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Analysis of Land Surface Temperature Change in Public Residential
Development Districts of Seoul, Korea
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Abstract

During last 10 years, the government tried to make public residential development in order to supply a large number
of affordable housing. Most of public residential developments were built in green belt areas. Rapid urban development
would promote land cover changes and lead to increase land surface temperature (LST). The purpose of this study
is to examine the effects of public residential development projects on LST in Seoul, Korea. This study investigated
LST change in 7 residential and urban development areas including districts of Sinnae 3, Sinjung 4, Naegok, Segok
2, Gangnam, Ogum, and Wirye. Landsat satellite image were used to calculate variation in LST from 2007 to
2017. The results show that most of districts have increased in standardized LST change. Especially, Wirye district
experienced an average relative LST increase of 2.73C. Moreover, the LST was also high in districts where the
% Impervious Surface Area (%ISA) increased over the past 10 years. It is meaningful to suggest the direction of
the plan considering the environmental aspect when the public residential and urban development project is

implemented in the future.

Keywords: Residential Development, Land Surface Temperature, Impervious Surface Area, Landsat

L M2 2 e dEale] S8 2 TS 25 1
o otk B W At Bt 2 RAH EAE

St 1970900 o) F B AYAZ A A SISk ek ole} 2 o) EAAL A
o A} =N oS, A 7 o0 ol © B ER olel WY o1 TS 8

o EAlel AL Qlck AAAS 722 B EA TET AeePES 1996, 3D,
of BB W AL SYEAEY EAARES  EASP ARERA EARES] AU
Aol wa oiek Tt olel B B0l F s A Ao, ARSe Het e F7]

* 2 = 2018 HIRIEE- EAAE0LS] EARETSolA R W8S T ERIAR AR
sk AFTfeln TAAE] 2 wE-Fst} AARPYAI1AAD | MS. Candidate, Dept. of Urban Plannmg and Traffic Engineering, Keimyung
Univ. | Primary Author | th154@naver.com
sk AGOStY. TAAIREPEE 20y WALAZY | Assistant Prof., Dept. of Urban Planning, Keimyung Univ. | Corresponding Author
| kimej@kmu.ac.kr

MEA SSEXHL AHXITOIMe X|EH 2245t 2M 77



o] ds 855M| =3 olet 22 =a0] F-es)o]
e SHOE o] S5 TR N
o] o]ZofA ghrio]elE, Y3} 2005, 173). At 3
7 @ AR e ALSS, ooty A&,
ez WA o] 20K ) A5 SR Bz
Zo] FemtES ffel Al 109 Wzt Hgxie|E,
PEFd 5o FHEIHE FAGIAL ek of2f’t o
KeX

I A e 7

°Jé_1—°4 %7%5’*1 e SAA —f—‘?ﬂol Silﬂh
SHAIE, SiEA] o] =2
A Bt 5ot 22 thoket 3 BAIE EEge
Z &= ke ool qlef ghehelddd, old 2009,
212). TR o] eix)7Eto] o]2oido] wkal Exo]
o] Wt Hal, of=iet Q1EARI AT B

2 Z71 AN A A FEH L9 Al Eaf 7k 8

edaits zefab

sl Aotk z3], ol gAl, -2~ 2001, 58).
71E A IS 2215 oftE 5o AEE
HER QIS =219] 9E Bl ghael T2 HRAIE

A2V, E735 2008, 64).

JgehA e]7dte] s X9 XA 2o
AA R FS v =rp vtk ot S v
Wik 2 =52 olof tigh B& 2= 3oz Ayt

10 5 LA AsE FFEAT A1
T2 FHo= SR AR BA

olF9) AP Lo Hol7t PAE WFH O,

_. m‘o
ojn
%
=
=
o
2

i

78 ZEAT X97F(2018, 6)

I Mgetn m3

e e ) S ol duE e
7] Siel Fufisk alo] HYATE TSk 2 el

S =otaat gt

el A7 WSt EARD o wE EX
olgo] Bisky} 21 BH 2= ¥ BEESFHA ujxk= 4
ol thal] Hgohe A7t Eol FaEe] gt 1%
L1996 FTFAAE IR 1984~1994
W 5 ZAPER QIS Exjolgo] Wsh}t 2| EH
250 nxjE FEFS Landsat TM SIS S8
oo EAstItt el 717k B3t FFAle] EAIAY
HAo] 395 TVl ol TANEANICZ Q)
g TAERAtelA] 7)1 Aolgltt. 7]E YA |

22001 = EAGHRES] WSS otk
fsll A2EEAE ez 198587 19969
Landsac TM SRS o]-85l0] TA|Q] Ex]o]gat
AR L oF] PAIE sttt 2480, =47
S ZAog A o] e, EAR| YA
FHZ]Ho] 7| 2Afsle] B Foke nXiths 2t

E%E]‘i’iﬂ}.

