). Theseِgeographicِdisparitiesِareِcharacterisedِbyِ

‘systematicِdisinvestment’ِ andِsegregationِ(Benzِ&ِBurney,ِ2021;ِMitchellِ&ِChakraborty,ِ

2018;ِWilson,ِ2020). 

2.4.3. Spatial Inequality 

Urbanِ areasِ createِ vulnerabilityِ throughِ theِUrbanِHeatِ Islandِ effectِ (UHI).ِThereِ isِ alsoِ

disparityِ withinِ urbanِ areasِ whereِ higherِ socioeconomicِ groupsِ haveِ moreِ Urbanِ Greenِ

Infrastructureِ(UGI)ِthatِhelpsِ lowerِtemperaturesِ (Chen,ِ2024).ِMarginalisedِcommunitiesِ

alsoِfaceِsimilarِchallenges,ِbeingِexposedِtoِmoreِheatِinِurbanِspacesِdueِtoِaِlackِofِUGIِ

(Chen,ِ2024).ِ 

Urbanِareasِalsoِhaveِincreasedِaccessِtoِinformation,ِwhichِcouldِexplainِanِincreaseِinِheatِ

riskِperceptionِ(GilِCuestaِetِal.,ِ2017a).ِHowever,ِoneِmustِalsoِtakeِintoِaccountِhousingِ

type,ِandِsocioeconomicِfactorsِalsoِbecomeِimportantِwhenِevaluatingِUHIِeffectsِ(Kovats 

& Hajat, 2008b).ِ 

Aِsignificantِproblemِwithinِurbanِspacesِ isِhowِurbanِenvironmentsِhaveِbeenِconstructedِ

andِdesigned.ِThatِisِtoِsayِthatِmoreِindustrialِurbanِareasِsufferِhigherِUHIِcomparedِtoِ

moreِsuburbanِareas;ِ thisِdesignِandِconstructionِcontributesِ toِ ‘thermalِ inequality’ِ whichِ

impactsِ ethnicِminoritiesِmoreِ severelyِ (Mitchellِ&ِChakraborty,ِ 2018).ِTheِ vulnerabilityِ

thenِ compoundsِ thisِ thermalِ inequalityِ asِ aِ resultِ ofِ lackِ ofِ accessِ toِ resourcesِ (Benzِ&ِ

Burney,ِ2021).ِ 
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AِhistoryِofِracialِsegregationِandِspatialِinequalityِcharacterisesِSouthِAfrica.ِTheِApartheidِ

governmentِ enactedِ thisِ segregationِ toِ separateِ theِ Africanِ populationِ fromِ accessِ toِ

economicِopportunities.ِTheِresultِofِtheseِlawsِwasِaِrestrictionِofِnotِonlyِeconomicِpowerِ

butِsocialِandِpoliticalِpowerِ(Shahabooninِetِal.,ِ2023).ِWhile tِheِpost-Apartheidِgovernmentِ

hasِattempted tِoِaddress tِhisِinequality,ِtheِpowerِdisparityِbetweenِregionsِstillِexistsِ(Turok,ِ

2018).ِ 

2.4.4. Sex 

Researchِsuggestsِthatِvulnerabilityِtoِheatِmayِdifferِbetweenِsex.ِItِdependsِonِfactorsِsuchِ

asِexposure,ِphysiologyِandِaccessِtoِresourcesِ(Hassِetِal.,ِ2021).ِInِareasِwhereِmalesِdoِ

moreِoutdoorِwork, tِheyِareِmoreِvulnerableِ(Alahmadِetِal.,ِ2020),ِwhereasِthereِisِevidenceِ

toِ suggestِ femalesِ areِmoreِ physiologicallyِ vulnerableِ (Seidellِ etِ al.,ِ 1988).ِHowever,ِ theِ

impactsِ ofِ heatِ areِ moreِ thanِ justِ physiological,ِ andِ studiesِ showِ thatِ femalesِ areِ moreِ

sensitiveِtoِtheِpsychologicalِdistressِthatِcomesِwithِextremeِheatِeventsِ (Akompabِetِal.,ِ

2013). 

InِChina,ِPakistanِandِAustralia,ِitِwasِfoundِthatِmalesِhadِaِlowerِriskِperceptionِofِheatِ

thanِfemalesِ(Liuِetِal.,ِ2013b;ِRaufِetِal.,ِ2017;ِWilliamsِetِal.,ِ2019).ِThisِwasِunderstoodِ

toِbeِbecauseِmalesِassumedِtheyِwereِtoughِenoughِtoِbearِheatِmoreِthanِ females.ِThisِ

couldِbeِbecauseِmalesِdoِmoreِoutdoorِworkِorِbecauseِmenِunderestimateِtheِrisksِofِheatِ

(Liuِetِal.,ِ2013b).ِAnotherِreasonِgivenِisِfemale’sِroleِinِcaringِforِchildrenِandِhouseholdsِ

(Akompabِetِal.,ِ2013). 

2.4.5. Socioeconomic status 

Thereِisِconsiderableِemphasisِonِtheِlivingِconditionsِofِtheِpoorِandِhowِtheseِconditionsِ

increaseِtheirِvulnerabilityِtoِheat.ِThisِcanِbeِbecauseِofِpoorِsanitationِconditions,ِwhichِ

mayِexacerbateِalreadyِ existingِconditionsِ (Hassِetِ al.,ِ2021),ِbutِ isِprimarilyِdueِ toِ theirِ

inabilityِtoِadaptِtoِsituationsِdueِtoِaِlackِofِeconomicِresourcesِ(Bai et al., 2013; Hajat & 

Kosatky, 2010b; Schuman, 1972).ِInِcontrast,ِinِaِstudyِinِKorea,ِitِwasِassumedِthat tِheِmainِ

reasonِforِsocioeconomicِdisparityِisِdueِtoِtheِaccessِtoِinformationِ(M. Kim et al., 2014). 

Inِtermsِofِheatِriskِperception,ِthoseِwithِveryِhighِhouseholdِincomesِandِthoseِwithِveryِ

lowِhouseholdِincomesِwereِshownِtoِbeِmoreِawareِofِtheِharmfulِeffectsِofِheatِ(Liuِetِal.,ِ

2013b;ِRaufِetِal.,ِ2017).ِWhereasِheatِawarenessِwasِhigherِforِ lowerِincomeِgroupsِandِ

lowerِforِhigherِincomeِgroupsِ(Laneِetِal.,ِ2014;ِMadriganoِetِal.,ِ2018).ِSome rِeasonsِgivenِ

forِ thisِ wereِ thatِ theyِ haveِ moreِ personalِ experienceِ andِ exposureِ toِ extremeِ weatherِ
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(Koniskyِetِal.,ِ2016;ِRaufِetِal.,ِ2017).ِInِcontrast,ِinِLhasa,ِitِwasِfoundِthatِhigher-incomeِ

groupsِwereِmoreِawareِofِheatِrisks,ِdespiteِbeingِlessِvulnerableِ(Baiِetِal.,ِ2013).ِ 

2.5.6. Education 

Heatِ riskِ perceptionِ andِ awarenessِ areِ crucialِ adaptationِ responsesِ toِ heat,ِ andِ thus,ِ

individualsِwhoِdoِnotِhaveِaccessِtoِinformationِorِtheِrequiredِeducationِtoِunderstandِitِ

areِalsoِvulnerableِ toِheatِ (Hassِetِal.,ِ2021).ِTherefore,ِeducation’sِprimaryِ influenceِonِ

vulnerabilityِisِonِawarenessِandِheatِriskِperception.ِTheِoutrightِrelationshipِbetweenِheatِ

mortalityِ andِ educationِ levelsِ isِ notِ asِ strongِ (Basuِ&ِOstro,ِ 2008;ِVoelkelِ etِ al.,ِ 2018).ِ

Instead,ِ theِ impactِ ofِ educationِ onِmortalityِ isِ moreِ significantِ forِ lowerِ socioeconomicِ

groupsِ(ConteِKeivabu,ِ2022). 

Differentِ studiesِ haveِ reachedِ varyingِ conclusionsِ regardingِ theِ perceptionِ ofِ heatِ andِ

associated rِisks. IِnِaِstudyِdoneِinِLisbonِandِMadrid,ِeducationِwasِless rِelevant tِhanِlocalityِ

(GilِCuestaِetِal.,ِ2017b).ِWhereasِinِaِstudyِdoneِinِBrusselsِandِAmsterdam,ِeducationِwasِ

aِ significantِ factorِ inِ determiningِ heatِ awarenessِ (Vanِ Loenhoutِ &ِ Guha-Sapir,ِ 2016).ِ

EducationِwasِalsoِaِfactorِinِriskِperceptionِofِheatِinِChinaِandِAustraliaِ(Liuِetِal.,ِ2013b;ِ

Williamsِetِal.,ِ2019).ِTheِresultsِinِLisbonِandِMadridِareِattributedِtoِtheِpopulationِbeingِ

moreِexposedِtoِextremeِheat,ِwhichِmeansِevenِlessِeducatedِindividualsِareِawareِofِtheِ

impactsِofِheat. 

However,ِ itِ isِ worthِ notingِ thatِ mostِ ofِ theِ studiesِ mentionedِ aboveِ wereِ conductedِ inِ

developedِcountries.ِInِPakistan,ِeducationِwasِsignificant,ِwithِincreasedِeducationِleadingِ

toِhigherِ riskِperception.ِTheِ reasonِgivenِbyِ theِ researchersِwasِ thatِeducationِ increasesِ

access tِoِdifferent iِnformationِsourcesِand tِheِcontentِbeingِcarriedِby tِhemِ(Raufِetِal.,ِ2017) 

Theِaboveِliteratureِsuggestsِthatِheatِvulnerabilityِandِheatِriskِperceptionِareِmultifaceted.ِ

Understandingِ thisِ complexityِ andِ theِ interrelationshipِ betweenِ differentِ environmental,ِ

social,ِandِphysiologicalِfactorsِisِcrucialِinِaddressingِtheِimpactsِofِheat. 

2.5. Gauteng in Context 

2.5.1. Population density 

TheِSouthِAfricanِgovernmentِhasِidentifiedِGautengِasِtheِregionِwithِtheِhighestِsettlementِ

heatِ stressِ riskِ inِ itsِ 2050ِ forecastsِ (Nationalِ ClimateِChangeِAdaptationِStrategy,ِ 2019).ِ

Theseِforecastsِareِnotِjustِbasedِonِmeteorologicalِdataِbutِalsoِconsiderِtheِvulnerabilityِofِ

theِ Gautengِ population.ِ Thisِ vulnerabilityِ isِ intensifiedِ byِ theِ projectionِ thatِ Gauteng’sِ

populationِisِexpected tِoِincreaseِbyِoverِ8.1ِmillionِbyِ2050.ِOfِthisِgrowth,ِ99.99%ِisِlikelyِ
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toِ occurِ inِ theِGautengِCityِRegion,ِ aِ regionِ thatِ encompassesِ theِ metropolitanِ areasِ ofِ

Johannesburg,ِTshwane,ِEkurhuleni,ِSedibeng,ِandِWestِRand.ِSedibengِcomprisesِEmfuleni,ِ

LesediِandِMidvaalِmunicipalities.ِWestِRandِcomprisesِofِtheِMerafong,ِMogaleِandِRandِ

Westِ municipalities.ِ Johannesburg,ِ Tshwane,ِ andِ Ekurhuleniِ areِ allِ anticipatedِ toِ beِ theِ

fastest-growingِmunicipalitiesِwithinِtheِregionِ(LeِRoux,ِArnold,ِetِal.,ِ2019).ِ 

Figure 2.3. Map of Gauteng City Region Metropoles and Municipalities.  
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Figure 2.4. Population growth pressure of South African Settlementsِ(LeِRoux,ِArnold,ِ

etِal.,ِ2019). 

