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Analysis of Urban Heat Island Effect Using Time Series of Landsat
Images and Annual Temperature Cycle Model
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Abstract

Remote sensing technology using a multi-spectral satellite imagery can be utilized for the analysis of urban heat
island effect in large area. However, weather condition of Korea mostly has a lot of clouds and it makes periodical
observation using time-series of satellite images difficult. For this reason, we proposed the analysis of urban heat
island effect using time-series of Landsat TM images and ATC model. To analyze vegetation condition and
urbanization, NDVI and NDBI were calculated from Landsat images. In addition, land surface temperature was
calculated from thermal infrared images to estimate the parameters of ATC model. Furthermore, the parameters of
ATC model were compared based on the land cover map created by Korean Ministry of Environment to analyze
urban heat island effect relating to the pattern of land use and land cover. As a result of a correlation analysis
between calculated spectral indices and parameters of ATC model, MAST had high correlation with NDVI and
NDBI (-0.76 and 0.69, respectively) and YAST also had correlation with NDVI and NDBI (-0.53 and 0.42,
respectively). By comparing the parameters of ATC model based on land cover map, urban area had higher MAST
and YAST than agricultural land and grassland. In particular, residential areas, industrial areas, commercial areas and
transportation facilities showed higher MAST than cultural facilities and public facilities. Moreover, residential areas,
industrial areas and commercial areas had higher YAST than the other urban areas.
Keywords : Land Surface Temperature, Urban Heat Island Effect, Landsat TM, Annual Temperature Cycle,
Correlation Analysis
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Figure 1. The study area: Daejeon city
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Table 1. Number of scenes for percentage of cloud

and cloud shadow pixels.

Percentage of cloud and cloud shadow pixels
Year 0~ | 20~ | 40~ | 60~ | 80~

0% 20% | 40% | 60% | 80% | 100% Total
2000 | 2 5 2 0 1 11 21
2001 1 4 0 1 1 11 18
2002 1 6 0 0 0 6 13
2003 | O 6 1 0 1 9 17
2004 | 2 5 2 2 0 7 18
2005 | O 3 0 0 0 0 3
2006 1 4 0 1 1 4 11
2007 | O 3 1 0 0 1 5
Total | 7 36 6 4 4 49 | 106
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Table 2. Categorization of land use and cover types

(code number).

Categories Sub-categories
Residential area (110),
Industrial area (120),
Urban Commercial area (130),
area Cultural facilities (140), Transportation

facility (150)

and Public facility(160)

Rice paddy (210),

Farm (220),

Cultivation (230),

Orchard(240)

and Others(250)

Deciduous forest (310), Coniferous

Agricultural
area

Forest forest(320)
and Mixed forest (330)
Natural grassland (410),
Grassland | Artificial grassland (420),
and Others (430)
Inland wetland (510)
Wetland and Coastal wetland (520)
Natural bare land (610)
Bare land |4 Others (620)
Water Inland water (710)

and Marine water (720)

o] §li= 9% 4= Table 100 FAIE vho} o] & 778
19438, g3l 4 & 50l 20% o8k ARE]
7Fedttal = G F 437 (7436 Hom

2.3 EXIE 25

Aol ARSE EXUE Ane SN 3 EA
H| 2ol A A EEE= 20091 108 15 7821%
T EAVELEE ARESIolon ARSE EXuE
i A Table 29} 22t} 3470 SEF EA|
s e oleld 25 4 B FAAEE, 3
AR oo FAEAER gEste] AR sm
o] FRRI=E 7L Jem FHIT'W (Nearest
neighbor method)E #-85}%] Landsat TM 4733} 3¢
< S EXYERLEE ARste] 4l 28519l

T} (Ministry of Environment).
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LA E AEs] flEiMe 974 DN(Digital
Number) #k& WHAHS(L,) #ho= Wekslar A2
Bl WAL gromRE Al 2 T) (ks A=t
ojofgit], o]& $15}¢] Chander and Markham (2003)
2 NASA User Handbook (2013)0l]4] #|A]8+ WPH-S
&35to] 7} Landsat TM 73] DN k& "RALE gho
= WISt DN glo 2 E vilER kel ¥
348 Eq. (1), Eq. 2)¢F 2k

L, = Gain* DN+ Bias (1)
I*L*d*
Pr= ESUN, * cosb, @
1714,
L, : Radiance at the sensor’s aperture
(W] (m?* « srad  pm))