S8, AN, A7F82013)2 A5 FUAE O
o2 sl LPRAZ 0= IRt =2 HA ] ¥ig}
¢} o]0 k2 LTS BAM6IIT) Landsar 43AF

2 7lEto 2 sfoed 20023 20004 2709 AEE



Hlwslet. 2485, UilrleEs= S5l 2002
of] vlal] 20001d2] 2§2]0] 579% S7F6IAt. 20021
tiH] 20008 &= 0] 2EHRLE A A LAY
25 g Ao 04~08T HEL] 2EE YU
£ Zo= Uit ya7lesol A= ofid A<
o] 2=E Aok Ve Ao
591, AAE, 2370162 AR HNA E
| T2 IR AfolE s sl <l
AFAANE dhd o= Ex|ol§o] Afoldt s7 A1H&
Aol Exjolgat 71.29] HstE #4651, ©
£ olgsto] Ex|o]§o] Hale} 2 k2o HAS
LSS =AET, AR o] 7MY w2 2%
£ H3lon, AFAHEA of 5907 =2 AoR
LFERT). QIFg A0 7V Atz oJshi 19754
o1 F 40WZF 27t oF 1407 et A o= YERE
ok o= QIEHAIY] A7k Ho] A&H 07 F
71t Ao 7108k AdS A 4= ik

g Sl ME EAjolg Wisle] We And &

A,
o
o |
©

—

o] St Weng and Lu(2008)2 0152 Qltjofiut5=e
TABT HekE 54 o= AIdstelal, of=gt Ha}
7F 2189 2ko] nlAle ke RSk 19914,
19954, 200081 2] Landsat TM/ETM+ $1A3948& F
Soto] EFSHA, =257t wsl] mE 2]uH
20] Hglet 11 fAE 2ASHTh 11 AT 1991
e 1995 delis Fx2A]9F 5217F 27%°14 20%
2 A4l vt A8H 257} dscte e o
4 ASdeh

Rogan, Ziemer, Martin and Ratick et al.(2013)2 H]=¢
AEAZE o R EEAR Qlole] 2| HH9)
257} 200897} 20104 Atele]] o] Ao] ¥skt
UeR=A] AmEgith B4AT A Aleld] o
2] A0 5L 10% A4, o= AHH 2EE

Bokaie, Zarkesh, Arastdo and Hosseini(2016)+= Landsat
™ SV ol83tod o] kel Hs|wte] A
B9 2ot EAolg/EATE 2 apuwele) 4
TAE Bt 1 Ak kAo, 3

F

Mathew, Khandelwal and Kaul(2016)-2 Q1% 2]
7HEAY] EA GRS BAS] Slo) 2 BH 2%
o g EFHAC] HelE AT 5 7He] 4
TRHAIE B4k 44171 2009'E011A4] 20134
08 AuA 2R FE317] 9I5hA MODIS 9199

—
A BEANGY, BEAUAS S S

[\)
(=}
(=}
\=)
L
=2
X,
3]
(=}
—
AN
L
>
o,
ox 19
A
jm
>
rg
A
I
o
o,
olN
N
N

Lpebgtet

Estoque, Murayama and Myint(2017)= Landsat-8
OLYTIRSE 7[5ro 2 slo] Bi=), Il He|d
AFe) £EBL o WY L, BEHE
A =270 AT HAE Esteict. 1L Ay 24

A|QolA Bat AEH 2=oF SR, Alole

78Rt ol AFAPT e, A BH 20 4]
31 Alelells ARt &9 ATt veRst

Wang, Ma, Ding and Liang(2018)& Z-20] 117 30
(1985~2009) FH] FE3 AV TPgellA| <]

>

MEA SSHRHL AKX |IT0OIMS x2S 2=Hst 24 79

HI
!



Landsat TM/ETM+Z %}%6}0% XlEEH 255 52
51911, IKONOS} Google EarthE 2R&5}0] tiAlA]
O] Bt 712 B EZo]g FRFe welsigict. 14
T} ARYo] ZTtgtel] whel 2] EH 250 o]
A1) AR T o2 H455] SEQlct E
EEFHAL 22.63%(19859)014 51.55%(2009%)
2 FFokal, Ao HEk 54.19%(19859)lA
32.74%(2000 2 A ZAshe Ao =2 Uit

2 =RolMe ARYATE EE F3ER ol

o

p

olt
oL

71& AYATENE Aot =4 BAE o
A7 2191o] M2 th2o] 9Tl Aof H|F
=BolAE Oie NlmE AL AHslE P
sto] sl o9} 3H|, A2 AkEs Avt
2k A HAAEA)] Bt HlTste] £4519
o o8 3l A A A 2ot 2FeEAe] ¥
o8 Jrhom 1 4 glom, o vk 55
A7 AelH o) uelst 52 91 AL 5