 

Populationِ growthِ isِ concerningِ becauseِ asِ areasِ getِ moreِ denselyِ populated,ِ theِ

environmentalِ andِ healthِ risksِmultiply.ِDenselyِ populatedِ regionsِ putِ aِ strainِ onِ serviceِ

provisioning,ِsanitation,ِhousing,ِandِpublicِspaces,ِsuchِasِparksِorِschools.ِJohannesburgِ

ranksِ asِ oneِ ofِ theِ mostِ denselyِ populatedِ citiesِ inِ theِ world,ِ althoughِ Tshwaneِ andِ

Ekurhuleniِstillِplayِhost tِoِaِsignificantِportionِofِtheِGautengِpopulationِ(Parkerِ&ِHamann,ِ

2020). 
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Figure 2.5. Map of 50% of the Gauteng Populationِ(Parkerِ&ِHamann,ِ2020). 

 

 

2.5.2. Environmental Vulnerability  

TheseِmetropolesِinِGautengِareِnotِonlyِvulnerableِdueِtoِtheirِexpectedِpopulationِgrowth,ِ

butِtheyِalsoِfaceِincreasedِenvironmentalِvulnerabilityِdueِtoِlandِuse,ِairِpollution,ِstrainedِ

watercourses,ِandِUrbanِHeatِIslandِ(UHI)ِeffects.ِAsِsuch,ِEkurhuleniِandِJohannesburgِareِ

rankedِinِtheِtopِfourِmostِenvironmentallyِvulnerableِcitiesِ inِSouthِAfricaِ (LeِRoux,ِvanِ

Huyssteen,ِetِ al.,ِ2019).ِTheِvulnerabilityِofِurbanِareasِ isِamplifiedِbyِ theِ lackِofِUrbanِ

GreenِInfrastructureِ(UGI),ِwhichِ isِdesignedِtoِproduceِgreenِcarbon.ِTheِeffectِofِgreenِ

carbonِ isِ twofold;ِ itِmitigatesِandِcounteractsِharmfulِGHG,ِbutِ itِalsoِhasِbeenِshownِtoِ

lowerِurbanِtemperaturesِ(Chen,ِ2024).ِ 
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Figure 2.6. Total green Carbon per Municipality by Hectareِ(Naidooِetِal.,ِ2022). 

 

Figureِ2.6.ِshows tِheِdifferent lِevelsِofِgreenِcarbonِinِGautengِMunicipalities.ِNotably,ِsomeِ

ofِtheِlowestِlevelsِareِobservedِinِJohannesburgِandِEkurhuleni,ِwhileِtheِhighestِlevelsِareِ

foundِinِTshwane.ِMogaleِCityِinِtheِWestِRandِexhibitsِaِhighِconcentrationِofِgreenِcarbon,ِ

whichِisِlikelyِdueِtoِtheِregion'sِabundanceِofِlargelyِunpopulatedِconservationِareas. 

Vulnerabilityِtoِextremeِweatherِeventsِisِoftenِdeterminedِbyِexaminingِfactorsِbeyondِjustِ

environmentalِones.ِAccessِtoِservices,ِtransport,ِcommunication,ِeducationِandِsocialِcapitalِ

canِallِdecreaseِdisasterِvulnerability.ِTheِareasِwithinِtheِGautengِCityِRegionِeachِhaveِ

differentِvulnerabilityِprofilesِdue tِo tِheirِvaryingِsociodemographicِcompositions.ِFigureِ2.7.ِ

belowِshows tِheِvulnerabilityِofِvarious rِegionsِinِGauteng.ِNotably,ِWestِRandِandِSedibengِ

exhibitِ theِmostِvulnerability,ِ likelyِdueِtoِtheirِrelativeِposition,ِwhichِ isِ furtherِfromِtheِ

mainِ citiesِ whereِ servicesِ andِ opportunitiesِ areِ moreِ abundant.ِ Closerِ toِ theِ centerِ ofِ

Gauteng,ِinِJohannesburgِandِnorthِofِJohannesburgِtowardsِTshwane,ِappearsِtoِbeِwhereِ

vulnerabilityِisِlowest.ِ 
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Figure 2.7. Map of Vulnerability to Natural Disasters in Gauteng.ِ(Mareeِetِal.,ِ2018). 

 

2.5.3. Diversity and Segregation 

AlthoughِSouthِAfricaِnoِlongerِhasِsegregationِlaws,ِthereِareِstillِsignificantِdisparitiesِinِ

theِracialِcompositionِofِdifferentِareas.ِThisِfactِisِtrueِforِtheِGautengِCityِRegionِasِwellِ

asِnumerousِotherِregionsِinِSouthِAfrica.ِItِappearsِthatِtheِracialِpatternsِcurrentlyِinِplaceِ

areِprimarilyِaِresultِofِaffordabilityِandِsocioeconomicِstatusِ(Hamann,ِ2024).ِ 

Figureِ2.8.ِillustratesِhowِdifferentِareasِofِGautengِhaveِbeenِdiversified,ِexaminedِthroughِ

aِ socioeconomicِ lens.ِ Johannesburgِ showsِ theِ highestِ diversityِ butِ alsoِ theِ highestِ

socioeconomicِstatus.ِVeryِfewِareasِremainِhigh-incomeِandِundiversified.ِHowever,ِonِtheِ

outskirtsِ ofِ theِGautengِCityِRegion,ِweِ seeِ veryِ lowِdiversityِ andِ lowِ incomes.ِThisِ isِ

especiallyِ trueِ forِ theِWestِRand,ِ theِNorthِofِTshwaneِandِEastِofِSedibeng.ِFigureِ2.9.ِ

furtherِsupportsِtheِlackِofِracialِdiversityِinِareasِsuchِasِSedibeng,ِWestِRandِandِTshwane,ِ

withِJohannesburgِandِEkurhuleniِshowingِtheِmostِdiversity. 
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Figure 2.8. Map of Segregation and Socioeconomic Distribution in Gautengِ (Hamann,ِ

2024). 

 

Figure 2.9. Map of Racial Diversity in Gauteng.ِ(Hamannِ&ِBallard,ِ2017). 
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2.5.4. Urbanisation 

Figure 2.10. Map of Urbanisation of Gauteng (1990-2020)ِ(Ballardِ&ِHamann,ِ2022). 

 

Sinceِ 1990,ِ Gautengِ hasِ beenِ rapidlyِ expandingِ itsِ urbanِ footprint.ِ Theِ resultِ ofِ thisِ

expansionِisِanِincreaseِinِpopulationِdensityِandِaِdecreaseِinِurbanِgreenِinfrastructure.ِTheِ

majorityِofِthisِincreaseِinِurbanِdevelopmentِhasِbeenِinِresidentialِinfrastructure,ِindicatingِ

thatِurbanisationِisِlikelyِaِresultِofِinternalِmigrationِtoِcitiesِforِemploymentِopportunitiesِ

(Ballardِ&ِHamann,ِ2022).ِ 
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3.  Methodology 

3.1. Methodological Design 

 

TheِresearchِusedِquantitativeِtoolsِandِtheِStataِplatformِtoِanalyseِtheِdataِandِvariablesِ

fromِtheِGautengِCity-RegionِObservatoryِ(GCRO)ِQualityِofِLifeِ(QoL)ِsurveyِdata.ِ 

Ourِfirstِstageِofِanalysisِinvolvedِidentifyingِtheِfrequencyِofِreportedِimpactsِofِaِheatwaveِ

andِ variationsِ acrossِ differentِ regionsِ andِ sociodemographicِ factors.ِ Byِ evaluatingِ theِ

frequencyِweِwereِableِtoِbeginِevaluatingِhowِGautengِresidentsِself-reportِtheirِexperienceِ

ofِheatwaveِimpacts. 

Then,ِinِorderِtoِeffectivelyِassessِhowِtheseِreportedِimpactsِchangeِacrossِbothِregionsِandِ

sociedemographicsِ,ِbivariateِanalysesِwereِemployed..ِTheِutilityِofِbivariateِanalysisِliesِinِ

itsِ abilityِ toِ identifyِ variancesِ inِ theِ self-reportedِ impactsِ ofِ aِ heatwaveِ acrossِ differentِ

regionsِandِwithinِvariousِsociodemographicِgroups.ِInِthisِresearch,ِtheِbivariateِanalysesِ

wereِusedِforِtheirِdescriptiveِpurpose.ِTheِresearchِreliedِspecificallyِonِone-wayِanalysisِ

ofِvariancesِ(ANOVA)ِandِt-tests.ِ 

Basedِonِtheِobservationsِfromِtheِbivariateِanalyses,ِweِconstructedِaِregressionِmodel.ِTheِ

researchِ reliedِ uponِ aِ probitِ regressionِ analysis.ِ Probitsِ areِ explicitlyِ usedِ forِ binaryِ

dependentِvariables. Iِn tِhisِcase, tِheِdependentِvariableِwas tِhe rِeported iِmpactِofِaِheatwave,ِ

whichِwasِeitherِaِ“yes”ِorِ“no”,ِmakingِaِprobitِanalysisِsuitable.ِTheِdependentِvariableِ

wasِthenِmodelledِagainstِindependentِvariables.ِ 

3.1.1. Model Specification 

Theِprobitِregressionِmodelِtakesِtheِfollowingِform: 

P(ِYِ=ِ1ِ|ِXِ)ِ=ِΦِ(ِXِβ) 

Where: 

P(ِYِ=ِ1ِ|ِXِ) representsِ theِprobabilityِ thatِ theِdependentِvariableِ takesِ theِ valueِ1ِ (e.g.,ِ

experiencingِ aِ heatwave,ِ havingِ aِ pre-existingِ condition,ِ orِ reportingِ poorِ

mentalِhealth),ِgivenِaِsetِofِexplanatoryِvariables. 

Φِ  denotesِtheِstandardِnormalِcumulativeِdistributionِfunction. 

Xِ  isِaِvectorِofِindependentِvariables,ِincludingِrace,ِsex,ِeducation,ِage,ِwealth,ِ 

β  representsِtheِvectorِofِcoefficientsِtoِbeِestimated. 



28 
 

Aِprobitِmodelِwasِusedِtoِexamineِtheِprobabilityِthatِindividualsِreportِbeingِaffectedِbyِaِ

heatwave,ِbasedِon tِheirِsociodemographicِcharacteristics.ِTheِoutcomeِorِdependentِvariableِ

isِbinary;ِindividualsِeitherِreportedِbeingِimpactedِorِdidn’t.ِTherefore,ِtheِprobitِmodelِisِ

bestِsuitedِbecauseِ itِshowsِthatِthere'sِaِconstantِ chanceِofِbeingِaffectedِbyِaِheatwave.ِ

Thisِchanceِisِinfluencedِbyِthingsِlikeِrace,ِsex,ِage,ِwealth,ِandِeducation.ِ 

Theِcoefficientsِofِ aِprobitِdoِnotِrepresentِ theِeffect,ِbutِ theyِdoِshowِ theِdirectionِandِ

statisticalِsignificanceِofِtheِrelationshipِbetweenِtheِindependentِvariableِandِtheِpredictorِ

variables.ِAccordingly,ِweِalsoِdidِmarginalِanalysesِonِtheِregressions. 

Theِ marginalِ effectsِ analysisِ wasِ usedِ toِ showِ howِ aِ one-unitِ changeِ inِ eachِ

sociodemographicِcharacteristicِ isِexpectedِtoِchangeِtheِprobabilityِofِreportingِheatwaveِ

impact.ِThisِmethodِmakesِitِeasierِtoِunderstandِtheِresultsِandِhowِtheyِrelateِtoِpolicies.ِ

Forِ example,ِweِ canِ checkِ ifِ low-incomeِ familiesِ orِ theِ elderlyِ areِmoreِ likelyِ toِ reportِ

negativeِimpactsِfromِheatwaves. 

