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Introduction
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Introduction

VAs urban areas develop,changesoccur in the
landscape. Buildings, roads, and other
infrastructurereplaceopenland and vegetation.
Surfacesthat were once permeableand moist
generallybecomeimpermeableanddry.

VThis development leads to the formation of
urban heat islands (UHI) the phenomenon
whereby urban regions experience warmer
temperaturesthan their rural surroundings.
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Introduction
VUrban populations are particularly vulnerable due to the UHI

phenomenon. City environmentshold more heat and routinely
experienceambientair temperaturesfrom 2° - 10°Fwarmer than
the surroundingrural and suburbanareas. TheUHIradiatesheat
out at night, raisingnighttimeminimumtemperatures,whichhas
beenlinkedepidemiologicallywith excessmortality.
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Introduction

V Increasedsurfacewater absorptioncausedby
canyongeometry.

V Decreased LW loss caused by canyon
geometry.

V Increased greenhouseeffect caused by air
pollution.

V Anthropogenicheatsource.

V Increased sensible heat storage caused by
constructionmaterials.

V Decreasedlatent heat flux causedby change
of surfacetype.

V Decreasedsensible and latent heat fluxes
causedby canyongeometry(reductionof wind
speed).

Canyons between buildingsCauses of the heat island effect
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Introduction

VMoreair conditioning(1-1.5 gigawatts).

VMoreelectricity,moreemissionof GHG.

VMoresmog.

VMorehealthproblems.

VEyeirritation, lungdamage,asthma.

VVegetationissues.

Consequences UHI
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Are there different types of urban heat islands?

VThereare threetypesof heat islands:

ÁCanopylayerheat island(CLHI)

ÁBoundarylayerheat island(BLHI)

ÁSurfaceheat island(SHI)
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Motivation
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Motivation

VInvestigatingmegacity (casestudyTehrancity).

VInvestigating Landsat 8 imagery with two
valuableThermalbands(Band10and11).

VIncorporatingvariousurbanindices.

VIncorporatingvariousvegetationindices.

VUtilizing kernel base analysismodel for urban
thermal environment by employing Support
VectorRegression(SVR)algorithm.

VMitigating UHIeffects.
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Motivation



12 Investigating Urban Heat Island Estimation and Relation between Various Land Cover Indices in Tehran City Using Landsat 8 Imagery

Motivation

VLandsat8 - OLISpectralBands
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Motivation

VLandsat8 - TIRSSpectralBands
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Motivation

VLandsat8 carries two push-broom instruments:
the Operational Land Imager (OLI), and the
ThermalInfraredSensor(TIRS).
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Proposed Method
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Proposed Method

Landsat 8
Satellite Images

Atmospheric Correction

Radiometric Correction

Vegetation Indices

Brightness Temperatures

Land Cover/Use maps

Tehran SHI map

Support Vector Regression (SVR) 

Main Features

Land Surface Temperature

TasselledCap Transformation
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Proposed Method

VUrbanIndices
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Proposed Method

VVegetationIndices
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Proposed Method

VTasselledCapTransformation(TCT)

ÁTransforms a multi-band image into a series of
images optimized for vegetation studies using
coefficientsspecificto a particularsensor

ÁImagesrepresentthe άbrightnessέ, άgreennessέ, and
άwetnessέ

ÁVegetationstudies:

Ábrightnessisusedto identifyandmeasuresoil

Ágreennessisusedto identifyandmeasurevegetation

Áwetnessis usedto measuresoli/vegetationmoisture
content
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Brightness

Greenness

Concrete 
Bare soil

Healthy ςdense
vegetation 

Water

Clear        Turbid

Brightness
Third

Water

Clear       Turbid

Wet soil

Dry soil

Location for different land cover 
classes in the

B-G spectral space

Concrete, Bare soil

Brightness ςGreenness - Wetness
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Epsilon Support Vector Regression (e-SVR)

VGiven: a data set{x1, ..., xn} with target values{u1, ..., un}, we want
to doe-SVR

