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V As urban areas develop, changesoccur in the
landscape Buildings, roads, and other
infrastructurereplaceopen land and vegetation
Surfacesthat were once permeable and moist
generallypecomempermedableand dry.

V This development leads to the formation of
urban heat islands (UHI) the phenomenon
whereby urbanm regions experienee warmer
temperaturesthan their rural surroundings




1st International Electronic

, N tFOdU Ct‘ on f;‘ g::fs?;egnce on Remote

22 June - 5 July 2015

V Urban populations are particularly vulnerable due to the UHI
phenomenon City environmentshold more heat and routinely
experiencambientair temperaturesfrom 2° - 10°F warmer than
the surroundingrural and suburbanareas The UHIradiatesheat
out at night, raising nighttime minimum temperatures which has

beenlinkedepidemiolagicallwith excessnortality.
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Causes pffibe heatislandeffect ‘Canyons between/buildings
Increasedsurfacewater absorptioncausedby -
canyongeometny

Decreased LW loss caused by canyon
geometry

Increased greenhouse effect caused by air
pollution.

Anthropogenideat source

Increased sensible heat storage caused by
constructionmaterials

Decreasedatent heat flux causedby change = T
of surfacetype. o
Decreasedsensible and latent heat fluxes

causedby canyongeometny(reductionof wind
speed.
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ConsequencesAHI
V More air conditioning(1-1.5 gigawatts).
V More electricity, more emissionnf GHG
V More smog
V More health problems
V Eyeirritation, lung damage asthma
V Vegetationissues
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V Thereare three typesof heat islands
A Canopyayer heat island(CIL:HI)
A Boundarylayer heat island (BLH]I)
A Surfaceheat island (SHI)
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V Investigatingmegacity (casestudy Tehrancity).

V Investigating Landsat 8 imagery with two
valuableThermalbands(Bandl10 and 11).

V Incorporatingvariousurbanindices

V Incorporatingvariousvegetationindices

V Utilizing kernel base analysis model for urban
thermal environment by employing Support
VectorRegressioliSVRalgorithm.

V Mitigating UHleffects
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Motivation

V Landsa8 - OLISpectraBands

Spectral Band
Band 1 - Coastal / Aerosol
Band 2 - Blue
Band 3 - Green
Band 4 - Red
Band 5 - Near Infrared
Band 6 - Short Wavelength Infrared
Band 7 - Short Wavelength Infrared
Band 8 - Panchromatic

Band 9 - Cirrus

Wavelength
0.433 - 0.453 pm
0.450 - 0.515 pm
0.525 - 0.600 pm
0.630 - 0.680 pm
0.845 - 0.885 pm
1.560 - 1.660 pm
2.100 - 2.300 pm
0.500 - 0.680 pm
1.360 - 1.390 pm

Resolution
30m
30m
30m
30 m
30 m
30m
30m
15 m
30m
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V Landsa8 - TIRSSpectraBands

Tmm Cryocooler
Radistor Radiator

Black Body
Radaator

Spectral Band Wavelength Resolution
Band 10 - Long Wavelength Infrared 10.30-11.30 pm | 100 m
Band 11 - Long Wavelength Infrared  11.50 - 12.50 ym | 100 m
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V Landsat8 carriestwo pushbroom instruments
the Operational Land Imager (OL), and the
Thermallnfrared Senso(TIRS

}Ou s o I
B ey |

B
B3
ED
@

B
E
B

v

400 900 1400 1900 2400 10000 11000 12000 13000

Wavelength (nm)

Bandpass wavelengths for Landsat 8 OLI and TIRS sensor, compared to Landsat 7 ETM+ sensor
Note: atmospheric transmission values for this graphic were calculated using MODTRAN for a summertime mid-latitude hazy atmosphere (circa 5 km visibility).
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Landsat8

Satellite Images

Atmospheric Correction

y

Radiometric Correction

Main Features

Vegetation Indices

BrightnessTemperatures

LandCover/Use maps

TasselledCapTransformation

LandSurface Temperature

Tehran SHI map
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V UrbanIndices

No. Name of urban index Formulation

SWIR1 — TIRS1
1 Normalized Difference Bareness Index (NDBal NDBal =
) T SWIR1 + TIRST

