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Urbanization and Urban Heat Island Analysis Using LANDSAT
Imagery: Sejong City As a Case Study

ABSTRACT

Rapid urbanization of Korea was an unprecedented example in the world and urban population increased significantly. As a result,
unbalanced distribution of population is serious problem in Korea because approximately 50% of the population is concentrated in the
capital area that is 10% of nation’s territory, thereby occurring various urban problems including UHI. Hence, Sejong Special
Autonomous City was inaugurated officially on 2 July 2012 in order to decentralize population of capital area and induce more
balanced regional development. The Sejong City has been changed drastically over a period of years as developed practically since the
late 2000’s and is expected to have new problems of urbanization. The land cover change due to urbanization is the main cause of UHI
that urban area is significantly warmer than its surrounding areas and UHI is not only affecting urban climate change but also natural
environment. So the purpose of this research is to analyze level of urbanization and UHI effect and to provide the correlation analysis
between Land Surface Temperature and spectral indices. To achieve this, satellite imagery from LANDSAT were used. NDVI, NDBI,
and UI were calculated using red, near-infrared, mid-infrared (0.63um-1.75um) images and LST was retrieved utilizing thermal
infrared (10.4um-12.5um) image. Based on each index and LST, Changes of NDVI, UI and UHI through TVI were analyzed in Sejong
City. UHI effect increased around newly constructed multi-functional administrative city, the correlation between LST and NDVI was
negative and Ul was strong positive.
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Fig. 1. The Study Area Around Sejong City

Table 1. Summary of Imagery Used in the Study

Scene Path Datum /
Date acquired| Center Satellite Sensor map
. /Row .o
time projection
2001-05-27 |10:55:04 |LANDSAT 7| ETM+
2003-05-17 |10:53:58 | LANDSAT 7| ETM+ WGS 84/
115 | UTM zone
2006-10-24 [10:59:30 [ LANDSAT 5| T™M 5 $ON
2009-05-25 [10:53:12 | LANDSATS5| T™M
2013-06-06 |11:07:18| LANDSAT 8|OLI/TIRS
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ol714,
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Table 2. Thermal Band Coefficients of LANDSAT
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Atk Zha et al. (2003)] -4 A|AJE NDBIE =412 <7
U] B3 W} 5] SEelie) Wkt FH e wab

1036 Journal of the Korean Society of Civil Engineers

Sensor Band K1 K2
ETM+ 6 666.09 1282.71
™ 6 607.76 1260.56
10 774.89 1321.08
OLI/TIRS
11 480.89 1201.14
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Table 3. NDVI Ranges and Corresponding Emissivity Values

NDVI ranges Emissivity
NDVI<—0.185 0.995
—0.185 = NDVI<0.157 0.970
0.157 = NDVI < 0.727 1.0094 +0.047In (NDVI)
NDVI>0.727 0.990
I Tad 9TgS Ik AR ollX dojAl=

EAlS] BA} oo} FAe] & MMXH Hli gejem, A
O] HAKES ol A wiE, A} BT AR BiEo R
Qlate] AlE3H wisdo] wihe- Aok b AEH 2% S
SIRE AR A 9e] WARS SRR} FEsl] SdES AR
£ 53l HA8-S AFE3IT)(Park and Suh, 2013). HARS: A1&9]
8l WP O 2 Van de Griend and Owe (1993)9] 37-27}o)|4]
AAIE 1.009440.047In (NDVI) A9 we} Zhang et al.
(2006)°] 1%t Table 33} 22 WALE: FHPHE AME3IICH
(Liu and Zhang, 2011).

3.5 2 HEX ME
FaEIe] Aot neje] A|rT) iAo 27t #A] vE
e @el7] wligell thy Eq. (13)37 22 =EA9(TVE
Temperature Variation Index)E AL tdR]| o] H
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mean

T_
TVI= (13)

mean

LT
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S8 g olgstel WskE Awngick

A1 NDVIe] o) A2 k= Fig. 33} 2tk 7
)] Aol T o) sk = T e
opgkow] Aol Thel 2 Auli A3t 94 Arje] NDVIZH
7hashe Zlo® BTk 2X9E Ao 7] e Aelo] e
BAIR 357)] Wjo] o] ThE A X|<jo] Hls] NDVIZ} vk
Aoz etk the A TR 2 Wbt A gl
Fig. 4% 2 s7ole] 3 Ule} 2/ 3409) i Ule) 2ol
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Table 4. Comparison on Temperature (unit: °C)
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2001-05-27 | 22.16 6.25 2432 | 7.1 23.9
2003-05-17 | 21.22 2.7 23.56 | 3.88 23

2006-10-24 16.39 1.53 18.6 | 236 16.13
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Table 5. Correlation Coefficients with Temperature

NDVI NDBI Ul
2003 -0.5594 0.6708 0.7379
2009 -0.6066 0.6434 0.7289
2013 -0.6550 0.7796 0.8009
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