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ABSTRACT

Theconstantdevelopmentofwaterproofnon-naturalsurfacesinurbanareasdueto

populationstresshasconsiderablyinfluencedthethermalenvironmentofurban

centres.Thisresearchprojectexaminedtheinfluenceofurbanization(asmeasuredby

populationdensity)onmaximumandminimumtemperatureoverMombasacity.The

abovewasachievedbyexaminingmonthlymaximumandminimumtemperaturedata

obtainedfrom KenyaMeteorologicalDepartment(KMD)fortheperiod1989to2009

andpopulationcensusdatafromKenyaNationalBureauofStandards(KNBS)for1979,

1989,1999and2009censusperiods.Thecityexperienceddrasticdevelopment

changesduetoaugmentedpopulationduringthisperiod.

Fordataqualitycontrol,singlemasscurvewasusedwhiletrendanalysisand

coefficientofvariabilitywereusedtorealizethespecificobjectivesofthestudy.

Seasonalanalysisoftemperaturerevealedtwoseasons;hotseason(DecembertoApril)

andcoldseason(MaytoNovember).Nevertheless,inter-annualvariabilityofboth

maximum andminimum temperaturedemonstratedapositivesignificanttrendfrom

theyear1989 to 2009.Thiswasattributableto urbanization associated with

demographicpressure.Moreover,theurban-ruralcomparison ofmaximum and

minimumtemperaturebetweenMombasa(highlyurbanized)andVoiarea(suburban)

revealedthatMombasaexperienceshigherminimumtemperatureduringcoldseason.

Correlation analyses indicated thatthe urban temperature in Mombasa was

significantlypositivelycorrelatedwithpopulationdensity.Fortheentireperiodofstudy,

minimumtemperatureincreasedby0.48ocperdecadeandmaximumtemperatureby

0.50ocperdecade.Theendresultsshowedastrongconfirmationoftheinfluencesof

urbanizationasmeasuredbypopulationdensityontheurbanairtemperatureof

Mombasacity.
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CHAPTERONE:INTRODUCTION

1.0.INTRODUCTION

Consideringthebackgroundofrapidurbanization,thepopulationlivinginurbancentres

isprojectedtobearound5billionbytheyear2030(Ashetal,2008).Numerous

alterationoflandsurfacewillariseastheincreasingnumberofpeopletravelintourban

centres.Modificationoflandwillgenerateclimatechangeinurbanareas.Thereisa

remarkableexperiencewithclimatesinurbanthattheairtemperatureofurbanareain

comparisonwiththeirneighbouringruralareasisdissimilar.Thedifferencein

temperatureisreferredtoastheurbanheatisland(Oke,1982).UrbanHeatIslandcan

considerablyinfluencethelivingformsofhumansandalsoamplifyatmospheric

effluenceaswellastheconsumptionofenergy.Theincreasedrateofurbanization,for

instancepopulationdensityandincreasedimpermeablesurfaces,wouldenhancethe

UHI.

Severalstudieshavebeenfocusedontheimplicationoftheurbanstructureonthe

urbanclimate.Urbanstructure,anexpressionwhichreferstothedesignandplanifa

built-upareawhichaffectstheecologicalandthequalityofanenvironmentthrough

fragmentationandcompositionofpatternsofland,wateruseaswellasconsumption

ofenergyandtheflowofair(Liuetal,2012).Oke1973determinedthatthesizeofan

urbanisoneofthemainaspectsinthedevelopmentofUrbanHeat.Reductionininertia

ofthermalenergyandtheindexofvegetationasaresultoflandinvasionhampers

evaporationsubsequentlylesseningthelossoflatentheatintotheatmosphere

(Kondoh,2000).Thereductionofwindflow velocitycoupledwiththeskyview

parameters,moreanthropogenicreleaseofheat,enhancedenergyutilizationand

cloggingoftransportnetworksasaresultofurbangrowthwillhelpaggravatethe

effectsofUHI.

Nevertheless,theurbanswellingisanunavoidabletrendinregardtotheruralpeople

movingintometropolitanregions.“High-qualityurbanstructure”wouldhelpmitigate

theworseningenvironmentinmetropolitanareas(Breheny,1992).Theenhancedurban

sizeinconsiderationtotheirlandusageandthedensityofpopulationhasincreased
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adverseimpactontheenvironment.Forthelasttwodecades,fastchangesin

technologyandthemigrationofruralpopulationtourbanareashavebroughtaboutthe

transformationoflocalnaturalenvironmentbeyondrecognitionandhenceglobal

naturalenvironmentisatathreat.Themajorityofpeoplearguethatthelocationand

drasticchangesincommercialactivitiesmorespecificallyinmegacitieshavecreated

oneofthemostvisualeffectsinurbanenvironment(Tamagnoetal,1990).