The model will be used to identify how the second component of our conceptual 

framework; vulnerability, relates to the fourth component of the framework; axes of 

inequality. This is done by showing the interaction between the independent variables, 

such as race, sex, education, age, and wealth, and the dependent variable; self-reported 

impacts of a heatwave.3.2. Data 

TheِresearchِwillِrelyِonِtheِGautengِCity-RegionِObservatoryِ(GCRO)ِQualityِofِLifeِ(QoL)ِ

surveyِforِtheِdata.ِTheِGCROِwasِestablishedِinِ2008ِandِhasِbeenِconductingِitsِquality-

of-lifeِsurveyِsinceِ2009,ِrepeatingِtheِsurveyِeveryِtwoِtoِthreeِyears.ِTheِQoLِcollectsِdataِ

onِ variousِ aspectsِ ofِ livelihoods,ِ includingِ administration,ِ environmentِ andِ sustainability,ِ

demographics,ِcrimeِandِsafety,ِhealth,ِsocialِmobility,ِeconomics,ِlifeِsatisfaction,ِandِmore.ِ

Ourِ researchِwillِ analyseِdataِ fromِ theِ7thِwaveِofِ theِQoLِsurveyِ thatِwasِconductedِ inِ

2023/2024. 

3.2.1. Study Area 

TheِGCROِQoLِsurveyِencompassesِtheِentireِGautengِprovince,ِtypicallyِspanningِvariousِ

urban,ِperi-urban,ِandِruralِareasِtoِcaptureِaِcomprehensiveِrangeِofِ livingِconditionsِandِ

experiences.ِConductedِacrossِnineِmunicipalitiesِandِ529ِwards, tِheِsurveyِprovidesِvaluableِ

insightsِ intoِtheِdiverseِsocio-economicِandِenvironmentalِfactorsِthatِinfluenceِtheِqualityِ

ofِlifeِinِSouthِAfrica. 
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3.2.2. Sampling Methods  

TheِQualityِofِLifeِ(QoL)ِsurveyِutilisedِaِstratified,ِmulti-stageِsamplingِdesignِtoِensureِ

representationِ acrossِ allِ 529ِwardsِ inِGautengِ province.ِWardsِ wereِ usedِ asِ theِ primaryِ

samplingِunit,ِandِaِminimumِofِ20ِinterviewsِwereِconductedِperِward.ِTheyِalsoِensuredِ

thatِ600ِinterviewsِwereِconductedِperِmunicipality.ِEachِwardِhadِdesignatedِenumerationِ

areasِrandomlyِselectedِusingِaِprobabilityِproportionalِsizeِapproachِbasedِonِtheِnumberِofِ

residencesِwithinِtheِward. 

Theِprimaryِinterviewِpoints/householdsِwere tِhen rِandomlyِchosenِusing tِheِGeoTerraImageِ

Building-Basedِ LandِUseِ dataset,ِ andِ threeِ substitutionِ pointsِwereِ generatedِ inِ caseِ theِ

chosenِhouseholdِdecidedِnotِtoِparticipate.ِInِplacesِwhereِtheِprimaryِhouseholdِcontainedِ

multipleِdwellingِunits,ِtheِinterviewerِrandomlyِselectedِoneِforِtheِinterview. 

Theِfinalِsampleِsizeِwasِ13,795ِrespondents.ِThisِamountِsurpassedِtheِtargetedِsampleِsizeِ

andِalsoِexceededِmunicipalityِtargets.ِWard-levelِtargetsِwereِmostlyِmetِorِexceeded,ِbarِaِ

fewِwards,ِwhichِonlyِmanagedِ95%ِofِtheِtarget. 

3.2.3. Survey Design  

The data is obtained through structured questionnaires conducted by an external service 

provider. The survey conducts over 13,000 interviews with individuals over the age of 18 at 

their homes. The survey comprises over 200 questions translated into 8 different languages, 

some of which were asked of the individual and others of the household.  

Theِ interviewsِwereِconductedِ face-to-faceِwithِdataِcapturers,ِwhoِusedِtabletsِ toِ recordِ

responsesِthatِwereِsentِdirectlyِtoِtheِKoboِToolboxِsoftware.ِTheِinterviewsِusuallyِtookِ

35ِminutesِtoِadminister.ِSensitiveِquestionsِwereِansweredِbyِ theِparticipantsِ themselvesِ

directlyِontoِtheِtablet. 

Dataِwasِthenِsubjectedِtoِqualityِcontrol,ِbeginningِwithِstrictlyِrecruitingِfieldworkersِandِ

subjectingِthemِtoِhigh-qualityِtraining.ِChallengesِinِtheِfieldِwereِreported,ِandِapproachesِ

adjustedِwereِ necessary.ِ Surveysِ thatِ didِ notِmeetِ theِ requirementsِwereِ rejectedِwithoutِ

discretion.ِ 

3.3. Data Analysis 

Theِdataِ analysesِ usedِ inِ thisِ studyِwereِ runِonِStata/SEِ17ِ forِWindows.ِTheِ followingِ

variablesِwillِbeِusedِtoِrunِourِanalysis: 
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Table 3.1. Dependent Variables, Measurement and Reasons for Selection (GautengِCityِ

RegionِObservatory,ِ2024) 

Variable GCRO QoL questionِand 

Measurement 

DetailsِandِReasonِforِselection 

Self-reportedِ

impactِofِaِ

heatwave 

Q1.19_4: Has your 

household been severely 

affected (e.g., experienced 

damage, injury or harm) by 

a heatwave in the last 12 

months? 

Noِ=ِ0 

Yesِ=ِ1 

Self-reportedِimpactِofِaِheatwaveِisِaِ

proxyِtoِheatِriskِperceptionِasِitِ

capturesِnotِonlyِindividuals’ِ physicalِ

exposure,ِbutِalsoِtheirِsubjectiveِ

awarenessِandِinterpretationِofِheat-

relatedِharm,ِieِdidِtheyِexperienceِ

damage,ِinjuryِorِharm.ِ 

Itِthereforeِidentifiesِwhetherِanِ

individualِexperiencedِaِheatwaveِandِ

thenِperceivedِthatِtheِheatwaveِhadِ

severeِimplications. 

Whileِitِisِnotِaِdirectِmeasureِofِriskِ

perception,ِitِallowsِusِtoِassessِwhoِisِ

mostِlikelyِtoِrecogniseِandِreportِheat-

relatedِimpacts.ِ 

 

 

Table 3.2. Independent Variables, Measurement and Reasons for Selection (GautengِCityِ

RegionِObservatory,ِ2024) 

Variable GCRO QoL questionِ

andِMeasurement 

DetailsِandِReasonِforِselection 

Socioeconomicِ

Status 

Two variables will be 

used to measure 

socioeconomic status: 

 

Socioeconomicِstatusِhasِbeenِshownِinِtheِ

literatureِtoِincreaseِvulnerabilityِtoِheatِandِ

affectِheatِriskِperceptionِ(Hassِetِal.,ِ2021;ِS.ِ

Kimِetِal.,ِ2020). 
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1. wealth_index 

(continuous) 

 

2. wealth_quintile 

(ordinal) 

Wealth_indexِvariableِ

constructedِintoِfiveِ

quintiles.ِ 

 

Theِwealthِindexِisِconstructedِusingِmultiple-

correspondenceِanalysisِ(MCA),ِdrawingِonِ

dataِonِdwellingِtype,ِstructureِandِownership,ِ

accessِtoِwater,ِsanitationِandِelectricity,ِenergyِ

sourcesِforِcookingِandِlighting,ِindebtedness,ِ

theِownershipِofِtenِhouseholdِassets,ِandِ

accessِtoِsocialِgrantsِandِindigentِstatus.ِ 

 

Theِwealth_indexِvariableِwillِbeِusedِ

specificallyِinِtheِregressionِanalyses,ِwhereasِ

theِwealth_quintileِvariableِwillِbeِusedِinِtheِ

bivariateِanalysisِtoِseeِhowِheatِriskِ

perceptionِvariesِacrossِsocioeconomicِ

quintiles. 

Education Q14.1: What is the 

highest level of 

education you have 

completed? 

 

No/Primary=ِ1 

Secondaryِ=ِ2 

Tertiaryِ=ِ3 

 

 

 

Higherِeducationِlevelsِareِassociatedِwithِ

higherِheatِriskِperceptionِ(Raufِetِal.,ِ2017).ِ

Educationِisِcorrelatedِtoِheatِvulnerabilityِ

throughِawarenessِandِaccessِtoِinformationِ

(Hassِetِal.,ِ2021). 

 

Educationِhasِbeenِcodedِtoِsimplifyِourِ

analysis;ِtheِregressionِanalysisِutilisedِtheِ

dummyِvariables: 

Education_3ِ–ِSecondaryِEducationِcomparedِ

toِNo/PrimaryِandِTertiaryِEducation 

Education_5ِ–ِTertiaryِEducationِcomparedِtoِ

No/PrimaryِandِSecondaryِEducation 

Sex A2: What is the sex of 

the respondent? 

Maleِ=ِ1 

Femaleِ=ِ2 

Caregivingِrolesِoftenِexposeِfemalesِtoِaِ

higherِheatِriskِperceptionِ(Akompabِetِal.,ِ

2013).ِThereِisِalsoِevidenceِthatِsuggestsِ

womenِareِmoreِphysiologicallyِvulnerableِ

(Seidellِetِal.,ِ1988). 
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Race A1_pop_group: To 

which population group 

does the respondent 

belong? 

 

BlackِAfricanِ=ِ1 

Colouredِ=ِ2 

Indian/Asianِ=ِ3 

Whiteِ=ِ4 

Otherِ=ِ5 

 

Historicalِpatternsِofِracialِdiscriminationِandِ

segregationِhaveِresultedِinِaِprolificِracialِ

inequality.ِWeِaimِtoِinvestigateِwhetherِracialِ

inequalityِisِassociatedِwithِaِdisparityِinِheatِ

riskِperception,ِasِsuggestedِbyِotherِstudiesِ

(Benzِ&ِBurney,ِ2021;ِMitchellِ&ِChakraborty,ِ

2018). 

 

Theِreportingِofِraceِexcludesِtheِvariableِ

groupِ“other”ِdueِtoِtheِsmallِsampleِsize. 

 

 

African Recoded race variable. 

BlackِAfricanِ=ِ1 

[Coloured,ِIndian/Asian,ِ

White,ِOther]ِ=ِ2ِ 

Theِraceِvariableِwasِrecodedِtoِplaceِaِ

specificِfocusِonِtheِAfricanِpopulationِgroup,ِ

dueِtoِtheِbivariateِresultsِandِGautengِ

demographicِpatterns 

Age Q14.2: How old are 

you? 

 

Minِ18ِ 

Maxِ107 

 

 

Ageِisِaِcriticalِfactorِinِvulnerabilityِstudies,ِ

particularlyِinِtheِcontextِofِolderِpopulationsِ

(Kovatsِ&ِHajat,ِ2008b).ِWeِaimِtoِassessِ

whetherِthisِvulnerabilityِisِassociatedِwithِaِ

higherِheatِriskِperception. 

 

 

 

Table 3.3. Other Variables, Measurement and Reasons for Selection (GautengِCityِ

RegionِObservatory,ِ2024). 
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Variable GCRO QoL questionِandِ

Measurement 

DetailsِandِReasonِforِselection 

Region municipality_coded 

 

Ekurhuleniِ=ِ1 

Johannesburgِ=ِ2 

Tshwaneِ=ِ3 

Sedibengِ=ِ4 

WestِRandِ=ِ5 

Comparisonsِacrossِdifferentِregionsِwillِ

provideِinsightِintoِtheِspatialِdisparitiesِ

ofِheat. 

Regionsِareِdividedِintoِfiveِmetropoles,ِ

eachِwithِdistinctِcharacteristicsِandِ

demographicِcompositions.ِ 
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4. Results 

4.1. Self-Reported Impact of Heat 

Table 4.1. Self-Reported Impacts of a Heatwave (2023/24). 