VTheoptimizationproblemis

VSimilarto SVM,this can be solvedas a quadraticprogramming
problem
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Epsilon Support Vector Regression (e-SVR)

VC is a parameterto control the amount of influenceof
the error

VThe½||w|| 2 term servesas controlling the complexity
of the regressionfunction

ÁThisissimilarto ridgeregression

VAfter training (solvingthe QP),we get valuesof ai and
ai

*, which are both zeroif xi doesnot contribute to the
error function

VFora newdata z,
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Strengths and Weaknesses of SVR

VStrengthsof SVR:
Á Nolocalminima

Á It scalesrelativelywell to highdimensionaldata

Á Trade-off betweenclassifiercomplexityand error can be controlledexplicitlyvia C
andepsilon

Á Overfittingisavoided(for anyfixedCandepsilon)

Á Robustnessof the results

Á Theάcurseof dimensionalityέisavoided

Á ά[Huber(1964) demonstratedthat the bestcostfunctionoverthe worst modeloveranypdf of
y given x is the linear cost function. Therefore,if the pdf p(y/x) is unknown the best cost
functionis the linearpenalizationoverthe errorsέ(Perez-Cruzet al., 2003)

VWeaknessesof SVR:
ÁWhat is the besttrade-off parameterCandbestepsilon?

ÁWhat isa goodtransformationof the originalspace



24 Investigating Urban Heat Island Estimation and Relation between Various Land Cover Indices in Tehran City Using Landsat 8 Imagery

Kernels in SVR

VGaussianradialbasisfunction:

VPolynomial
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Experimental Result
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Experimental Result

VTwoLandsat8 imagesfrom Tehrancity area



27 Investigating Urban Heat Island Estimation and Relation between Various Land Cover Indices in Tehran City Using Landsat 8 Imagery

Experimental Result
Urban, vegetation and TCT indices for dataset #1
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Experimental Result
Urban, vegetation and TCT indices for dataset #2
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Experimental Result

VModelselectionin SVR

VA simple tool to checka grid of parametersis
providedby cross-validation(CV)error (i.e. mean
square error (MSE))with 5-fold. Rangeof grid
search method for estimating ʶparameter is
[0,5] andfor RɹBFparameteris [2-7,27].

ὛὌὍὪὔὈὠὍȟὉὠὍȟὛὃὠὍȟὔὈὡὍȟὓὔὈὡὍȟὄὶὭὫὬὸὲὩίί

ȟὋὶὩὩὲὲὩίίȟὡὩὸὲὩίίȟὔὈὄὥὍȟὔὈὄὍȟὄὍȟὟὍȟὍὄὍȟὉὄὄὍ

ὅ ÍÁØὝὶὥὭὲὭὲὫὨὥὸὥÍÉÎὝὶὥὭὲὭὲὫὨὥὸὥ
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Experimental Result
Optimum SVR parameters estimation for dataset #1 with C= 22.4013
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Experimental Result
Optimum SVR parameters estimation for dataset #2 with C= 15.1443
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Experimental Result

Theperformanceof final SVRmodelfor dataset#1

Theperformanceof final SVRmodelfor dataset#2
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Conclusion
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Conclusion
V All rangeof Landsat8 spectralbandshavebeenusedfor estimatingSHI

of Tehrancity,especiallythermalbands.

V In this study,urban indicesincludingNDBaI,NDBI,BI, UI, IBI and EBBI
havebeencalculatedusingrecenturbanparametersandfactors.

V In addition, for better investigatingvegetationfactors, more common
vegetation and water indices including NDVI, EVI, SAVI,NDWI and
MNDWI behind TCTinformation including Brightness,Greennessand
Wetnesshavebeenused.

V By utilizing theseinformation and indicesmodelingand monitoring of
SHIaremorefeasible. Alsoaspart of this study,the powerfulregression
model, the SVRis usedto monitor SHIvariation in two different time
(dataset#1 and#2) from summerto winter.

V Incorporating this procedure reveled that there is high degree of
consistencybetweenaffected information and LSTimages(MSE=0.75
for dataset#1 andMSE=0.43 for dataset#2).