Forseveralthirdworldcountries,urbanareasareinthevergeofgrowthandhigher

chunkoflandisbeingtransformedtocaterforurbanutilization,swappingfarmlands,

grasslandsandwoodlands.Asaconsequence,uniqueandmoreoftenunlikeable

climatic states are experienced by severalurban dwellers on earth presently

(Shaharuddin,1997).Theurbansettlementsprovideoneofthebestvisualisationsof

perceptions and human activities.Residentialareas are constantlyundergoing

modificationanddevelopmentsintoareathatweretobeofficiallyoccupiedbynatural

vegetationandagriculture.Residentiallandwasreclaimedorwillbereclaimedfrom

waterifhumanneedforlandusageishighenough.Bytheyear1950,about30percent

ofglobalpopulationresidedinbuilt-upareas(Streuker,2003).Thatfigureiscurrently

approaching50percentastheexistingpopulationinurbanareasisroughlyat3billion

persons(Streuker,2003).Intheyear2030,thepopulationintheworldisanticipatedto

increasetoaround2billionandisanticipatedtotakeplaceinurbanregions(Streuker,

2003)

Theincreasedcapacityofhumanstoacquiresettlementresultsinadversechangesin

environmentonglobalscale,aneventinwhichpopulationinurbanmakesavital

contribution.Themodificationoftheatmosphereduetourbangrowthhasbeenon

severaloccasionsbeenillustrated.Sham,1987statedthatclimatically,singleapparent

effecturbangrowthisthecreationofurbanheatisland.Streuker,2003centredonone

primecauseofurbangrowthonclimateaswellasweatherconditions,theUHI;his

studyalsoestablishedthaturbanairtemperatureisanchoredonthedensityof

population.

Numerousparametersresultintemperaturevariationbetweenbuilt-upandrural

regions,rangingfromtopographyalterationtovariationsintheheatpropertiesofupper

materialsofthesurfaceandhumanactivitiesinurbanareas.Largeurbanareashave

beenrevealedtomodifyphysicallytheirclimatestoformsofenhancedtemperaturesin
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relationtotheneighbouringruralareas(Brian,2001).Thetemperatureeffectofan

urbanareaisnotrestrictedtothehorizontalbutalsototheverticalwithsevere

implications.Severalstudieshaverevealedthattheinfluenceonthermalheatofalarge

urbanareaordinarilygoesbeyond200m(Sham,1993).

Urbanizationlevelisshownindifferentcountriesvariesandmaybevisualized

accordingtospecificwayswhichmaycomprisesomeoranyofthefollowingcriteria

(Sham,1993).

a)Thesizeoftheconcentrationofpeople

b)Thepracticeofpeoplemigratingtocitiesmergesintourbanlife

c)Thepracticeinwhichthecivilizationspreadtoruralareas

d)Themajorformofaneconomicgrowth

e)Expansionofurbanregionsandurbanfeatureslikefacilitiesandotherspecified

services

f)Thepracticeofpopulationresidinginanareaincreasing

Oftheabovedefinitions,lastoneisthemostpreferable.Hence,fortherestrictions

andrationaleofthisresearch,lastdefinitionwasutilizedinmeasuringanddetermining

theintensityofurbandevelopment.Therefore,urbanizationlevelmainlydependsonthe

populationdensity.

1.2.PROBLEMSTATEMENT

Therapidurbangrowthleadstoaccumulatednegativeimpactsinformofpollutants,

wasteheatgeneration,diseasesandstrainonwater.Amplifiedurbantemperaturecan

influencehumanhealthandenergyutilization,andmayalsoleadtomoresevere

problemsintheperspectiveofglobalwarming.Hence,itisimportantforurban

plannersanddesignerstomasterthenatureoftheclimatedifferencetrendsinurban

areastofurnishthem inplanningcomfortableandsustainableurbanareasthus

reducingtheunfavourableeffects.Thisresearchprojectwasaimedat“assessingthe

influenceofurbanizationonmeanmonthlyminimum andmaximum temperaturein

Mombasacity.
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1.3.OBJECTIVES

Thegeneralobjectiveofthisresearchwastoassesstheinfluenceofurbanizationon

maximumandminimumtemperatureoverMombasacity.

Toassistinrealizingtheaboveoverallobjective,thefollowingspecificobjectiveswere

undertaken

I. Examinethelevelofurbanizationintermsofpopulationdensity.

II. Determinethetrendofmeanmonthlymaximumandminimumtemperatureover

Mombasacityfortheperiod1989-2009.

III. Assesstheinfluenceofurbanizationonurbanmicro-climateofMombasacity.

1.4.SIGNIFICANCEOFTHESTUDY

Mombasacityplaysanimportantasignificantroleintheeconomicdevelopmentofthe

coastregionandfortheentireEastAfricaespeciallyasthemainentryportforimported

goods.Hence,thecityattractslotsofpeoplewhointurnincreasetherateof

urbanization.Thealterationofthenaturalsurface,releaseofartificialenergyand

pollutantsintotheatmosphereoverthecityalterstheenergyequilibriumandradiation.