Region Mean Frequency CIِInterval 

Ekurhuleni 17.02% 460 [0.16,ِ0.18] 

Johannesburg 36.48% 1,432 [0.35,ِ0.28] 

Tshwane 26.98% 708 [0.25,ِ0.29] 

Sedibeng 25.49% 574 [0.24,ِ0.27] 

WestِRand 27.22% 607 [0.25,ِ0.29] 

Total 27.53% 3,781 [0.27,ِ0.28] 

 

TheِtotalِforِGautengِshowedِthatِoverِone-quarterِofِrespondentsِ(27.53%)ِreportedِbeingِ

impactedِbyِaِ heatwave.ِ Inِevaluatingِ theِvarianceِbetweenِdifferentِ regionsِ reportingِ theِ

impactsِ ofِ aِ heatwave,ِ theِ ANOVAِ foundِ aِ starkِ disparityِ betweenِ Johannesburgِ andِ

Ekurhuleni.ِTheِresultsِshowedِthatِresidentsِofِJohannesburgِwereِmoreِthanِtwiceِasِlikelyِ

toِreportِbeingِimpactedِbyِaِheatwaveِthanِthoseِinِEkurhuleni. 

Thisِ couldِ beِ dueِ toِ differencesِ inِ theِ sociodemographicِ compositionِ ofِ theِ regions,ِ orِ itِ

couldِbeِaِresultِofِtheِdifferentِexperiencesِofِheatِinِtheِregions.ِForِexample,ِJohannesburgِ

mightِhaveِmoreِreportedِimpactsِofِheatِbecauseِit'sِmoreِcrowdedِandِsuffersِfromِtheِurbanِ

heatِ islandِeffectAlthoughِSedibeng,ِWestِRand,ِandِTshwaneِhadِaِminimalِdifferenceِ inِ

theirِmeans,ِtheِANOVAِF-statisticِwasِstillِrelativelyِhighِ(79.95),ِwithِaِp-valueِ<ِ0.001.ِ

Theِ p-valueِ andِ F-statisticِ indicateِ that,ِ despiteِ theِ minimalِ difference,ِ thereِ isِ stillِ

statisticallyِsignificantِvarianceِacrossِallِregions.ِThisِsuggestsِthatِtheِregionِwhereِyouِliveِ

mayِplayِaِsignificantِroleِinِhowِindividualsِreportِtheِimpactsِofِheat. 

4.2. Bivariate Analysis on sociodemographic factors 

4.2.1. Socioeconomic status 

Table 4.2. ANOVA between Self-Reported Impacts of a Heatwave and Wealth Quintiles 

(2023/24). 

Wealth_Quintile Mean Frequency CIِInterval 

Quintileِone 25.94% 630 [0.24,ِ0.28] 

Quintileِtwo 25.26% 653 [0.24,ِ0.27] 

Quintileِthree 24.97% 692 [0.23,ِ0.27] 

Quintileِfour 29.89% 863 [0.28,ِ0.32] 

Quintileِfive 30.80% 943 [0.29,ِ0.32] 
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Withِaِp-valueِofِ0.000ِandِanِF-statisticِofِ10.86,ِtheِANOVAِresultsِindicatedِaِstatisticallyِ

significantِassociationِbetweenِsocioeconomicِstatusِandِself-reportedِimpactِofِheatwaves.ِ

Individualsِ withِ aِ higherِ socioeconomicِ statusِ wereِ moreِ likelyِ toِ reportِ havingِ beenِ

impactedِbyِaِheatwave.ِTheِF-statisticِisِexpectedِdueِtoِtheِproximityِbetweenِquintilesِoneِ

toِthree.ِHowever,ِquintileِfiveِisِstillِ20%ِmoreِlikelyِtoِreportِheatِthanِquintileِone. 

4.2.2. Age 

Table 4.3. t-test between Self-Reported Impacts of a Heatwave and Age (2023/24). 

Reportedِimpact Mean CIِInterval 

Yes 42.87% [0.42,ِ0.43] 

No 42.59% [0.42,ِ0.42] 

 

Theِt-testِforِage,ِexaminingِtheِself-reportedِimpactِofِaِheatwave,ِyieldedِaِp-valueِofِ0.365ِ

andِ aِ t-valueِ ofِ -0.9106.ِ Theseِ statisticsِ indicateِ thatِ thereِ isِ noِ statisticallyِ significantِ

relationshipِbetweenِtheِvariablesِandِminimalِvarianceِbetweenِageِgroups. 

4.2.3. Education 

Table 4.4. ANOVA between Self-Reported Impacts of a Heatwave and Education 

(2023/24). 

Education Mean Frequency CIِInterval 

NoneِorِPrimary 24.33% 312 [0.22,ِ0.27] 

Secondary 26.52% 2,242 [0.27,ِ0.27] 

Tertiary 30.61% 1,196 [0.29,ِ0.32] 

TheِANOVAِ betweenِ educationِ andِ self-reportedِ impactsِ ofِ aِ heatwaveِ foundِ thatِ moreِ

educatedِ individualsِwereِmoreِ likelyِ toِ reportِ anِ impactِ ofِ aِ heatwave.ِTheِ p-valueِwasِ

<0.001,ِandِtheِF-statisticِwasِ14.79.ِTheِresultsِare,ِtherefore,ِstatisticallyِsignificant,ِwithِ

moderateِvarianceِbetweenِeducationِlevels. 

4.2.4. Sex 

Table 4.5. ANOVA between Self-Reported Impacts of a Heatwave and Sex (2023/24). 

Sex Mean Frequency CIِInterval 

Male 27.51% 1,838 [0.26,ِ0.29] 

Female 27.55% 1,943 [0.27,ِ0.29] 
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TheِANOVAِ testِonِmaleِ andِ femaleِ self-reportedِ impactsِofِ aِ heatwaveِ foundِnearlyِ noِ

differenceِbetweenِtheِgenders.ِTheِp-valueِwasِ0.9522,ِandِtheِF-statisticِwasِ0.00.ِ 

4.2.5. Race 

Table 4.6. ANOVA between Self-Reported Impacts of a Heatwave and Race (2023/24). 

Race Mean Frequency CIِInterval 

African 25.59% 2,760 [0.25,ِ0.26] 

Coloured 33.91% 197 [0.30,ِ0.38] 

Indian/Asian 35.54% 134 [0.31,ِ0.40] 

White 34.80% 686 [0.33,ِ0.37] 
Raceِexcludesِ“other”ِ(n=20). 

TheِANOVAِforِtheِdifferentِracialِgroupsِandِself-reportedِimpactِofِaِheatwaveِrevealedِaِ

significantِdifference,ِprimarilyِinِtheِAfricanِgroup.ِTheِp-valueِ<ِ0.001,ِandِtheِF-statisticِ

wasِ24.45.ِِTheِF-statisticِwasِhigh,ِandِtheِAfricanِracialِgroupِstandsِoutِwhenِcomparedِ

toِallِtheِotherِracialِgroups. 

Whenِtheِrelationshipِbetweenِtheِraceِvariableِandِwealthِquintileِvariableِwasِmeasured,ِitِ

wasِ foundِ thatِ thereِwasِaِ strongِassociationِbetweenِ theِ variables.ِQuintileِoneِ isِ97.3%ِ

African,ِwhereasِQuintileِ5ِisِmoreِdiverseِandِonlyِ47.5%ِAfrican.ِ 

4.3. Bivariate Analysis on sociodemographic factors by Region 

4.3.1. Socioeconomic status 

Table 4.7. ANOVAs between Wealth Quintiles and Self-Reported Impacts of a Heatwave 

per Region (2023/24). 

 Quintileِ1 Quintileِ2 Quintileِ3 Quintileِ4 Quintileِ5 p-value 

Ekurhuleni 18.27% 15.30% 14.42% 19.12% 17.95% 0.17 

Johannesburg 39.38% 35.35% 32.64% 36.91% 37.87% 0.09 

Tshwane 21.87% 23.71% 26.65% 27.27% 33.39% <0.001 

Sedibeng 22.02% 20.28% 24.44% 28.91% 31.41% <0.001 

WestِRand 24.43% 27.85% 24.39% 34.45% 22.99% <0.001 

Total 25.94% 25.26% 24.97% 29.89% 30.80% <0.001 

Pearsonِchi2(4)ِ=ِ43.2992ِِِPrِ=ِ0.000 

Tshwane,ِ Sedibeng,ِ andِ theِWestِ Randِ allِ showedِ aِ statisticallyِ significantِ relationshipِ

betweenِtheِself-reportedِimpactsِofِheatِacrossِdifferentِwealthِquintiles.ِTshwaneِshowedِ

theِhighestِvarianceِ(F-statisticِ=ِ5.58),ِwithِself-reportedِimpactsِofِaِheatwaveِincreasingِ
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consistentlyِacrossِeachِquintile.ِSedibengِexhibitedِaِsimilarِtrendِinِreportingِtoِTshwaneِ

withِanِF-statisticِofِ4.68. 

TheِWestِRandِshowedِtheِleastِvarianceِbetweenِtheِquintilesِ(F-statisticِ=ِ4.70);ِhowever,ِ

theِtrendِacrossِquintilesِdifferedِfromِthoseِinِTshwaneِandِSedibeng.ِForِquintilesِoneِtoِ

four,ِthereِwasِaِconsistentِ increaseِ inِ self-reportedِ impactsِofِaِheatwave.ِHowever,ِthereِ

wasِaِsuddenِdecreaseِgoingِfromِquintileِfourِ(34.45%)ِtoِquintileِfiveِ(22.99%).ِ 

4.3.2. Age 

Table 4.8. t-tests between Age and Self-Reported Impacts of a Heatwave per Region 

(2023/24). 

Region No Yes P-value 

Ekurhuleni 41.59% 43.07% 0.07 

Johannesburg 42.62% 41.86% 0.13 

Tshwane 42.66% 44.84% 0.00 

Sedibeng 44.38% 43.93% 0.58 

WestِRand 41.99% 41.78% 0.77 

Total 42.59% 42.87% 0.36 

Pearsonِchi2(79)ِ=ِ63.9837ِِِPrِ=ِ0.890 

OnlyِTshwaneِshowedِstatisticalِsignificanceِacrossِageِgroupsِforِtheِself-reportedِimpactsِ

ofِ aِ heatwave;ِ theِ F-statisticِ forِ Tshwaneِ wasِ -3.01,ِ indicatingِ anِ inverseِ relationship.ِ

EkurhuleniِwasِonlyِmarginallyِsignificantِwithِaِlowِF-statisticِofِ-1.84.ِ 

4.3.3. Education  

Table 4.9. ANOVAs between Education and Self-Reported Impacts of a Heatwave per 

Region (2023/24). 

 EducationِLevel  

Region None/Primary Secondary Tertiary p-value 

Ekurhuleni 14.93% 15.95% 20.24% 0.03 

Johannesburg 32.82% 35.425 38.56% 0.08 

Tshwane 25.38% 26.14% 29.10% 0.25 

Sedibeng 19.71% 23.91% 32.73% 0.00 

WestِRand 27.80% 28.41% 23.72% 0.11 

Total 24.43% 26.52% 30.61% <0.001 

Pearsonِchi2(2)ِ=ِ29.5155ِِِPrِ=ِ0.000 
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Sedibengِ showedِ aِ statisticallyِ significantِ relationshipِ betweenِ educationِ levels.ِ Theِ F-

statisticِ forِ Sedibengِ wasِ moderatelyِ highِ (11.07),ِ indicatingِ thatِ theِ varianceِ betweenِ

educationِlevelsِshiftsِsubstantially.ِEkurhuleniِandِJohannesburgِshowedِmoderateِstatisticalِ

significance.ِ However,ِ theirِ F-statisticِ wasِ muchِ lowerِ thanِ Sedibeng’s,ِ 3.56ِ andِ 2.54,ِ

respectively. 

4.3.4. Sex 

Table 4.10. ANOVAs between Sex and Self-Reported Impacts of a Heatwave per Region 

(2023/24). 

 Sex  

Region Male Female p-value 

Ekurhuleni 16.97% 17.06% 0.95 

Johannesburg 36.86% 36.12% 0.63 

Tshwane 25.53% 28.34% 0.11 

Sedibeng 26.96% 24.12% 0.12 

WestِRand 26.49% 27.91% 0.45 

Total 27.51% 27.55% 0.95 

Pearsonِchi2(1)ِ=ِِِ0.0036ِِِPrِ=ِ0.952 

 

Noneِ ofِ theِ regionsِ showedِ aِ statisticallyِ significantِ relationshipِ betweenِ sexِ andِ self-

reportedِimpactsِofِaِheatwave.ِTheseِfindingsِconfirmِthoseِdoneِinِtheِbivariateِanalysisِforِ

theِentireِGautengِregion. 