Hol= o] AR 7|ZARE AlBSith= ZXFdofA
& Apa4o) girk

m

1

e F\
MHd o\;:l, FI'N

I

T

F

Sl 2| H9] 232 Fk, S5l AW 2kof| mRl= III, ek
P FAtA Rt} & =2 AQAEl TRt
FAM 5= Flall A 10871 A&oflA] F715 o] 1. ZAMHY
2 ARFEO] FFHRPNIARI ] FAEA] 2o
Me A e nFHSAlE a2, 2Ae 2 =2 A 109 9 S ERPRIAR el 4
g2 ofH IS mH=AE AESIA s Al T A2A] Ho] AAARIFE Vo R Jith FA1A e
E7o] Qlrk. o} Foll ] T8 Ao Al 2 AR, A4, WAL, ARl 7
QF FFEAAIARRIC] TARISA SEA] & 215, F A, AT 5 77H94 ARJAFE 227t
AT QIS toll thet RS =olol= 42 mieist SFTH <Table 1> 7“Z) 270l A&7
0, oFS A A4 330 A Bk S vesk A A 2of A= FEFS 24 3} 1 Sfall i o)™
o] WRS AARITH= 2hdo|A 2pdAdo] it (2007'9)3} 15420171 9] afid tdA]e] 2|7 &
Table 1_ Public Residental and Urban Development Projects in Seoul
No | Project Name Location Area(m’) Project Period
1 | Sinnae 3 District Some Parts of Sinnae-dong, Jungnang-gu 584,107  |2007. 7.25.~2017.12.31.
2 |Sinjung 4 District Some Parts of 831 Shinjung-dong, Yangcheon-gu 35,594 [2012. 7. 6.~2017.12.31.
3 | Naegok District Some Parcs of Naego;ii’;i;:fg:;‘i Yeomgoledong, and 811,615  |2009.12. 3.~2018.12.31.
4 | Segok 2 District | Some Parts of Suseo-dong, Youlhyun-dong, and Jagok-dong, Gangnam-gu | 771,207  |2009.12. 3.~2017.12.31.
5 | Gangnam District Some Parts of Jagok-dong, Gangnam-gu 938993 | 2009. 6. 3.~2015. 6.30.
6 | Ogum District Some Parts of 99 Ogum-dong, Songpa-gu 128257 |2012. 7. 6.~2018.12.31.

Note: The value in parenthesis at the area column indicates area belonging to Seoul.

Source: http://openapi.jigu.go.kr/main.do (accessed March 22, 2018).
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L, = Spectral radiance at the sensor’s aperture( W/ m?srum)

QCAL = The quantized calibrated pixel value in DN

LMIN, = The spectral radiance that is scaled to QCALMIN( W/ m2sr m)
LMAX, = The spectral radiance that is scaled to QCALMAX (W] m?2sr wm,)
of HlwRAtogn Y & QCALMIN = The minimum quantized calibrated pixel value in DN

o L 5t QCALMAX = The maximum quantized calibrated pixel value in DN

FARE A7 9 Oq 4(74114_9_01 Ly=(Myx Q) +4, <] 2>
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T = Effective at-satellite temperature in Kelvin
K, : Calibration constant 1
K, : Calibration constant 2

L, : Spectral radiance (W/m2srpm)

Table 2 _ Thermal Band Calibration Constant
(Landsat TM/OLI)

Landsat K1 K2
Landsat-5 TM 607.76 1260.56
Landsat-8 OLI 774.89 1321.08

Source: NASA 2004, 120; NASA 2016, 95.
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Table 3 _RED/NIR (Landsat TM/OLI)

2

AzLST = Standardized LST change

2LST)yy; = Standardized 2007 LST mean
2LSTyy; = Standardized 2017 LST mean

O997 = Standardized 2007 LST standard deviation
O9m7 = Standardized 2017 LST standard deviation
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Table 4 _Land Cover Categories

.. Spectral | Thresholding
Category Description Index Me
Including Buildings, Roads
K Manual
. and all Other Impervious .
Impervious A (Impervious
Surfaces such as Parking | VrNIR-BI
Surface . . Surface
Lots, Airports, Tennis —0.425)
Courts, and Sidewalks ’

Source: Estoque, Murayama and Myint 2017, 352.
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Table 5_ Remotely Sensed Land Surface Temperature
and Air Temperature Measurement for Same Day

Dat Land Surface Weather Station Air
€ Temperature (C) Temperature (C)
2007.5.27. 27.47(2.94) 22.5
2017.6.5. 22.66(3.19) 14.9