Thisasaresultproducesanunusuallocalclimatereferredtoastheurbanheatisland.

Fortherationaleofexhaustivelyunderstandingtheimpactofurbanmicro-climateon

environment,decisionmakingandhumanbeings,itiscrucialtosystematicallylearn

thespatial-temporaltendencyofurbanenvironment.Therefore,thisresearchworkwill

befundamentaltourbandesignersandplannersineasingurbanheatbyemploying

urbanplanningstrategiesthatwillbeaimedatsteeringlandusechangesand

assigningnewareasforcommercial,residentialandrecoveryofvegetation.Therefore,

anevaluationofurbanplanningmechanicswithregardtotheimplicationsofurban
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thermalenvironmentregulationisvaluabletofurtherincorporatethem intospatial

planning.

1.5.JUSTIFICATION

Consideringincreasedanthropogenicactivitieslinkedtohumanpopulationinurban

areas,anenvironmentalcrisisofhightemperaturehasbeenontherise.Thishas

resultedintovariationoflandsurface,energyuseandconsequentcreationofwaste

heat.Hence,thisatteststobeuntenablefactorthatleadstounwarrantedenergyuse

forcoolingandleavestheurbandwellersatabiggerriskofincreasedmortality.In

accordancetotheaboveperspectiveandinviewthatrapidandmassivepopulation

growthisanticipatedinfuture,itbecomesprogressivelymoresignificanttoapply

appropriateurbantemperaturealleviationstrategiesinbidtoreduceenergyutilization

andimprovethequalityoflifeinurbanareas.Therefore,thisresearchprojectreport

abouturbanizationinfluenceonmaximumandminimumtemperaturecouldbevitalin

alleviatingurbanthermalenvironmentandplanningthatfocusesonuseoflandby

assigningnewareasforcommercialandresidentialaswellasrecoveryofvegetation.

Thelandutilizationchangeswillinescapablyredesignurbanstructurewhichwillinturn

modifyurbanthermalsetting.Consequentlyanassessmentofurbanplanningways

withregardtoimplicationsonurbanthermalenvironmentisusefulwhenincorporated

furtherintospatialplanning.
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CHAPTERTWO:LITERATUREREVIEW

2.0.LITERATURE

Mostofthemegacitiesarebasisofpollution;wasteheatandthermalconstitutionof

theatmosphereabove.AnUHIcanbesuperlativelyvisualisedasanenclosedspaceof

dormantwarmatmosphereabovemajorcities(Emmanuel,2005).Latentheatabsorbed

atdaytimebyroadsaswellasconcreteconstructionsinurbanareasisirradiatedat

sundown,generating high contrastin temperature between the urban and its

neighbouringruralareas(Asimakopoulosetal,2001).Theexactrangeandstructureof

thisoccurrencedifferintemporalandspecialformduetothelocal,urbanandweather

features(Oke,1987).HencethemorphologyofUHIcanbesignificantlyinfluencedasa

result of exclusive features of each urban and land use.

Figure1:UrbanHeatIslandProfile(WorldAtlas,2009)

Oke,1987statedfrom figure1thatforbigcitieswithclearskyandslow winds

immediatelyatsunset,boundariesbetweentheurbanandtheadjacentruralarea

displaysasharpdifferenceintemperaturewhiletherestoftheurbanappearstobe

warmerwithstablebutlesshorizontaldifferenceintemperatureasyoumovecloseto

themiddleofthecity.TheintensityofUHIismainlydeterminedbythermalequilibrium

in the urban and could create variation in temperature ofabout10 degrees
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(Asimakopoulosetal,2001).TheUHIoccurrencemaytranspireduringthenighttimeor

duringthedaytime.

Atpresent,severalmegacitiesareapproximately2degreeswarmercomparedtotheir

neighbouringruralareas whiledenseresidentialandcommercialareasare5to7

degreeshotter(Bonan,2002).Severalkeyfactorsinfluenceriseintemperatureofcities

andcontributesalottodevelopmentofurbanheat.UHIiscausedbyseveraldifferent

parameterswhichcabegroupedintotwocategories;(1)parametersofmeteorological

innature.i.e.humidity,cloudcoverandflowofwind;(2)factorsrelatedtourban

structure.i.e.geometryofthesurface,ventilation,heatpropertiesiffabricsandwater

surfaceproofingandmanymore.AccordingtothestudybyLandesberg,1981,UHI

materializesineachcityandtownaswellasbeingoneoftheapparentvisualizationof

urbangrowth.Itisclearthaturbantemperaturebadlyaffectselectricityusagefor

coolinginpremisesandalsoenhancesgenerationofsmogandincreasereleaseof

effluentsfromindustriesincludingcarbonmonoxide,oxidesofnitrogenandsulphur(IV)

oxide.

ThestudybyKarletal,1988showedtheassociationbetweenclimateandurbanization

inferringthaturbanizationhasaffectedclimatedocumentationsinUSAinsmalltowns.