DN : Original pixel value

Guin, Bias : Given values from the header file of
Landsat images

P : Unitless planetary reflectance

d . Earth-Sun distance in astronomical
units

ESUN,  : Mean solar exoatmospheric irradiance

0, : Solar zenith angle

ALk Landsat TM @294 37e] vRALE gho=
FH Eq. 3)S Bl A (DS ArlsIith
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= K1 3)
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q7IM, K1, K2% dtatdelx] Fojx)= A7
o]t}

3.2 ATC ==

AAL G &-g3 AN 498 213l Bechtel
(2012)] #oket ATC EES #gsigion, mdx

(f(d))e Eq. (49 2t}

f(d) = MAST+ YAST « sin( 2dm

oA71A, di= 71%%1%1"#@ ZBIARY, MAST= A
ar 17k YAST= % Aiexe] W
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Fit

(phase shift)e]t}. 1 Ao A= Landsat @21
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2l Eq. (9)EHE ATC RHe] B E F4817] 9]
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(Moré, 1978; Gottsche and Olesen, 2001).
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AT} (Purevdorj et al., 1998; Zha et al., 2003). NDVI
2 NDBI AF2]2 Eq. (5), Eq. (6)% #th
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Figure 4. Estlmated phase Shlft of ATC model (box:

Figure 2. Estimation of the parameters of an ATC urban area in research site).

model using median values of land surface

temperature in each scene. AT}, Tak FR ALK AR, FA A9
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Table 3. Correlation between land surface temperature

and each spectral index in cloud-free images.

Date NDVI NDBI

2000/03/13 -0.51 0.47

2000/06/01 -0.80 0.79

2001/04/17 -0.56 0.59

2002/05/22 -0.79 0.75

2004/04/25 -0.76 0.80

(b) 2004/08/31 -0.81 0.76

Figure 3. Estimated parameters of ATC model: (a) 2006/09/22 -0.80 0.75
MAST (b) YAST (box: urban area in * p-values were below 0.0001

research site)
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Figure 5. Correlation analysis between MAST and
each spectral index: (a) NDVI & MAST
(b) NDBI & MAST.
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Figure 6. Correlation analysis between YAST and
each spectral index: (a) NDVI & YAST (b)
NDBI & YAST.
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Table 4. MAST and YAST of ATC model and spectral indices relating to land cover type.

Land C Urban area Agricultural area
and LoverTo 120 130 140 150 160 210 220 230 240
MAST
© 2893 | 2909 | 290.1 | 2884 | 2893 | 2887 | 2868 | 2867 | 287.7 | 2867
Y(‘;S)T 14.0 143 143 13.5 13.7 13.5 12.1 12.3 12.2 12.4
NDVI
(MEAN) | 0148 | 0155 | 0126 | 0193 | 015 | 0182 | 0268 | 029 | 0241 | 0320
NDBI 0.100 | -0.067 | -0089 | -0.119 | -0.113 | -0.094 | -0.187 | -0.154 | -0.162 | -0.167
(MEAN) . . . . . . . . . .
N“;i‘::lrs ofl 59010 | 9206 | 12577 | 2155 | 28553 | 13232 | 49028 | 40944 | 5071 | 2716
Land Cover Forest Grassland Wetland Bare land Water
310 320 330 410 420 430 510 620 710
MAST
© 2872 | 2849 | 2854 | 2853 | 288.0 | 287.3 2875 2872 285.5
Y(‘;S)T 12,5 11.9 12.3 12.0 12,5 12.9 12.7 11.8 11.4
NDVI
(MEAN) | 0249 | 0365 | 0373 | 0370 | 0232 | 0309 0.277 0.237 0.323
NDBI
(MEAN) | 0126 | 0223 | 0253 | 0221 | 0123 | 0159 -0.131 -0.163 -0.124
N“;i‘::lrs of | 96052 | 122085 | 532902 | 4165 | 1074 | 27781 7159 25458 16074

* land cover labelled according to the categorization by Korean Ministry of Environment as below: Residential area
(110), Industrial area (120), Commercial area (130), Cultural facilities (140), Transportation facility(150), Public
facility(160), Rice paddy (210), Farm (220), Cultivation (230), Orchard(240), Other agricultural area (250),
Deciduous forest (310), Coniferous forest(320), Mixed forest (330), Natural grassland (410), Artificial grassland
(420), Other grassland (430), Inland wetland (510), Coastal wetland (520), Natural bare land (610), Other bare
land (620), Inland water (710) and Marine water (720).
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