Note: Standard Deviation Shown in Parenthesis.
Source: http://www.weather.go.kr/weather/main.jsp (accessed May
24, 2018)
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Figure 1_Land Surface Temperature in Seoul (Z—score Value)
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Table 6 _ Original and Z—score Values of Land Surface Temperature in 2007 and 2017

Min Max Mean SD

Site Value
2007 2017 2007 2017 2007 2017 2007 2017
Sinnae 3 | Original Value (C)|  22.74 19.49 30.74 25.86 26.74 23.79 1.96 1.04
Diserict Z-score Value -1.59 -0.98 1.13 1.02 0.23 0.37 0.67 0.32
Sinjung 4 | Original Value (C)|  24.89 19.06 27.85 22.96 26.19 20.98 0.90 1.03
District Z-score Value -0.86 -1.11 0.15 0.11 042 051 0.31 0.32
Nacgok | Original Value (C)|  23.17 18.64 2951 26.28 2631 23.18 1.39 1.87
District Z-score Value -1.44 -1.25 0.71 115 -0.38 0.18 0.47 0.59
Segok 2 | Original Value (O)|  23.17 19.72 30.74 29.27 27.65 24.50 1.61 2.25
District Z-score Value -1.44 -091 113 2.09 0.08 0.59 0.55 0.71
Gangram | Original Value (O)|  23.60 19.06 3033 26.13 2675 23.01 1.44 1.52
District Z-score Value -1.30 -1.11 0.99 1.10 -0.23 0.12 0.49 0.48
Ogum | Original Value (C)|  28.68 21.68 31.55 26.05 29.86 2378 0.74 0.83
Diserict Z-score Value 0.43 -0.29 1.40 1.08 0.83 0.37 0.25 0.26
Wirye | Original Value (C)|  23.60 22.18 33.56 28.69 27.50 25.54 1.86 1.37
Diserict Z-score Value -1.30 -0.14 2.09 1.90 0.03 0.92 0.63 0.43
Original Value (C)|  15.58 10.34 40.58 35.13 27.47 22.66 2.94 3.19
seoud Z-score Value -4.03 -3.85 448 392 0.02 0.02 1.00 1.00
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Figure 2 _Map of Standardized Land Surface Temperature Change between 2007 and 2017
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Table 7 _Descriptive Statistics of Standardized Land Surface Temperature Change between 2007 and 2017

(unic: C)

Site Min Max Mean SD
Sinnae 3 District -2.43 6.77 1.84 2.22
Sinjung 4 District -1.37 1.41 -0.28 0.73
Naegok District -0.59 3.71 1.71 0.87
Segok 2 District -2.04 5.18 1.58 1.61
Gangnam District -1.49 3.97 1.08 0.94
Ogum District -5.20 1.21 -1.42 1.36
Wirye District -4.89 9.31 2.73 2.37
Seoul -7.48 9.84 0.00 1.27
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Table 8 _ Descriptive Statistics of VrNIR-BI Value (Impervious Surface) in 2007 and 2017
Min Max Mean SD
Site
2007 2017 2007 2017 2007 2017 2007 2017
Sinnae 3 District -0.563 -0.407 -0.024 -0.047 0312 -0.160 0.153 0.065
Sinjung 4 District | -0.422 -0.355 -0.120 -0.074 -0.273 -0.189 0.079 0.074
Naegok Districe -0.529 -0.441 -0.081 -0.063 -0.286 -0.188 0.107 0.084
Segok 2 District 0477 -0.381 -0.032 -0.053 0215 -0.174 0.088 0.058
Gangnam District | -0.572 -0.430 -0.049 -0.051 -0.285 -0.196 0.112 0.087
Ogum District -0.297 -0.230 0.008 -0.038 -0.135 -0.084 0.067 0.034
Witye District 0510 0413 0.027 -0.034 -0.272 -0.130 0.134 0.054
Sk At Martin and Ratick et al. 2013; Mathew, Khandelwal and
ole} g, B =RoME A 1087 EFFHE Kaul 2016; Estoque, Murayama and Myint 2017; Wang,
Hl-go] 7Ieh A el A 8H 27} Zol Ag Ma, Ding and Liang 2018).
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Table 9 _Changes of Standardized LST and %ISA

Change of
Land Surface | % Impervious Surface Area
Site Temgerature (%)
(®)
ALST | TlSA; | ISA ;| A%ISA
Sinnae 3 District 1.84 66.67 100 3333
Sinjung 4 District -0.28 100 100 0
Naegok District 1.71 84.97 99.65 14.68
Segok 2 District 1.58 98.26 100 1.74
Gangnam District 1.08 87.56 | 99.81 12.24
Ogum District -1.42 100 100 0
Wirye District 2.73 84.87 100 15.13
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