SWIR1 — NIR

~ SWIR1 + NIR
_ (SWIRL + RED) — (NIR + BLUE)

] =
(SWIR1 + RED) + (NIR + BLUE)

2 Normalized Difference Build-up Index (NDBI) NDBI

3  Bare Soil Index (BI)

SWIR2 — NIR
4  Urban Index (UI Ul =
o S%IS%RT NIR NIR GREEN
5  Index-based Built-Up Index (IBI) IBI = Swjfigﬂfg 1_ (N"ﬁ;;RED GR;‘?SELSWIM)
SWIR1*NIR T (NTR+RED GREEN+SWIRT)
SWIR1 — NIR

6  Enhanced Built-Up and Bareness Index (EBBI) EBBI =
10VSWIR1 + TIRS1
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V Vegetationindices

Formulation

No. Name of urban index
NIR — RED
1 Normalized Difference Vegetation Index (NDVI NDVI =
> (NDVD NIR + RED
NIR — RED
: EVI =G X
2 Enhanced Vegetation Index (EVI) NIR + C; X RED — C, X BLUE + L
L=1;C,=6;C,=75,G=25
_ NIR—-RED
3 Soil Adjusted Vegetation Index (SAVT) SAVI = NIR + RED + L X (L+1)
0<L<1=L=0.5
: : NIR — SWIR1
4  Normalized Difference Water Index (NDWI) NDWI =
NIR — SWIR1
5 Modified Normalized Difference Water Index MNDWI = GREEN — NIR
(MNDWI) ~ GREEN + NIR
6  Tasselled Cap Transformation (TCT) Brightness
7 Tasselled Cap Transformation (TCT) Greenness
8 Tasselled Cap Transformation (TCT) Wetness
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V TasselledCapTranstormation(TC)

ATransforms a multi-band image into a series of
Images optimized for vegetation studies using
coefficientsspecifido a particularsensor

A magesrepresentthe & righines:€ dgreennasé and
owetness

A Vegetationstudies
A brightnessis usedto identify and measuresoil
A greennesis usedto identify and measurevegetation

A wetnessis usedto measuresoli/vegetationmoisture
content
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V Given a data set{x,, ..., X.} with target values{u,, ..., U}, we want
to do eSVR

V Theoptimizationproblemis

1 & X
Min “fwl 4+ C 37 (& + &)
1=1

f

ui—wix; —b<edg
subject to (wix; +b—u; < e+ &
£ >0,§ >0

V Similarto SVM,this can be solvedas a quadratic programming
problem
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V Cis a parameterto control the amount of influenceof
the error

V TheY%||wl| /? term servesas controlling the complexity
of the regressiorfunction
A Thisis similarto ridge regression

V After training (solvingthe QP),we get valuesof a. and
a;, which are both zeroif x. doesnot contribute to the
error function

V Fora newdata z,
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StrengthscandMWeaknesses oF SV 2, S
V Stbremmsof SVR

A Nolocalminima
It scalesrelativelywell to high dimensionabdata

Tradeoff betweenclassifiercomplexityand error can be controlled explicitly via C
and epsilon

Overfittingis avoided(for any fixed Cand epsilon)

Robustnessf the results

Thedeurseof dimensionalitg is avoided

dHuber(1964) demonstratetthat the bestcostfunction overthe worst modeloverany pdf of

y given x is the linear cost function Therefore,if the pdf p(y/x) is unknown the best cost
functionis the linear penalizationoverthe errorst (PerezCruzet al., 2003

> > >

> v v B

V Weaknessesf SVYR

A Whatis the besttrade-off parameterCand bestepsilon?
A What is a good transformationof the original space
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V Gaussiarradial basisfunction
2
K(%. %;) =expt g - x|)

V Polynomial
K(X;, Xj) = (X; C")(j)d
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V Two Landsat8 imagesfrom Tehrancity area

el =

Dataset Acguisition date Area
#1 15-JUN-14 Tehran City

#2 08-DEC-14 Tehran City
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Brightness - ‘ Wetness
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V Model selectionin SYR
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V A simple tool to checka grid of parametersis
providedby crossvalidation (CY)error (i.e. mean
sguare error (MSE))with 5-fold. Rangeof grid
search method for estimating ¥ parameter is
[0,5] and for / RBFparameteris[2-7,27].

