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ABSTRACT

Duringthelastfewdecades,climatechangehasincreasedairpollutantconcentrationswithadirect
andseriouseffectonpopulationhealthinurbanareas.Thisresearchintroducesahybridcomputational
intelligenceapproach,employingunsupervisedmachinelearning(UML),inanefforttomodelthe
impactofextremeairpollutantsoncardiovascularandrespiratorydiseasesofcitizens.Thesystemis
entitledAirPollutionClimateChangeCardiovascularandRespiratory(APCCCR)anditcombinesthe
fuzzychisquaretest(FUCS)withtheUMLselforganizingmapsalgorithm.Amajorinnovationofthe
systemisthedeterminationofthedirectimpactofairpollution(oroftheindirectimpactofclimate
change)tothehealthofthepeople,inacomprehensivemannerwiththeuseoffuzzylinguistics.The
systemhasbeenappliedandtestedthoroughlywithspatiotemporaldatafortheThessalonikiurban
areafortheperiod2004-2013.
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INTRoDUCTIoN

Theincreaseofprimaryairpollutants(CO,NO,NO2,SO2)orsecondaryones(O3),hascausedserious
degradationinthequalityoflifeofurbanareas’residents.Moreover,changesintheheatingmethods
ofGreekhousesduetothefinancialcrisis,hasinfluencedtheconcentrationofParticulateMatter
(PM)inthecities.Extendedexpositionoftheurbanpopulationtohighconcentrationsofpollution,
increasethepercentagesofmorbidityandmortalityduetoCardiovascular(CARD)andRespiratory
(RES)problems.Especially,peoplewholiveinareaswithhighlevelsofairpollutionarephasingnot
onlyrisksofcardiologicalandrespiratoryproblems,buttheyarealsoriskingnarrowingthearteries
andspecificallythecarotidone.Thisfactincreasesthepossibilityofstrokeduetolowlevelsofbrain
oxygen.Patientswithseverediseasehistoryandyoungchildrenorelderpopulation(sensitivegroups)
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aremorevulnerabletoatmosphericpollution(APO)andtheyshouldavoidtransportationinthecity
duringthedayswithhighconcentrationofpollutants.

The combination of meteorological conditions and APO levels plays a major role for the
determinationofMorbidityandMortalityRiskindex(MOMORI).ThefluctuationoftheMOMORI
inanurbancenter,ismainlyinfluencedbythemeteorologicalconditionsthatfavorthedevelopment
ofsmog(CO,SO2,PMx)duringthewinterandthedevelopmentofPhotochemicalCloud(PHOC)
inthesummer(NOx,O3).Thetopographyofanarea,thehoursofthepopulation’semploymentin
externalactivitiesandthepercentofthepeoplewholivenearindustrialzonesarecrucialforthe
levelofriskestimation.

TheanalysisandcontinuousmonitoringoftheAPOlevelsaswellastimelyforecastingofthe
conditionsthatcancausehighconcentrations,resulttotheimposeofpreemptiveactionsandthus
toaneffectivemanagementoftheproblemandtotheestimationoftheimpactonrelateddiseases.

This research paper presents the Air Pollution and Climate Change Cardiovascular and 
Respiratory Modeling (APCCCR) hybrid intelligent system. APCCCR considers the effect of
atmospheric pollution parameters to Cardiovascular-Respiratory hospitalization incidents and it
determinestheinterdependenciesbetweentheminthewiderThessalonikiurbanarea.

Thesystemisdevelopedintwodiscretephases.ThefirstoneusestheUMLSelf Organizing Maps
algorithm(SOM)toclusterthevaluesoftheinvolvedfeaturesandtodeterminethemeteorological
valuesthatdirectlyaffectthepollutants’concentrationswhichhaveaseriouseffectontheconsidered
diseases.ThesecondphaseusestheFuzzyChi-SquareTest(FUCS)todeterminetheinterdependency
betweentheparametersinarationalandcomprehensivemodebyusingproperLinguistics.Thisis
achievedbyfuzzifyingtheP-ValueoftheChi-Squaretest.ThisprocessproducesLinguisticsthat
expressLow,MediumorHighdependencybyemployingfuzzyMembershipfunctions(FMF).

TheFUCSapplicationisperformedforeachclusterinordertodeterminewhichatmospheric
parametersdeterminethelevelofthehospitaltreatmentincidentsintheprefectureofThessaloniki.
ThetestingoftheAPCCCRwasbasedonacomparativeperformanceanalysisbetweenfourUML
algorithms namely: Self-Organizing Maps, Expectation Maximization, Sequential Information
Bottleneck,andSimpleK-Means.

Wideuseofthisapproachcanenforcethemechanismsofcivilprotectionauthoritybyacting
asameansofwarningthepublichospitalsregardingthedaysofbadmeteorologicalconditionsthat
favorhighpollutants’concentrations.

Literature Review-Related work
Tothebestofourknowledge,theSequentialInformationBottleneckalgorithmhasnotbeenusedin
modelingandassessmentofenvironmentalrisks.TheExpectationMaximizationalgorithm,Self-
OrganizingMapsandSimplek-Meanshavebeenusedfortheclassificationofmeteorologicaland
airqualitydata.Thefollowinglinespresentsomecasesofclassificationmetintheliterature.

(Hernawati,Insani,Bambang,NurHadi,&Sahid,2017)usedanunsupervisedSOMapproach.
Theyconsidereddatarelateddirectlyorindirectlytopollution(e.g.demographicandsocialdata,
airpollutionwaterandsoilpollutionlevels)aswellasthegeographicalsituationofeachprovince.

(Štrbová, Štrba, Raclavská, & Bilek, 2018) used SOM to find association between PM
concentrations,elevation,selectedmeteorologicalvariables,andGPSlocationcoordinates.

(Cortina-Januchs,Quintanilla-Dominguez,Andina,&Vega-Corona,2012)usedaMultilayer
PerceptronNeuralNetwork(MPNN)tomakethepredictionofpollutantconcentrationsforthenext
hour.AdatabaseusedtotraintheANNbasedonhistoricaltimeseriesofmeteorologicalvariables
andairpollutantconcentrationsofSO2.Beforetheprediction,FuzzyC-Means(FCM)andk-Means
Clustering (k-MC) algorithms were employed in order to find relationship among pollutant and
meteorologicalvariables.

TheEM,SOMandSKMAlgorithmshavebeenusedintheliteraturetoclusterandcorrelatethe
cardiovascularandrespiratory(CARE)healthproblemswithairpollution.
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