4.3.5. Race 

Table 4.11. ANOVAs between Race and Self-Reported Impacts of a Heatwave per Regionِ

(2023/24). 

 Race  

Region African Coloured Indian/Asian White p-value 

Ekurhuleni 15.52% 22.22% 12.20% 25.21% <0,001 

Johannesburg 35.81% 35.91% 41.29% 38.98% 0.42 

Tshwane 24.82% 20.00% 30.88% 37.72% <0,001 

Sedibeng 22.22% 40.00% 42.11% 37.83% <0,001 
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Westِrand 25.43% 51.25% 35.42% 30.66% <0,001 

Total 25.59% 33.91% 35.54% 34.80% <0.001 

ِPearsonِchi2(4)ِ=ِ97.1495ِِِPrِ=ِ0.000 

Raceِexcludesِ“other”ِ(n=20). 

 Allِ fourِ regions,ِ exceptِ forِ Johannesburg,ِ showedِ aِ statisticallyِ significantِ relationshipِ

betweenِraceِandِtheِself-reportedِimpactsِofِheat.ِ 

Ekurhuleniِhadِtheِleastِvarianceِacross tِheِdifferentِregions.ِNotably,ِinِEkurhuleni,ِtheِracialِ

groupِwithِ theِ lowestِ reportingِ ofِ heatwaveِ impactsِwasِ Indian/Asianِ (12.20%),ِ followedِ

closelyِ byِAfricanِ (15.52%).ِTheِ higherِ racialِ groupsِwereِColouredِ (22.22%)ِ andِWhiteِ

(25.21%).ِ 

InِTshwane,ِ theِracialِgroupِwithِtheِhighestِreportedِimpactsِwasِWhiteِ(37.73%),ِwithِaِ

relativelyِdecentِsampleِsizeِ(448).ِTheِlowestِgroupِwasِColouredِ(20%)ِwithِaِsampleِsizeِ

ofِ65,ِfollowedِbyِAfricanِ(24.82%)ِwithِtheِlargestِsampleِsizeِofِ2,035.ِTheِIndian/Asianِ

groupِhadِaِsmallِsampleِsizeِ(68)ِwithِaِhighِlikelihoodِofِreportingِimpactsِ(30.88%). 

Sedibengِ exhibitedِ theِ highestِ varianceِ (12.70).ِ Theِ highِ likelihoodِ ofِ reportsِ byِ

Indians/Asiansِ(42.11%)ِcouldِbeِdueِtoِtheِsmallِsampleِsizeِinِSedibengِ(19).ِTheِColouredِ

racialِgroupِhadِaِhighِlikelihoodِ(40%),ِbutِsimilarlyِhadِaِlowِsampleِsizeِ(30).ِAfricansِ

(1,787)ِ andِWhitesِ (415)ِ hadِ aِ higherِ sampleِ sizeِ inِ Sedibeng,ِ withِ aِ largeِ varianceِ inِ

reporting,ِatِ22.22%ِandِ37.83%,ِrespectively. 

InِtheِWestِRand,ِtheِColouredِgroupِhadِaِveryِhighِlikelihoodِofِreportingِ(50%),ِwhichِisِ

likelyِdueِtoِtheِsampleِsizeِofِ80.ِTheِsecondِhighestِlikelihoodِwasِIndian/Asianِ(35.42%),ِ

withِaِsampleِsizeِofِ48.ِFollowedِcloselyِbyِWhiteِ(30.66%)ِwithِaِsampleِsizeِofِ287.ِTheِ

lowestِ likelihoodِwasِobservedِ inِtheِAfricanِgroupِ (25.42%),ِwithِ theِ largestِ sampleِsizeِ

(1,813). 

4.4. Regression Analysis on sociodemographic factors by Region 

Thisِ regressionِ analysisِ forِ allِ ofِ Gautengِ revealedِ thatِ onlyِ Africanِ wasِ statisticallyِ

significantِ (pِ<ِ0.001).ِTheِnegativeِcoefficientِofِ theِAfricanِvariableِ indicatesِ thatِbeingِ

AfricanِreducesِyourِlikelihoodِofِreportingِanِimpactِofِaِheatwaveِTheِsignificanceِofِtheِ

constantِvariableِ(pِ<ِ0.001)ِandِtheِlowِpseudo-R-squaredِvalueِ(0.0347)ِforِtheِregressionِ

indicateِthatِthereِareِlikelyِotherِsignificantِfactorsِthatِhaveِnotِbeenِincludedِinِtheِmodel.ِ 
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TheِregressionِforِGautengِalsoِshowedِthatِallِregionalِdummyِvariablesِwereِstatisticallyِ

significantِ andِ positivelyِ associatedِ withِ theِ likelihoodِ ofِ reportingِ heatwaveِ impacts.ِ

ComparedِtoِEkurhuleniِ(theِreferenceِregion),ِindividualsِlivingِinِJohannesburgِ(regionِ2)ِ

wereِ 21.3%ِmoreِ likelyِ toِ reportِ heatwaveِ impacts,ِ theِ highestِ marginalِ effectِ observedِ

among tِhe rِegionalِcategories.ِTshwane (ِregionِ3),ِSedibeng (ِregionِ4),ِandِWestِRand (ِregionِ

5)ِalsoِshowedِincreasedِlikelihoodsِofِ11.87%,ِ8.00%,ِandِ12.42%,ِrespectively.. 

Theِregionalِregressionِanalysesِ revealedِthatِraceِwasِtheِonlyِsociodemographicِvariableِ

withِ statisticalِ significanceِ inِ moreِ thanِ oneِ region.ِ Africanِ showedِ highِ statisticalِ

significanceِ inِ Sedibengِ (p<0.001)ِ andِ moderateِ statisticalِ significanceِ inِ Tshwaneِ andِ

Ekurhuleniِ(p<0.05).ِِSedibengِshowedِtheِhighestِmarginalِeffectِ(-13.72)ِoutِofِtheِotherِ

twoِregions,ِTshwaneِ(-6.22)ِandِEkurhuleniِ(-5.80).ِ 

InِTshwane, tِheِwealthِvariableِwasِstatisticallyِsignificant (ِpِ<ِ0.05)ِandِhadِaِmarginalِeffectِ

ofِ3.64%,ِ indicatingِ thatِaِchangeِ inِwealthِ resultsِ inِonlyِ aِ slightِchangeِ inِ self-reportedِ

impactsِ ofِ aِ heatwave.ِTshwane,ِ beingِ theِ onlyِ regionِ toِ showِ statisticalِ significanceِ forِ

wealth,ِisِnoteworthyِasِitِalso rِeported tِheِhighestِF-statisticِin tِheِbivariateِanalysisِofِwealthِ

andِself-reportedِimpactsِbetweenِregions. 

Ageِwasِalsoِstatisticallyِsignificantِ(p<0.05)ِinِTshwane,ِalthoughِ itsِcoefficientِwasِveryِ

lowِ (0.00),ِ andِ theِ marginalِ effectsِ wereِ alsoِ minorِ (0.16%).ِTheِ smallِ marginalِ effectsِ

indicateِthatِtheِrelationship,ِalthoughِmoderatelyِstatisticallyِsignificant,ِisِnotِstrong.ِ 

Sexِwasِfoundِtoِbeِmoderatelyِstatisticallyِsignificantِ(pِ<ِ0.05)ِinِSedibeng.ِTheِnegativeِ

coefficientِ(-0.26)ِindicatesِthatِmalesِareِlessِlikelyِtoِreportِbeingِimpactedِbyِaِheatwave.ِ

Theِmarginalِeffectsِshowِthatِbeingِmaleِincreasesِtheِlikelihoodِofِreportingِimpactsِofِaِ

heatwaveِbyِ7.69%. 

Aِsimilarِ levelِofِeffectِwasِobservedِinِEkurhuleniِwithِtertiaryِeducation.ِTheِcoefficientِ

wasِ0.29,ِwithِmoderateِstatisticalِsignificanceِ(p<0.05)ِandِmarginalِeffectsِofِ7.03%.ِTheِ

positiveِcoefficientِindicatesِthatِobtainingِaِtertiaryِeducationِwillِ increaseِyourِlikelihoodِ

ofِreportingِheatwaveِimpactsِbyِ7.03%. 

Itِ wasِ notableِ thatِ noِ sociodemographicِ variablesِ showedِ statisticalِ significanceِ inِ

Johannesburg,ِandِtheِLRِchi-squaredِforِJohannesburgِwasِinsignificantِ(pِ=ِ0.2580),ِasِwasِ

theِcaseِforِWestِRandِ(pِ=ِ0.0162).ِTheseِwereِtheِonlyِtwoِregionsِwhoseِregressionsِwereِ

notِ aِ goodِ fit.ِ However,ِ theirِ likelihoodِ ratiosِ wereِ stillِ lowerِ thanِ thoseِ ofِ Gauteng,ِ
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indicatingِthatِeachِregionِmakesِitsِownِuniqueِcontributionsِtoِtheِself-reportedِimpactsِofِ

aِheatwave,ِwhichِtheِmodelsِdidِnotِaccountِfor.
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Table 4.12. Regression Results. 

***p<0.01;ِ**p<0.05;ِ*p<0.1 

Standardِerrorsِareِgivenِinِparentheses. 

Weighted results 

Note:ِTheِresultsِofِtheِWestِRandِprobitِregressionِwereِinsignificantِwithِaِchi-squaredِp-valueِofِ0.0162ِandِaccordinglyِleftِoutِofِreportedِfindingsِabove.

 CityِofِEkurhuleni CityِofِJohannesburg CityِofِTshwane Sedibeng Total 

 coefficients marginalِ

effects(%) 

coefficients marginalِ

effects(%) 

coefficients marginalِ

effects(%) 

coefficients marginalِ

effects(%) 

coefficients marginalِ

effects(%) 

Wealth_index -0.04(0.03) -0.91(0.01) -0.07(0.05) -2.65(0.02) 0.11**(0.05) 3.64**(0.02) -0.02(0.05) -0.55(0.02) -0.02(0.02) -0.54(0.01) 

Age 0.00(0.00) 0.03(0.00) -0.00(0.00) -0.11(0.00) 0.00**(0.00) 0.16**(0.00) -0.00(0.00) -0.07(0.00) 0.00(0.00) 0.02(0.00) 

Education_3 0.07(0.13) 1.71(0.03) -0.10(0.15) -3.84(0.06) 0.04(0.14) 1.28(0.04) 0.02(0.16) 0.48(0.05) 0.00(0.07) 0.03(0.02) 

Education_5 0.29**(0.15) 7.03**(0.03) 0.03(0.16) 1.05(0.06) 0.11(0.16) 3.47(0.05) 0.21(0.19) 6.29(0.06) 0.19(0.08) 3.84(0.03) 

Sex 0.03(0.07) 0.71(0.02) 0ِ.01(0.06) 0.44(0.02) 0.11(0.07) 3.57(0.02) -0.26**(0.09) -7.69**(0.02) 0.02(0.04) 0.73(0.01) 

African -0.24**(0.09) -5.80**(0.02) -0.12(0.08) -4.48(0.03) -0.19**(0.09) -6.22**(0.03) -0.47***(0.12) -13.72***(0.04) -0.22***(0.05) -7.10***(0.01) 

Region_2         0.66***(0.05) 21.30***(0.02) 

Region_3         0.37***(0.05) 11.87***(0.02) 

Region_4         0.25***(0.06) 8.00***(0.02) 

Region_5         0.38***(0.51) 12.42***(0.02) 

Constant -1.02***(0.23)  -0.09(0.24)  -0.89***(0.24)  -0.06(0.30)  -0.90***(0.13)  

           

LogِLikelihood -1606.59  -2877.94  -2068.91  -539.64  -7658.17  

LRِchi-squared 18.58**  7.74  33.31***  29.30***  263.07***  

PseudoِR2 0.0098  0.0040  0.0216  0.0267  0.0347  

Sampleِ(n) 2,691  

 