Thestudyemployedtwomethodsitsanalysisutilizingmeanmonthlyminimum,

maximumaswellas1219meteorologicalstations.Historicalurbanizationclimatology

networkforthe20thcenturyrevealedthatnighttimeoccurrencewaspredominantand

wasinsignificantforthemaximatemperaturebutnoteworthyforthedailyminima,

meanandtherange,totallingto0.06degrees(mean),0.13degrees(minima)and-0.14

degrees(daily).ThestudybyChenetal2003focusedonthemonthlytemperaturefor

16meteorologicalstationsinShanghaifortheperiod1961to1997intheurbanand

neighbouringregions.

Theoutcomeofthestudyshowedthattheregionexperiencesfeaturesofheatisland

andashavingtemperaturevariationsbetweentheurbanandthesurroundingrural

stationsincreasingsteadilyduringsummerby0.7degreesfortwodecadefrom1975.

Shanghaimaybeconsideredtobealargeheatislandincomparisontothe

neighbouringruralareaswitha0.6degreesdifferenceintemperature.TheUHIimpact

wasrelativelyweakfortheperiodof1968-1977andamplifiedspeedilyfortheperiod

1978to1987.Thephenomenonwasverystrongduringtheperiod1988to1997a1
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degreeexcessairtemperature.UHIcouldbelinkedtoincreasedutilizationofenergy

economicexpansionofthecityasaresultofpopulationgrowth.

ThestudybyMohanetal2013employedmicro-meteorologicalstationsinexamining

theUHIofDelhiforaonemonthperiodin2013.Thefindingsofthestudyshowedthat

UHIcouldbecategorisedintothreewaysbasedonlandsurfacecover;highUHIwhich

isprimarilywithincrowdedaswellascommercialareas;medium UHIexhibitedin

medium andlesscrowdedurbanregionsandlowUHInoticedinopengreenareas.

CrowdedandhighlycommercialisedareasshowedelevatedUHathourlymaximaof

10.7degreeswithanaverageofabout8.3degreesdaily,figuresthatarecomparable

withmaximaandmeanUHdegreesofmegacitieslikeLondonandNewYork.

Goldreich,1992examinedUHIinJohannesburgwithdatasourcedusingexhaustive

movableunitcapableofmeasuringdrybulbaswellaswettemperatureatmiddayand

closetosunrisefortheperiod1966to1967.ThefindingsrevealedhumidityandUHI

wasstrongduringhighinversioncodnightsatthemiddleofthecity.Theyillustrated

thaturbanizationhasimpactedtheUHIforJohannesburgfortheperiod1960to1990

andthecurrentwarmingtrendmaybeattributedtothedevelopmentofthecityandnot

prevalentregionalriseintemperature.

ShisanyaandMakokhascrutinizedUHIinthecityofNairobi.Theirresultsshowedthat

warm conditionswerenoticedatdaytimewhilecoolingwasexperiencedatnight.

Furthermore,warmingrateandcoolingratewerelinkedtotheyearlyseasonsandthe

prevailingconditionsaroundtheweatherstations.Therateofcoolingwasprevalent

onehourbeforetothreehoursaftersundownwhilewarmingwashighfor5-9hours

beforenightfall.Theprevalentwarmingrateandcoolingrateweremorepronouncedfor

thedryhotperiodofFebruarytoMarchwhilethelowestwasduringJulytoAugustcool

dryperiod.Forthehotanddryperiod,elevatedwarmingandcoolingwerelinkedtothe

growthofsevereUHIinNairobi.

Opijahetal.2008examinedthecontributionofanthropogenicheattotheheatbudget

forthecityofNairobi.Thestudymeasuredthewasteheatdischargedfromartificial

suppliesconsisting ofindustrial,road transport,commercial,metabolicheating

activitiesanddomestic.Thestudyalsoconsideredtheenergydegreeofagivenactivity

andtheintensityoftheactivity,consideringbio-fuels,humanmetabolismandelectrical

energyconsumption.
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ThestudyestablishedthatdevelopmentandgrowthofNairobicitywithrespecttothe

economic,demographic,industrial,builtenvironmentandinfrastructuralstructures,

favouredanenhanceddemandforanthropogenicenergyresources,whichinturn

amplifythewasteheatreleasedintotheatmosphere.Theestablishedimplicationwas

thatthisheatwouldconsiderablyaltertheheatstabilityofthestudylocaleinfuture

particularlyduringthe“cool-dry”season.Anthropogenicheatingisalsolikelyto

exacerbatethetemperatureincreaseoverthecityduetoglobalwarminginfuture.