g2:tN 29 Investigating Urban Heat Island Estimation and Relation between Various Land Cover Indices in Tehran City Using & imdgetry



1st International Electronic
Conference on Remote
Sensing

ExpetimentdlAResult 3

Optimum SY B(Dﬁfﬂdﬂﬂ{?fﬁfsmsti mation for datasewith C=22.4013

e=0 1 2 3 4 5

y =277 8.9248 8.9647 9.044 9.2615 9.4912 9.8826
27° 8.1931 8.302 8.4365 8.8251 9.0959 9.6601
27° 7.2267 7.3276 7.672 8.1622 8.5831 9.2708
274 5.8522 5.9942 6.6195 7.2668 7.9778 8.76
277 3.9949 4.4532 5.2895 6.2399 7.2854 8.105
274 2.372 2.9398 3.9742 5.2427 6.397 7.4099
271 1.5473 2.1104 3.174 4.4679 5.7297 6.8946
2° 1.4013 1.801 2.8437 4.0502 5.4578 6.598
21 1.3833 1.6836 2.552 3.7709 5.1794 6.5787
2° 1.5092 1.6205 2.4686 3.7119 5.2035 6.759
2° 1.7264 1.8258 2.6858 3.9737 5.3606 7.1223
24 1.9631 2.2332 3.2883 4.468 5.9297 7.6059
2° 2.4885 2.9571 42283 5.5619 6.9744 8.2201
2° 3.554 4.1001 5.4872 6.8119 8.1602 9.2165
27 5.1897 5.94 7.131 8.2575 9.3713 10.3855
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Optimum SV R (parameters:estimation for datasewith C=15.1443

e=20 1 2 3 4 5
y =277 3.5728 3.6203 3.7465 3.9453 4.2763 4.9328
27° 3.2757 3.3461 3.5428 3.8146 4.1926 4.8525
27° 2.8064 2.9516 3.2566 3.6565 4.0248 4.6816
274 2.1372 2.3853 2.873 3.4025 3.8541 4.633
277 1.3728 1.7408 2.3534 3.1273 3.6953 4.4949
272 0.8369 1.214 1.9527 2.8148 3.6012 4.3988
271 0.6188 0.9288 1.6741 2.5687 3.51 4.3752
20 0.552 0.7768 1.495 2.4868 3.3917 4.4282
21 0.5736 0.7643 1.4816 2.4259 3.3971 4.624
2° 0.6387 0.8361 1.5391 2.4159 3.5788 49251
23 0.7551 0.9701 1.7051 2.7299 3.7836 5.0233
2% 0.9101 1.1954 2.0664 3.0564 4.0309 5.0652

2° 1.2115 1.5772 2.4113 3.3655 4.1731 5.2
2° 1.6435 2.0494 2.8103 3.6314 4.4022 5.3901
27 2.2376 2.6204 3.2666 3.9472 4.6724 5.6117
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Theperformanceof final SM¥REnodelfor dataset#1

MSE NRMS R?
Training 0.7507 0.2424 0.9442
Test 1.1155 0.30353 0.9100

Theperformanceof final SM¥Rnodelfor dataset#2

MSE NRMS R?
Training 0.4307 0.3035 09113
Test 0.4546 0.3113 0.9051
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All range of Landsat8 spectralbandshavebeenusedfor estimating SHI
of Tehrancity, especialithermal bands

In this study, urban indicesincludingNDBal NDB|,Bl, Ul, IBl and EBBI
havebeencalculatedusingrecenturban parametersand factors

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

By utilizing these information and indicesmodelingand monitoring of
SHlare more feasible Alsoas part of this study,the powerful regression
model, the SVRis usedto monitor SHIvariation in two different time
(dataset#1 and #2) from summerto winter.,

Inconporating this procedure reveled thans high degree of
consistencybetween affected information Images(MSE®S.75

for dataset#1 and MSE®©.43 for dataset#2).
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