3,900  2,606  2,225  13,644  
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5.  Discussion: 

Theِ findingsِaboveِprovideِanِanalysisِofِhowِsociodemographicِvariablesِcorrelateِwithِheatِ

riskِperceptions.ِInِtheِdiscussionِthatِfollows,ِthe rِelationshipsِwillِbeِsummarisedِandِcomparedِ

toِtheِexistingِliterature.ِThereafter,ِtheِfindingsِwillِbeِintegratedِintoِtheِconceptualِframeworkِ

toِillustrateِtheِimplicationsِofِtheseِfindingsِforِheatِandِhealth,ِfollowedِbyِaِdiscussionِofِtheِ

limitationsِandِrecommendationsِofِthisِresearch.ِ 

5.1. Heat Risk Perception 

Theِfirstِobservationsِaimedِtoِevaluateِtheِnumberِofِ individualsِwhoِreportedِanِimpactِofِaِ

heatwaveِinِtheِWaveِ7ِGCROِdata.ِTheِresultsِshowِthatِ27.5%ِofِparticipantsِreportedِhavingِ

beenِ impactedِ byِ aِ heatwave.ِTheseِ resultsِ appearِ lowِwhenِ comparedِ toِ otherِ studiesِ thatِ

reportedِbetweenِ60-80%ِofِparticipantsِknewِofِheatwavesِandِtheirِ impactsِonِhumanِhealthِ

(Bai et al., 2013; Liu et al., 2013a; Rauf et al., 2017).ِTheyِwereِalsoِlowِwhenِcompared tِoِstudiesِ

thatِ askedِ aboutِ individuals'ِ concernsِ aboutِ heatwaves,ِ whereِ theِ responseِ rateِ wasِ 68%ِ

(Madriganoِetِal.,ِ2018).ِ 

Ourِfindingsِindicateِthatِlessِthanِone-thirdِofِrespondentsِreportedِtheِimpactِofِaِheatwave.ِ

However,ِtheِquestionِinِtheِGCROِQoLِwasِmoreِspecificِthanِthoseِusedِinِotherِstudies.ِTheِ

questionِexplicitlyِaskedِifِaِheatwaveِhadِimpactedِtheِindividual.ِTheِquestionِwas,ِtherefore,ِ

primarilyِconcernedِwithِwhetherِindividualsِwereِawareِofِactualِimpacts,ِratherِthanِpotentialِ

impacts.ِThus,ِconsideringِtheِnatureِofِheatِandِtheِsubtletyِofِitsِactualِimpacts,ِaِ27.5%ِreportِ

rateِcouldِbeِconsideredِrelativelyِhigh.ِ 

AccordingِtoِtheِSouthِAfricanِWeatherِService,ِGautengِalsoِhasِaِlowِthresholdِforِheatwaves.ِ

Aِthresholdِisِusedِasِaِtriggerِpointِforِwhenِtoِdeclareِaِheatwave,ِspecificallyِtoِpreventِ itsِ

harmfulِ effects.ِ Aِ lowِ thresholdِ indicatesِ lowerِ thermalِ comfort,ِ andِ accordinglyِ lowerِ

acclimatisationِ(Lam & Lau, 2018).ِTherefore,ِtheِlowِthresholdِinِGauteng,ِcombinedِwithِtheِ

lowِreportِrate,ِsuggestsِaِneedِforِaِhigherِheatِriskِperception.ِEspeciallyِasِresearchِsuggestsِ

thatِ temperaturesِ asِ lowِ asِ 24°Cِ couldِ stillِ haveِ negativeِ impactsِ onِ healthِ inِ urbanِ areasِ

(Beckmannِ&ِHiete,ِ2020). 

Mostِadaptationِstrategiesِareِinformedِbyِscientificِmethodsِthatِseekِtoِunderstandِtheِfutureِ

riskِofِclimateِhazardsِ(Garschagen et al., 2021).ِAccordingly,ِtheِpoliciesِandِstrategiesِthatِflowِ

fromِtheseِassessmentsِdoِnotِgiveِaِfullِpictureِ(Okunola et al., 2022).ِWhileِcurrentlyِtheِCityِ

ofِJohannesburgِhasِaِClimateِChangeِActionِPlan, tِhisِplanِdoesِnotِincludeِanyِmentionِofِhowِ
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theyِplanِtoِincreaseِheatِriskِperception.ِTheِEkurhuleniِClimateِChangeِResponseِStrategyِisِ

slightlyِmoreِinclusiveِofِsociodemographicِfactors,ِcitingِaccessِtoِresourcesِinِruralِareasِasِanِ

adaptationِ actionِ area.ِ Similarly,ِ theِ Tshwaneِ Climateِ Changeِ Actionِ Planِ recognisesِ

vulnerabilities,ِbutِfailsِtoِrecogniseِraceِasِanِaspectِofِvulnerabilityِthatِneedsِtoِbeِlookedِat.ِ

SedibengِandِWestِRandِdoِnotِyetِhaveِanyِclimateِchangeِpolicy.ِWhatِtheseِpoliciesِshowِisِ

thatِwhileِsociodemographicِvulnerabilitiesِareِrecognised,ِtheirِcontributionِtoِ riskِperceptionِ

areِnotِbeingِplannedِandِaccountedِfor. 

Theseِ resultsِ areِ importantِ becauseِ heatِ riskِ perceptionِ playsِ aِ crucialِ roleِ inِ determiningِ

vulnerability.ِItِinfluencesِbothِexposureِandِadaptiveِcapacityِ(Beckmannِ&ِHiete,ِ2020;ِHassِ

etِ al.,ِ 2021).ِAsِ such,ِ ourِ findingsِ suggestِ thatِ toِ reduceِ theِ vulnerabilityِ ofِ theِ Gautengِ

population,ِgreaterِemphasisِshouldِbeِplacedِonِincreasingِheatِriskِperception.ِToِeffectivelyِ

doِthis,ِanِappreciationِforِtheِvariousِcorrelationsِbetweenِheatِriskِperceptionِandِotherِfactorsِ

isِalsoِnecessary.ِAccordingly,ِtheِdiscussionِthatِfollowsِunpacksِtheِresultsِofِtheِanalysesِdoneِ

betweenِ heatِ riskِ perceptionِ andِ sociodemographicِ variables.ِ Essentially,ِ seekingِ toِ identifyِ

whichِpopulationsِareِmostِvulnerable. 

5.2. Sociodemographic Factors and Heat Risk Perception 

Theِliteratureِreviewِsuggestsِthatِfactorsِsuchِasِeducation,ِage,ِsex,ِrace,ِandِsocioeconomicِ

statusِ canِ allِ affectِ heatِ riskِ perception.ِ However,ِ ourِ findingsِ showِ thatِ notِ allِ theseِ

sociodemographicِvariablesِwereِsignificantِeitherِregionallyِorِinِtheِgreaterِGauteng. 

5.2.1. Sex and age 

Ourِresultsِshowِnoِdirectِtrendِinِtheِvariationِacrossِdifferentِageِandِsexِgroups.ِِThisِlackِofِ

significanceِ isِalsoِevidentِ inِtheِregressionsِ forِGautengِandِ itsِrespectiveِregions.ِOnlyِtwoِ

regionsِshowedِstatisticalِsignificanceِforِageِorِsexِinِtheِregressionِanalyses.ِThatِbeingِsaid,ِ

anِevaluationِofِtheseِfindingsِrevealsِthat,ِalthoughِtheِvariablesِwereِmoderatelyِsignificantِ(Pِ

<ِ 0.05),ِ theirِ marginalِ effectsِ andِ coefficientsِ wereِ relativelyِ low.ِAccordingly,ِ theseِ resultsِ

indicateِthatِtheِrelationshipِbetweenِheatِriskِperceptionِandِageِandِsexِ isِnotِstrongِforِtheِ

Gautengِregion. 

Whileِotherِliteratureِindicatesِaِhigherِheatِriskِperceptionِinِfemalesِ(Liu et al., 2013a; Rauf et 

al., 2017; Williams et al., 2019),ِourِfindingsِsuggestِthatِthisِdisparityِbetweenِgendersِmayِnotِ

beِasِprevalentِinِGauteng.ِTheِresultsِforِageِareِmoreِconsistentِwithِtheِliteratureِthatِsuggestsِ

thatِalthoughِageِinfluencesِvulnerability,ِthisِdoesِnotِnecessarilyِincreaseِheatِriskِperceptionِ

(Abrahamsonِetِal.,ِ2008;ِLaneِetِal.,ِ2014;ِWilliamsِetِal.,ِ2019). 
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5.2.2. Socioeconomic status and education 

Aِ clearِ trendِ wasِ observedِ betweenِ socioeconomicِ statusِ andِ theِ self-reportedِ impactsِ ofِ aِ

heatwaveِinِtheِbivariateِanalyses.ِHigherِquintilesِwereِallِmoreِlikelyِtoِreportِbeingِimpactedِ

byِaِheatwave,ِwhereasِtheِlowerِquintilesِwereِlessِlikely.ِAِsimilarِtrendِwasِobservedِacrossِ

educationِlevels,ِwithِhigherِeducationِlevelsِmoreِlikelyِtoِreportِtheِimpactsِofِaِheatwave. 

Similarِ resultsِ canِ beِ foundِ inِ bivariateِ analysesِ withِ socioeconomicِ statusِ inِ otherِ studiesِ

(Madriganoِetِal.,ِ2018).ِHowever,ِtheِlackِofِstatisticalِsignificanceِ inِtheِregressionِanalysisِ

suggestsِthatِalthoughِheatِriskِperceptionِvariesِacrossِsocioeconomicِstatus,ِthisِvariationِisِnotِ

attributedِsolelyِtoِchangesِinِsocioeconomicِstatus.ِ 

Educationِalsoِshowedِnoِsignificanceِinِanyِofِtheِregressionِanalyses,ِexceptِforِEkurhuleni,ِ

whichِ showedِ statisticalِ significanceِ forِ tertiaryِ education.ِ Theِ lackِ ofِ prevalenceِ inِ theِ

regressionsِindicatesِthatِtheِvarianceِacrossِeducationِlevelsِisِnotِsolelyِdueِtoِeducationِandِisِ

likelyِaِresultِofِotherِvariables.ِOtherِstudiesِsuggestِthatِtheِeffectِofِeducationِonِvulnerabilityِ

isِ betterِunderstoodِwhenِ itِ isِ seenِ inِconjunctionِwithِotherِvariablesِ (Conte Keivabu, 2022; 

Voelkel et al., 2018).ِ 

5.2.3. Race 

Raceِwasِ statisticallyِ significantِ inِ everyِ region'sِ bivariateِ analysisِ andِ inِ theِ probitِ analysisِ

performedِ usingِ allِ sociodemographicِ variables.ِ Theseِ resultsِ indicateِ thatِ theِ relationshipِ

betweenِtheِself-reportedِimpactsِofِaِheatwaveِandِraceِisِstrongِinِGauteng.ِItِwasِalsoِtheِonlyِ

variableِtoِshowِstatisticalِsignificanceِinِtheِregionalِregressionِanalyses. 

Although tِhereِare fِewِstudiesِwhichِevaluate rِacialِdisparitiesِinِheat rِiskِperception, tِhe rِesearchِ

isِevidentِ inِdemonstratingِhowِaccessِ toِresourcesِ influencesِheatِ riskِperceptionِ (Bai et al., 

2013; Cutter et al., 2003; Hajat & Kosatky, 2010b; Schuman, 1972).ِAccordingly,ِourِresultsِmustِ

beِunderstoodِinِtheِcontextِofِSouthِAfrica’sِracialisedِhistory.ِAِhistoryِinِwhichِtheِAfricanِ

racialِ groupِ wasِ intentionallyِ restrictedِ fromِ economic,ِ socialِ andِ politicalِ resourcesِ

(Shahabooninِetِal.,ِ2023).ِThus,ِtheِvarianceِobservedِbetweenِracialِgroupsِinِourِfindingsِisِ

indicativeِofِaِdisparityِinِaccessِtoِresources,ِwhichِaffectsِheatِriskِperception. 