Ndoloetal,2018consideredtheinfluenceofurbanizationonminimum aswellas

maximumtemperaturefeatureoverNairobicity.Meanmonthlyandmaximumrecords

from4land-basedweatherstations(WilsonAirport,DagorettiCorner,JomoKenyatta

InternationalAirportandMoiAirBase)from 1961to2007wereutilized.Spatial

analysisoftemperatureacrossthecityshowedasignificantpositivetrendwhichwas

ascribedtourbanizationinfluence.Theanalysesalsoestablishedthatincreasing

minimumtemperaturepatternsinthecitywasnon-uniformduetothedifferentratesof

populationdynamicsandlocalurbanization.

Insummary,thetendencyofincreasingtemperaturesrequiresseriouscontemplations

inplanningofclimateresponsiveurbanservicesforhastilyexpandingcities.Increasing

temperaturesmaynotnecessarilybedueglobalscaleclimatewarming,butcouldbean

expressionofthelocalscalesignalofmicro-climatewarmingduetoincreased

urbanizationandtheassociatedincreaseinenergyutilization,changesinlandcover

andlandusemainlyattributedwithremovalofvegetationanditsreplacementwith

imperviousconstructions.Therefore,thereisaneedtoexhaustivelycarryoutintense

analysisofurbanheatimplicationsontemperaturesasaresultofurbanization.
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CHAPTERTHREE:DATAANDMETHODOLOGY

3.0.STUDYAREA

ThecountyofMombasa isamongstthe47 countiesofKenya.Thecountyhasa

populationofabout939,370people(Census,2009).Previouslyitwasoneofthe

former districtsofKenya butintheyear2013itupgradedintocountystatus,basedon

thepreviousdistrictboundaries.ItisconsideredtheleastcountyinKenya,having

approximateareacoverageof219km2 exclusiveof65squarekilometresofwatermass.

Mombasaislocatedinthesoutheasternoftheformerprovinceofthecoast.The

countyneighboursKilifitothenorth,theIndianOceantotheeastandthecountyof

Kwaletothesouthwest.Basedonlocalboundaries,thecountyisalienatedinto7

divisions,18locationsand30sub-locations.Mombasahasanelevationof50mabove

meanseelevelandliesbetweenlatitudes3o 56’and4o 10’southofequatorand

longitudes39o34’and39o46’east.
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Figure2:MombasaCountymaplatitudes3o56’and4o10’southofequatorand
longitudes39o34’and39o46’east(CRA,2011)

3.1.DATA

ThedataforpopulationdensityforthecityofMombasawassourcedfrom Kenyan

governmentresourcesmorespecifically,theKenyaNationalBureauofStatistics.In

situmeanmonthlyminimum andmaximum temperaturedatawereobtainedfrom

KenyaMeteorologicalDepartmentfortheperiod1989to2009fortwoweatherstations;

MoiInternationalAirportandMtwapaAgrometeorological.



12

3.1.1.Estimationofmissingdata

Missingmeanmonthlymaximumandminimumtemperaturedatawereapproximated

usingtheArithmeticmeanmethodrepresentedbyequation1.

= Equation1T
A

1

n
∑n
i=1
X
i

Where,TAismeantemperatureinamonth;n=thenumberofdaysinamonth;Xiis

dailyvaluesoftemperaturerecordedatthestationandiis1,2,3,4…n

3.1.2.DataQualityControl

Qualitycontrolisimperativeinordertoidentifyanydiscontinuitiesinthedatathatmay

havearosefrom man-madeinfluenceslikechangesinmethodsandobservational

schedulesandmethods,shiftingofstationsites,instrumentalchanges,andother

humanrelatedprocesses(WMO,1996).Inabidtoensurethatqualitydatahasbeen

usedforthestudy,someanalysiswasdoneonittoascertainthatitwashomogeneous

andconsistent.

3.1.3.HomogeneityTest

Thesuggestedtestforhomogeneityofthedatacomprisethesingleanddoublemass

curve,thoughthesinglemasscurvewasemployedinthisstudy.Here,accumulated

temperaturedatawereplottedagainsttime,andwhereastraightlinewasobtained,it

wasanindicationthatthedatawasconsistentandinclusive.

3.2.METHODOLOGY

1.3.2.1.Timeseriesanalysistoexaminethelevelofurbanization

Timeseriesinvolvesarrayofstatisticaldatainasequentialordere.g.inorderwithits

timeofhappening.Timeseriesanalysisisreallyanattempttoassessthebehaviourof
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agivenweatherparameterwithtime.Thesecomponentsconsistofcyclicalvariation,

trendanalysis,seasonalandrandom variations.Thecompilationofdataduringthe

investigationistakenataspecifiedtimesandthosetimesmustbethesamee.g.inthis

studythedatainvolvedmonthlymeansoftemperaturedata.

3.2.2.Trendanalysisofmonthlymeanmaximumandminimumtemperature

Thetrendisconsideredlongtermparametertheshowthedeclineordevelopmentin

timeoveragivenperiodoftime.Thetrendintimeseriesinthisresearchprojectreport

wasanalyzedbymeansofthegraphicalmethod.