Theِstudiesِthatِhaveِinvestigatedِhowِraceِandِheatِriskِperceptionِhaveِidentifiedِthatِspatialِ

inequalityِisِtheِmainِcontributorِtoِanyِracialِdisparityِinِheatِriskِperceptionِ(Benzِ&ِBurney,ِ

2021;ِMitchellِ&ِChakraborty,ِ2018;ِWilson,ِ2020).ِAsِsuch,ِourِfindings,ِ inِconjunctionِwithِ
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theِliterature,ِsuggestِthatِtheِvulnerabilityِofِracialِgroupsِisِlikelyِdueِtoِracialِsegregationِandِ

economic,ِsocialِandِpoliticalِexclusion. 

5.2.4. Who is most vulnerable? 

Theseِresultsِsuggestِthatِtheِmostِsignificantِsociodemographicِvariableِinِself-reportedِimpactsِ

ofِ aِ heatwaveِ isِ race.ِ Ourِ resultsِ differِ fromِ theِ resultsِ ofِRauf et al.,ِ whoِ foundِ thatِ age,ِ

education,ِ gender,ِ andِ incomeِwereِ allِ significantِ predictorsِ inِ theirِ logitِmodelِ (Raufِ etِ al.,ِ

2017).ِOneِreasonِforِthisِdifferenceِcouldِbeِtheِhigherِlevelsِofِreportedِheatِawarenessِinِtheِ

Rauf et al. studyِ(70-80%)ِcomparedِtoِtheِlowerِreportsِinِourِstudyِ(27.5%). 

Whileِ socioeconomicِ statusِ andِ educationِ bothِ showِ trendsِ inِ heatِ riskِ perception,ِ thisِ

relationshipِdoesِnotِexplainِtheِreportedِimpactsِofِheat.ِAgeِandِsexِshowِnoِrelationshipِinِourِ

analysis,ِwhichِcouldِbeِdueِtoِtheِdominanceِofِ theِotherِvariables.ِOfِallِ theِvariables,ِraceِ

showsِsignificanceِfarِaboveِtheِothers,ِindicatingِthatِracialِdisparitiesِinِGautengِmakeِtheِmostِ

significantِcontributionِtoِhowِindividualsِreportِtheِimpactsِofِaِheatwave. 

Race,ِ beingِ theِmostِ significantِ sociodemographicِ factor,ِmayِ alsoِ contributeِ toِ theِ varianceِ

observedِacrossِbothِeducationِandِsocioeconomicِstatus.ِAccordingِtoِtheِGCROِdata,ِ97%ِofِ

individualsِ whoِ reportedِ noِ educationِ orِ onlyِ primaryِ schoolِ levelِ educationِ wereِAfrican.ِ

Similarly,ِ97%ِofِindividualsِbelongingِtoِquintileِoneِwereِAfrican,ِcomparedِtoِonlyِ47.45%ِinِ

quintileِ fiveِ (Gauteng City Region Observatory, 2024).ِ ِAccordingly,ِ theِAfricanِ racialِ groupِ

likelyِfacesِtheِgreatestِvulnerabilityِtoِheatِinِGautengِdueِtoِtheِlackِofِaccessِtoِresources. 

Thisِ lackِ ofِ accessِ toِ resourcesِ isِmoreِ evidentِwhenِweِuseِ theِGCROِdataِ toِ evaluateِ theِ

percentageِ ofِ respondentsِ livingِ inِ informalِ dwellingsِ forِ eachِ raceِ group.ِThisِ analysisِwasِ

conductedِusingِaِchi-squaredِtestِforِindependence.ِTheِanalysisِyieldedِaِchi-squareِstatisticِofِ

510.09ِwithِ 4ِ degreesِ ofِ freedomِ andِ aِ p-valueِ <ِ 0.001.ِWeِ canِ thereforeِ concludeِ thatِ theِ

relationshipِ betweenِ raceِ andِ informalِ dwellingِ isِ statisticallyِ significant.ِ Ofِ theِ 1,857ِ

respondentsِwhoِliveِinِanِinformalِdwelling,ِ1,826ِ(98.3%)ِwereِAfricanِ(Gauteng City Region 

Observatory, 2024). 

Whenِaِsimilarِanalysisِwasِconductedِwithِmedicalِaid,ِtheِresultsِshowedِaِchi-squareِstatisticِ

ofِ overِ 3000,ِ withِ 4ِ degreesِ ofِ freedom,ِ andِ aِ p-valueِ <ِ 0.001.ِ Therefore,ِ theِ relationshipِ

betweenِmedicalِaidِandِraceِwasِstatisticallyِsignificant,ِandِtheِveryِhighِchi-squaredِstatisticِ

isِ evidenceِ ofِ aِ veryِ strongِ relationshipِ betweenِ theِ variables.ِAِ totalِ ofِ 9,043ِ respondentsِ

withoutِmedicalِaidِwereِAfrican,ِcomprisingِ65.84%ِofِtheِtotalِsample.ِWhileِmedicalِaidِisِ



47 

 

notِnecessarilyِevidenceِofِlowِheat rِiskِperception, iِtِisِevidenceِof tِheِlackِofِaccess tِo rِesourcesِ

forِtheِAfricanِpopulationِ(Gauteng City Region Observatory, 2024). 

Thisِisِ likelyِaِresultِofِdiscriminatoryِlawsِwhichِwereِdesignedِtoِexcludeِAfricansِfromِtheِ

economyِandِtheِstateِinِgeneral.ِPartِofِthisِdiscriminationِwasِtheِintentionalِdevelopmentِofِ

apartheidِspatialِplanning,ِaِtoolِforِsystematicِsegregationِinِmoreِurbanisedِareas.ِTheِeffectsِ

ofِthisِwillِbeِdiscussedِinِtheِsubsequentِsection. 

5.3. Spatial Inequality and Heat Risk Perception 

Ourِfindingsِonِtheِregionalِrelationshipsِbetweenِheatِriskِperceptionِrevealedِvarianceِacrossِ

differentِregionsِinِGauteng.ِParticipantsِfromِJohannesburgِwereِnearlyِtwiceِasِlikelyِtoِreportِ

beingِimpactedِbyِaِheatwaveِasِthoseِfromِEkurhuleni.ِ 

Johannesburgِ isِnotableِbecauseِneitherِ theِbivariateِnorِtheِ regressionِanalysisِ identifiedِanyِ

sociodemographicِvariablesِasِsignificantِinِexplainingِtheِhigherِnumberِofِreportsِofِheatwaveِ

impacts.ِ Accordingly,ِ otherِ variablesِ mustِ contributeِ toِ Johannesburg’sِ higherِ reportsِ ofِ

heatwaveِimpactsِcomparedِtoِtheِotherِregions.ِOneِofِtheseِreasonsِcouldِbeِtheِdensityِofِtheِ

populationِinِJohannesburgِ(Parker & Hamann, 2020),ِtheِincreaseِofِwhichِisِexpectedِtoِmakeِ

Johannesburgِvulnerableِtoِheatِstressِriskِ(Le Roux, Arnold, et al., 2019). 

OneِexplanationِforِtheِdisparityِbetweenِJohannesburgِandِEkurhuleni’sِreportedِheatِimpactsِ

isِ theِ Urbanِ Heatِ Islandِ (UHI)ِ effect,ِ whichِ suggestsِ thatِ moreِ urbanِ areasِ getِ higherِ heatِ

exposure.ِFigureِ2.8ِindicatesِthatِbothِJohannesburgِandِEkurhuleniِhaveِexperiencedِtheِmostِ

significantِincreaseِinِurbanisationِsinceِ1990.ِAccordingly,ِtheِdisparityِbetweenِtheِregionsِisِ

unlikelyِtoِbeِdueِtoِUHI.ِThisِisِfurtherِsupportedِbyِFigureِ2.5,ِwhichِshowsِthatِJohannesburgِ

andِEkurhuleniِbothِproduceِlowِlevelsِofِgreenِcarbonِperِhectare. 

Inِotherِstudiesِthatِhaveِevaluatedِracialِdisparitiesِ inِheatِriskِperception,ِtheِsuggestionِwasِ

thatِtheِmostِsignificantِcontributorsِtoِracialِdisparitiesِ inِheatِareِsegregationِandِgeographicِ

disparitiesِ (Benzِ &ِ Burney,ِ 2021;ِ Manwareِ etِ al.,ِ 2022;ِ Mitchellِ &ِ Chakraborty,ِ 2018).ِ

Accordingly,ِwhenِinterpretingِtheِresultsِofِourِanalysis,ِweِmustِconsiderِSouthِAfrica’sِhistoryِ

ofِ segregationِ andِ spatialِ inequality—theِ spatialِ disparityِ resultingِ fromِ apartheid-eraِ spatialِ

planning.ِ 

InِGauteng,ِJohannesburgِhasِbeenِidentifiedِbyِGCRO rِesearchِas tِheِcityِwith tِheِmostِdiversityِ

(Hamannِ&ِBallard,ِ2017).ِTheِdiversityِofِJohannesburgِisِnotِbyِchance.ِItِisِcloselyِlinkedِtoِ

theِemploymentِopportunitiesِand,ِaccordingly,ِtheِsocioeconomicِstatusِinِtheِregionِ(Hamann, 
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2024).ِThisِcouldِexplainِwhyِitِisِtheِonlyِmunicipalityِwithoutِraceِasِaِsignificantِvariableِinِ

theِregressionِanalysisِandِfurtherِshowsِtheِinextricableِlinkِbetweenِracialِandِspatialِinequalityِ

inِGauteng. 

Theِregionalِanalysisِrevealedِthat tِheِdifferentِregionsِwithinِGautengِhaveِvaryingِrelationshipsِ

betweenِsociodemographicِvariablesِandِperceptionsِofِheatِrisk.ِTheِonlyِvariableِthatِshowsِ

someِ consistencyِ acrossِ theِ differentِ regionsِ wasِ race.ِ Therefore,ِ raceِ remainsِ theِ mostِ

significantِ sociodemographicِ variableِ inِ relationِ toِ heatِ riskِ perception.ِ Theِ varianceِ acrossِ

regionsِmayِbeِaِresultِofِspatialِdisparity,ِaِlegacyِofِapartheidِspatialِplanning.ِِ 

5.4. Our Findings in the Context of Human Adaptation to Heat 

Ourِ conceptualِ framework,ِ "HumanِAdaptationِ toِ Heatِ inِ theِ Contextِ ofِ Climateِ Change,"ِ

identifiesِhowِdifferentِcomponentsِofِheatِandِhealthِadaptationِinteractِandِrelateِtoِeachِother.ِ

Figureِ2.1.ِdepictsِtheِinteractionِbetweenِtheِvariousِcomponents.ِTheِframeworkِemphasisesِ

theِcomplexityِofِheatِandِhealthِadaptation,ِandِoften,ِtheِcomponentsِoverlap.ِ 

Forِexample,ِsociodemographicِfactorsِ(classifiedِasِaxesِofِinequalityِwithinِtheِframework)ِareِ

closelyِlinked tِoِvulnerability,ِas tِheyِimpactِindividuals'ِadaptiveِcapacityِandِexposure.ِAsِsuch,ِ

theِeffectِofِsociodemographicِvariablesِonِhealthِrisksِisِtwofold:ِoneِthroughِtheirِrelationshipِ

withِvulnerabilityِandِanotherِthroughِtheirِrelationshipِwithِtheِaxisِofِinequality.ِ  

Placingِtheِfindingsِwithinِtheِconceptualِframework,ِweِseeِthatِrace,ِasِanِaxisِofِinequality,ِ

contributesِtoِhealthِrisks,ِsuchِasِheatwaves,ِthroughِculturalِandِpoliticalِadaptationِratherِthanِ

physiologicalِadaptation,ِasِraceِdoesِnotِdirectlyِimpactِphysiologicalِprocesses.ِWeِalsoِknowِ

fromِtheِliteratureِthatِtheseِsociodemographicِvariablesِareِassociatedِwithِvulnerabilityِandِanِ

individual'sِcapacityِtoِadaptِtoِheat.ِTherefore,ِthroughِourِframeworkِandِfindings,ِweِcanِseeِ

theِimportanceِofِsociodemographicِfactorsِinِtheِcontextِofِheatِadaptation,ِasِtheyِareِrelatedِ

toِbothِvulnerabilityِandِhealthِrisks. 