1.3.2.3.Regressionandcorrelationanalysesbetweenpopulationandtemperature

Regressionandcorrelationanalyseswereperformedtoassessthestrengthoflinear

associationbetweenpopulationdensityandminimumandmaximumtemperaturesfor

MtwapaandMoiAirportstations.Linearregressionmodelwasappliedwiththeaimof

establishingthecorrelationbetweentemperatureandpopulationdensity.IfYisalinear

functionofx,thentheregressionequationisgivenby;

Y=a+bx+ε Equation2

Whereaisaconstantofproportionality,εistherandomerrorandbacoefficientofx

Correlationcoefficientwasdeterminedusingtherelation;

Equation3r
xy=

∑n
i(-x

i

̅
x)(-y

i

̅
y)

-∑n
i(xi

̅
x)2∑n

i(-y
i

̅
y)2

Whererxyisthecomputedvalueofcorrelationcoefficient,xiandyiarethedependent

andindependentvariablesrespectively.

Thestudentt-testwasusedtoinvestigatethelevelofsignificanceofthevalues.
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CHAPTERFOUR:RESULTSANDDISCUSSION

Thischapterconsistsofresultsanddiscussionbasedontheanalysisdoneinthestudy.

4.0.POPULATION

ItisevidentthatpopulationdensityinMombasa(table1)hasbeenincreasing

significantlyoverthepastyearsandthetrendisexpectedtocontinue.Populationtrend

depictsurbangrowthandisthusexpectedthattheimpactsofurbanizationonurban

climatewillbepronounced.

Table1:PopulationcensusandPopulationdensityforMombasacityfortheperiod
1979to2009

Name Status Pop.

Census

1979

Pop.

Census

1989

Pop.

Census

1999

Pop.

Census

2009

Mombasa County 341,148 461,753 665,018 939,370

Densityperkm2 1,622 2,108 3,036 4,289

Populationgrowthresultstogrowthofurbanareasanditinvolvesland-usechanges

thatareduetohumanactivities.Theseprocessesofurbandevelopmentleadtothe

constructionofroads,buildings,andincreaseintrafficthatgeneratesmicro-climateof

itsown.

4.1.TrendofMeanMonthlyMaximumandMinimumTemperatureoverMombasafor

theperiod1989To2009

3. 4.1.1.Missingdata

ThefewmissingdatainthestationwerefilledusingtheLongTerm Meanwhichis

basedonthearithmeticmeanmethod.
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1. 4.1.2.Testfordatahomogeneity

Totestifthedataishomogeneous,singlemasscurveswereplotted.Thisrequired

plottingcumulativetemperaturerecordsagainsttime.Astraightlinegraphindicates

thatdata is homogeneous while non-homogeneous is indicated bysignificant

departuresofsomedatapointsfromthestraightline.Itwasobservedfromthesingle

masscurves(Figures3and4)thatthestationshadhomogeneoustemperaturedata.

Figure3:Maximum andminimum temperature(oc)homogeneitytestforMtwapa

station
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Figure4:Minimum andmaximum temperature(oc)homogeneitytestforMoiAirport

station

4.1.3.Analysisofmeanmonthlymaximumandminimumtemperature(oc)over

Mombasa

Fromfigures5and6,theseasonalanalysisoftemperaturerevealsthattwoseasons

areevidentinMombasaarea;onerelativelyhot(DecembertoApril)andonerelatively

coldseason(MaytoNovember).
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Figure5:Seasonalmeanmonthlytemperature(oc)patternsforMoiAirportandMtwapa
stations

However,theregionexperiencesLongHotSeasonwhichisobservedduringDecember

toAprilandrelativelyShortColdSeasonduringJulytoAugust.Moreover,thereis

apparentdifferenceinthelengthsoftheseseasonsfromthetwostationswhichmay

beascribedtothevaryingmicro-climaticconditionsacrossvariousregionsofthecity

anditssurroundings.
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Figure6:Seasonalmeanmonthlyminimumtemperature(oc)patternsforMtwapaand
MoiAirportstations

MoiAirportareaexperienceslowerminimumtemperaturethanMtwapaareasduring

themonthsofJulyandAugust(Figure6).Thetwoareasaresurroundedbyvarying

channelsofoceanwaterwhichactasahugethermalstorage,alteringtheminimum

temperaturehere.Duringtheheatingmodethiswaterbodyabsorbsahugeamountof

heatresultinginalowerminimumtemperature,duetospecificheatcapacityofwater

whichishigherthanthatofdrysoil.Evaporationfrom theupperlayerofwaterwill

removepartoftheheatfrom adjacentairandthusincreasethecoolingmode.The

morelatentheatofvaporizationofwateraswellasthehighheatcapacityofmoistair

alsomayincreasethecoolingformfurther.
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4.2.INTER-ANNUALVARIABILITYOFMAXIMUMTEMPERATUREOVERMOMBASA

METROAREA

From figures7and8,temporalvariabilityofmeanmonthlymaximum andminimum

temperatureforMoiAirportandMtwapastationsshowssignificantpositivetrend.This

significantincreaseindecadaltemperature(1989,1999and2009)intheregionis

associatedwithchangesinlanduse/landcoverandanthropogenicheatreleaserelated

tourbanizationeffectsasaresultofincreasedpopulationinarea.