Accordingly,ِtheِframeworkِindicatesِhowِrace,ِinِtheِcontextِofِGauteng,ِisِaِcriticalِfactorِtoِ

considerِinِunderstandingِadaptationِtoِheatِinِtheِcontextِofِclimateِchange.ِItِmust,ِtherefore,ِ

beِgivenِdueِattentionِthroughِpoliticalِandِculturalِadaptationِatِbothِindividualِandِsocialِlevels.   

CulturalِadaptationِcanِbeِencouragedِthroughِtheِuseِofِHeatِHealthِWarningِSystems,ِwhichِ

canِaddressِbehaviouralِandِtechnicalِchangesِinِAfricanِcommunitiesِtoِincreaseِtheirِheatِriskِ

perception.ِ Thisِ adaptationِ measureِ aimsِ toِ raiseِ awarenessِ andِ encourageِ individualsِ toِ

undertakeِ health-seekingِ behaviourِ (McGregorِ etِ al.,ِ 2015).ِ Accordingly,ِ theِ stateِ shouldِ
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implementِHHWSِinِareasِandِlanguagesِthatِwillِreachِtheِAfricanِpopulation.ِDoingِsoِhasِtheِ

potentialِtoِincreaseِheatِriskِperceptionِandِreduceِvulnerability.ِ 

Itِwouldِalsoِbeِhelpfulِtoِaddressِtheِcurrentِbarriersِpreventingِculturalِadaptations.ِThisِcanِbeِ

achievedِthroughِpoliticalِadaptation,ِasِoutlinedِinِtheِframework.ِTheِbarriersِareِmostِlikelyِ

thoseِcreatedِbyِspatialِdisparityِandِapartheidِplanning.ِAddressingِthisِspatialِdisparityِwouldِ

requireِ theِ stateِ toِ implementِ policiesِwhichِ addressِ spatialِ inequality.ِOneِ suchِmechanismِ

couldِbeِaddressingِUHIِeffectsِbyِincreasingِtheِuseِofِUGIِinِpublicِspacesِthatِareِstillِmainlyِ

occupiedِbyِindividualsِofِAfricanِethnicitiesِ(Manwareِetِal.,ِ2022).ِThisِisِespeciallyِimportantِ

forِregionsِsuchِasِ JohannesburgِandِEkurhuleni,ِwhereِthereِareِ lowِgreenِcarbonِ levelsِandِ

highِpopulationِdensities.ِ 

Theِstateِshouldِalsoِrealiseِtheِeffectsِthatِourِhistoryِofِeconomic,ِpoliticalِandِsocialِexclusionِ

isِhavingِonِvulnerabilityِtoِheat.ِAsِsuch,ِtheِstateِcanِimplementِpoliciesِthatِindirectlyِreduceِ

vulnerabilityِtoِheatِandِensureِmoreِequitableِadaptation.ِTheseِindirectِpoliciesِaimِtoِaddressِ

economic,ِpolitical,ِandِsocialِexclusion.ِPoliciesِofِthisِnatureِwillِhaveِtheِeffectِofِincreasingِ

accessِtoِresourcesِforِAfricans,ِwhichِcouldِincreaseِtheirِheatِriskِperceptionِandِtheirِadaptiveِ

capacity.ِِ 

5.5. Limitations and Recommendations 

Ourِ studyِwasِ limitedِ byِ theِ sociodemographicِ variablesِ selectedِ byِ theِGCROِ forِ theِQoLِ

survey.ِ Fromِ theِ pseudo-R-squaredِ valuesِ inِ ourِ regressions,ِ itِ appearsِ thatِ otherِ factorsِ areِ

contributingِ toِ individualِ heatِ riskِ perception.ِ Futureِ studiesِ shouldِ expandِ theِ scopeِ ofِ

sociodemographicِcharacteristicsِandِidentifyِvariablesِbeyondِraceِthatِmayِrelateِtoِheatِriskِ

perceptionِinِGauteng.ِVariablesِleftِoutِofِthisِresearchِbutِprevalentِinِotherِstudiesِare:ِaccessِ

toِservices,ِtheِuseِofِairِconditioningِandِaccessِtoِinformation.ِ 

ThereِareِalsoِnoِenvironmentalِvariablesِorِfactorsِincludedِinِtheِGCROِdata.ِThatِmeansِitِisِ

notِpossibleِtoِcorrelateِhowِenvironmentalِ factorsِsuchِasِtemperatureِmayِ interactِwithِ heatِ

riskِperceptionِorِtheِsociodemographicِvariables.ِ 

Furtherِstudiesِcouldِalsoِextendِtheِscopeِofِthisِresearchِtoِinvestigateِhowِheatِriskِperceptionِ

andِsociodemographicِvariablesِinfluenceِadaptiveِbehaviour.ِThisِresearchِdidِnotِhaveِaccessِ

toِdataِonِadaptiveِbehaviour.ِHowever,ِitِisِaِcrucialِelementِinِunderstandingِheatِvulnerability.ِ

Furtherِstudiesِcanِalsoِinvestigateِhowِtheِrelationshipِbetweenِvariablesِinِtheseِfindingsِmayِ
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varyِ inِ otherِ locationsِ inِ Southِ Africa.ِ Thereِ isِ alsoِ roomِ toِ increaseِ theِ numberِ ofِ

sociodemographicِvariablesِusedِinِtheِanalysis.ِ 

OtherِlimitationsِincludeِtheِfactِthatِdataِobtainedِbyِtheِGCROِQoLِisِself-reported,ِandِthereِ

mayِbeِdiscrepanciesِinِhowِindividualsِrecallِandِrememberِtheirِexperiences.ِThereِmayِalsoِ

beِdiscrepanciesِ inِtheِwaysِ individualsِunderstandِtheِquestionsِbeingِasked.ِThereِmayِalsoِ

haveِ beenِ socialِ barriers,ِ suchِ asِ participantsِ fabricatingِ responsesِ outِ ofِ concernِ forِ

embarrassment. 

Despiteِ theseِ limitations,ِourِ resultsِ suggestِ thatِ theِ findingsِofِ thisِ studyِstillِ underscoreِtheِ

needِforِgreaterِemphasisِonِaddressingِracialِinequalityِinِGauteng.ِThisِisِdue tِo tِheِrelationshipِ

betweenِracialِinequalityِandِheatِriskِperception,ِasِwellِasِitsِcontributionِtoِheatِvulnerability.ِ

Ifِthisِissueِisِnotِaddressed,ِitِmayِcontinueِtoِperpetuateِtheِ‘viciousِcycle’ِ thatِclimateِchangeِ

canِhaveِonِinequality.ِ 

Therefore,ِitِisِrecommendedِthatِpoliciesِbeِimplemented tِoِdirectlyِincreaseِheat rِiskِperceptionِ

throughِHeatِHealthِWarningِSystemsِtargetedِatِAfricanِcommunities.ِItِisِalsoِrecommendedِ

thatِindirectِpoliciesِbeِimplementedِtoِaddressِbothِspatialِandِracialِdisparities.ِTheseِindirectِ

policiesِaimِtoِincreaseِaccessِtoِresources,ِtherebyِenhancingِadaptiveِcapacityِandِmitigatingِ

theِadverseِeffectsِofِUHI,ِultimatelyِreducingِexposure.ِTheseِcanِbothِdecreaseِvulnerabilityِ

andِincreaseِheatِriskِperception.ِTheِrealitiesِofِspatialِandِracialِinequalityِinِGautengِshouldِ

guideِtheseِpolicies. 

  



51 

 

6. Conclusion 

Developingِ countries,ِ suchِ asِ SouthِAfrica,ِ areِ expectedِ toِ beِ disproportionatelyِ affectedِ byِ

climateِchangeِcomparedِtoِdevelopedِcountries.ِWe,ِtherefore,ِhaveِfewerِstateِresources tِoِraiseِ

awarenessِandِ implementِdifferentِadaptationِandِmitigationِmeasures.ِThis,ِcoupledِwithِourِ

highِ povertyِ andِ inequality,ِ makesِ theِ SouthِAfricanِ populationِ especiallyِ vulnerableِ toِ theِ

impactsِofِheat. 

Theseِfindingsِshowِthatِsomeِofِtheِmoreِvulnerableِpopulationsِhaveِveryِlowِreportingِofِtheِ

impactsِofِheatwaves.ِThisِisِconcerningِbecauseِreportingِimpactsِofِaِheatwaveِ indicatesِthatِ

anِ individualِ hasِ bothِ experiencedِ heatِ andِ interpretedِ itsِ effectsِ asِ potentiallyِ dangerousِ orِ

harmful.ِTherefore,ِtheِlowِreportingِrateِofِvulnerableِgroupsِisِaِsignِthatِtheyِhaveِlowerِheatِ

riskِperception.ِWhatِisِmostِalarmingِaboutِtheseِfindingsِisِthatِtheyِrevealِtheِmostِsignificantِ

sourceِofِ inequalityِ inِperceptionsِofِheatِtoِbeِrace,ِprovingِthatِtheِscarsِofِourِpastِremainِ

ever-present. 

Therefore,ِtheseِfindingsِshouldِinformِadaptationِpoliciesِthatِaddressِnotِonlyِtheِissuesِrelatedِ

toِheatِbutِalsoِtheِracialِdisparitiesِ inِheatِvulnerability.ِCurrentِpoliciesِareِsilentِonِplansِtoِ

reduceِ heatِ riskِ perception,ِ andِ byِ understandingِ howِ racialِ disparitiesِ mayِ affectِ heatِ

vulnerability,ِstrategiesِandِpoliciesِthatِseekِtoِimplementِadaptationِmeasuresِinِGautengِcanِ

beِmoreِtargetedِandِaccordinglyِprovideِmeaningfulِprotectionِandِequitableِreliefِtoِvulnerableِ

populationِgroups.ِ 

Theِgovernmentِneedsِtoِtackleِsomeِunderlyingِissuesِlikeِspatialِinequalityِandِunequalِaccessِ

toِpublicِservices.ِTheseِissuesِthatِstemِfromِaِhistoryِofِunequalِtreatmentِbeforeِtheِlawِhaveِ

greatِpotentialِtoِincreaseِclimateِvulnerability,ِspecificallyِinِtheِcontextِofِheatِinِGauteng.ِTheِ

currentِpoliciesِthatِexistِinِeachِregionِneedِtoِbeِupdatedِtoِincludeِtheseِaspectsِofِinequalityِ

andِensureِthatِtheِmostِvulnerableِareِnotِleftِbehind.ِ 

ِAdaptationِ planningِ shouldn’tِ justِ focusِ onِ technicalِ fixes;ِ itِ shouldِ activelyِ involveِ theِ

communities,ِdirectِfundsِtoِtheِareasِatِtheِhighestِrisk,ِandِincludeِ historicِinequalitiesِwhenِ

evaluatingِpolicies.ِIfِtheyِdon’tِtakeِtheseِsteps,ِtheirِadaptationِeffortsِmightِendِupِmakingِtheِ

existingِinequalitiesِevenِworseِinsteadِofِhelpingِtoِsolveِthem. 

Thisِ requiresِ aِmultidimensionalِ approachِ becauseِ theِ racialِ disparityِ inِSouthِAfricaِ affectsِ

variousِ aspectsِ ofِ heatِ andِ healthِ adaptation.ِ Therefore,ِ policiesِ shouldِ beِ implementedِ thatِ

recogniseِ theِvariousِwaysِ inِwhichِ raceِ influencesِ vulnerabilityِ toِheatِ riskِperception,ِbothِ
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directlyِandِindirectly.ِSuchِpoliciesِmustِrecogniseِtheِunderlyingِsourcesِofِheatِvulnerabilityِ

amongِtheِAfricanِpopulation,ِincludingِbothِspatialِinequalityِandِaِlackِofِaccessِtoِresources.ِ  
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