Figure7:AnnualvariabilityofmeanmonthlymaximumtemperatureforMtwapastation
(1989,1999and2009decadalperiods)
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Figure8:Meanmonthlymaximumtemperature(oc)forMoiAirportstation(1989,1999
and2009decadalperiods)

4.3.INTER-ANNUALVARIABILITYOFMINIMUMTEMPERATUREOVERMOMBASA

METROAREA

Figures9and10showtheresultoftheclimaticseriesforthemeanmonthlyminimum

temperatureforMtwapaandMoiAirportstationsinMombasa.Minimumtemperature

trendshavesignificantvaluesfromthelate1989to2009forallthestationsindicating

awarmingtrend.Thiscanbeattributedtothefastexpansionofthecityassociated

with urbanization effects.Dueto thisurban expansion,urban variation ofair

temperaturebegantobemanifestedinMombasa.
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Figure9:Meanmonthlyminimumtemperature(oc)forMtwapastation(1989,1999and
2009decadalperiods)

Figure10:Meanmonthlyminimumtemperature(oc)forMoiAirportstation(1989,1999
and2009decadalperiods)

Mombasacityisgettingmoreurbanizedandthisisindicatedbypopulationdensity



22

changes.Intheprocessofurbanization(associatedpopulationpressure),naturalland

coverremovalandreplacementwithurbanmaterialslikeasphalt,metal,concrete,stone

andbrickshassignificantimpacttothesurroundingenvironment,includingenhanced

surfacewaterrun-off,reducedevaporation,,hightransferandstorageofheatand

deteriorationofwaterandairqualityintheurbanarea.Theimplicationofthese

modificationsisthatitcanhavesignificantimpactsonthelocalclimateandweather

(Landsberg,1981).Considerableamountoftemperaturevarianceincreaseinurban

areasiswellexplainedasafunctionofpopulationgrowth(Mitchell,1961).Hence,the

urbanizationeffectsonlandsurfacecover,waterandvegetationinMombasametro

areahaveimplicationsontheurbantemperatureatdifferentscalesandallofthese

parameterspointtopopulationincrement.

Figure11:Meanmonthlyurban-ruralminimumtemperature(oc)comparisonbetween
VoiandMoiAirportstations(1989)
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Figure12:Meanmonthlyurban-ruralminimumtemperature(oc)comparisonbetween
VoiandMoiAirportstations(2009)

From figures11and12,itisevidentthatMombasaexperienceshighminimum

temperaturevaluescomparedtotheruralVoistation.Thesevariationscanbe

attributabletothevariousfluxesofurbantoruralenergybudget.i.e.heatstorage.The

suburbansurroundingofthecitybeginstoquicklycoolwhiletheurbanregion

maintainshigherairtemperature.Moreover,Mombasaareahas65km2ofwatermass

whichhashighspecificheatcapacitythusmoderatingtheheatingprocessand

offeringalargesurfaceareaforthecoolingprocess.Geographically,theproximityto

theIndianOceancaninfluencelocalwindwhosespeedanddirectionareimportantin

spreadingthecoolingeffectsofurbanwater.
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Figure13:Meanmonthlyurban-ruralmaximumtemperature(oc)comparisonbetween
VoiandMoiAirportstations(1989)

Figure14:Meanmonthlyurban-ruralmaximumtemperature(oc)comparisonbetween
VoiandMoiAirportstations(2009)

Themaximum temperaturewhichisexperiencedmainlyduringthedayshowsa

relativelysmalldifferencebetweenthetwostations(figure13and14).Thelower

maximum temperatureforMombasaincomparisontotheruralVoistationmaybe
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attributedtothepresenceofwaterbodycoveringthecity.Waterbodiesarelikelyto

createdownwindcoolingimplications.Openwatermassesofferagoodsupplyof

humidityinanordertosupporttheoasiseffectduringtheday,specificallywhenthe

areaisinvadedbydrier,larger-scalewarmersurroundings(Oke,1992)ofurban

environment. Additionally,thedirectionandspeedofwindarealsoimportantin

spreadingthecoolingimpactofurbanwaterbodies.However,theinfluenceofwindon

coolingeffectisrestrictedduetowindobstructingcausedbythepresenceofclosely

packedbuildingshencereducingairvelocity.Thisreducestheeffectofconvectional

cooling.

4.4.ASSESSMENTOFTHEINFLUENCEOFURBANIZATIONONMAXIMUMAND

MINIMUMTEMPERATUREOVERMOMBASAMETROAREA

Figure15:Regressionbetweenairtemperature(oc)andpopulationdensityover
Mombasaarea

Figure15showstheregressionbetweenairtemperatureandpopulationdensity.A

moderatepositivecorrelationbetweenthetwocanbeseen.Thevalueofregression

coefficient(R2)is0.4478.Theregressionequationbetweenairtemperatureand

populationdensityis;

Y=0.0004×Pop-density+29.284 Equation4

R2=0.4478
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Thissimplysignifiesthatwiththeincreaseinpopulationdensity,airtemperaturealso

increases.Moreover,itisfeasibletopredictairtemperatureonthebasisofknown

populationdensity.Theconsiderablevariationoftemperatureincreaseinthecitycould

belikelyexplainedasafunctionofgrowthinpopulation.Theexpandingcitydepicted

thehighestlevelofwarmingandpopulationgrowthasthemainfactorcontributingto

urbantemperaturemodifications.

Asurbantemperaturetendstoamplifywithincreasingpopulationandcitysize(Hinkel

etal,2004),andascitiesexpand,theyincreasinglycontributetoclimateadjustmentat

levelsbeyondthelocal.Oke,1978generatedaregressionmodelthatsuccessfully

explainedthat97%ofthevariabilityinurbantemperatureisduetoasolepredictor

variable–thepopulationsize.Karletal,1998alsoshowedanurbantemperature

increaseofabout1°Cper100,000peopleduetourbanizationintheUSAbasedon

populationanalysis.Thestatisticalinvestigationofairtemperaturewiththedensityof

populationshowsthatpopulationexpansiontendstoaddtotheriseofurbanair

temperatureandalsotothemicro-climateofthecityofMombasa.

Table2:Correlationsignificancebetweenpopulationdensityandairtemperature(oc)in
Mombasafrom1989to2009

Station ClimateParameter Correlation

Coefficient

Significance

Trend

Averagedecadal

changeof

temperature

Moi Maximum

Temperature

0.6692 Significant 0.500C

Minimum

Temperature

0.5756 Significant 0.440C

Mtwapa Maximum

Temperature

0.5905 Significant 0.200C

Minimum

Temperature

0.5777 Significant 0.440C

Theinfluenceofurbanizationonminimumtemperatureinthetwostationsissignificant
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andpositive.Theresultsofcorrelationanalysisforbothmaximum andminimum

temperatureshowthatairtemperatureinallthestationsissignificantlyandpositively

correlatedwithpopulationdensity.Thiscouldbelinkedtotherapidandrandomurban

growthandassociatedpopulationpressure,whichcreateschangesinurbanlandcover,

landuse,lossofvegetationandproductiveagriculturalland;micro-climatechangeand

water,airpollutionandanthropogenicheatrelease.
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CHAPTERFIVE:CONCLUSIONANDRECOMMENDATIONS

Thischaptercontainsthesummaryofresultsthatwereobtainedfromvariousanalyses

carriedoutinthisresearchproject.Italsoemphasizesconclusionsthatweredrawn

fromdifferentanalysesaswellasrecommendationstobegiventopolicymakersand

futureexpansionsofthisstudy.

5.0.SUMMARYANDCONCLUSION

Thealterationinminimumtemperatureduringthestudyperiodishighercomparedto

maximumtemperature.Increasingurbantemperaturesmaybeassociatedtotheeffect

ofurbanization(demographicpressure)coupledwiththeglobalwarmingowingto

speedyurbanizationandtheaccompanyingincreaseinenergyutilization,changesin

landuseandlandcovermainlyassociatedwithremovalofvegetation.Theseresults

haverevealedthatdecadalminimumtemperaturesinMombasahavebeenincreasing

by0.48ocandmaximumtemperaturesby0.50ocduringthe20yearperioddataset

studied.Thecorrelationandregressionanalysesindicatedthattheairtemperature

overMombasaissignificantlypositivelycorrelatedwithpopulationintheregion.Hence

theanalysisshowstheurbantemperaturetobelikelyrelatedtothecitysizeas

measuredbyitspopulation.

5.1.RECOMMENDATIONS

Theresultsofthisstudyhavefoundoutthattheurbanadjustmentofminimum

temperatureinview ofwarmingtendencyisontheriseinMombasacityandis

anticipatedtoreachhigherpercentages.Environmentalimplicationsofsuchurban

temperaturevariationonthecomfortofhumanbeings,designofbuildingsand

orientation,circulationofwindanddispersionofairpollutantsshouldbeintegratedin

thepresenturbanplanninganddesignprogrammesofthecity.Thereisalsoneedto

setupmoreweatherobservationstationsinMombasaanditsadjacentruralareasfora

comprehensiveandextensiveinvestigationofurbantemperaturesinfuture.

Anexhaustiveresearchthattakesintoaccountthefactorssuchashumidity,water

bodies,windspeed,anthropogenicheatanalysisandmanyotherfactorsneedtobe

carriedoutinordertoextensivelyquantifyurbanthermalenvironmentinthestudyarea.
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