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Abstract

As the urbanization ratio increases, the heat environment in cities is becoming more important due to the urban
heat island. In this study, the heat island spatial analysis was calculated and conducted for analysis of urban
thermal environment of Sejong city, which was launched in 2012 and has been developed rapidly. To analyze
the ratio and change rate of urban area, a multi temporal land cover map (2013 to 2015 and 2017) of study area is
generated based on Landsat-8 OLI/TIRS (Operational Land Imager / Thermal Infrared Sensor) satellite imagery.
Then, we select an TIR (Thermal Infrared) band from the two TIR bands provided by the Landsat-8, which is
used for calculating the heat island potential, through the accuracy evaluation of the brightness temperature
and AWS (Automatic Weathering Station) data. Based on the selected band and surface emissivity, land surface
temperature is calculated and the estimated heat island potential change is analyzed. As a result, the land surface
temperature of the high ratio and change rate of urban area was significantly higher than the surrounding area
around 3T to 47T, and the heat island potential was also higher around 4C to 5C. However, the heat island
phenomenon was alleviated in urban areas with high rate of change that also show high green area ratio.
Therefore, we demonstrated that dense urban area increases the possibility of inducing heat island, but it can
mitigate the heat island through green areas.

Keywords : Urban Heat Island, Heat Island Potential, Landsat-8 OLI/TIRS, Land Cover Map, Land Surface
Temperature
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Fig. 1. Study area in Sejong city

B oATolAE 2013d 29 el WAsle] 2% F
o] Landsat-8 OLI/TIRS ¢AGA S &-835}9tk Landsat
ETM+ 437+ = 2] Landsat-8 €442 OLI?} TIRSS] =
7} 2] A7} AzbE]o] VNIR (Visible and Near Infrared) 2
TIR tH 9 Q149 Aladet. L2 ar 7HAgA w4t
o] A7 A= 7]=2] Landsat ETM+o]|A] Al 3dl= 71A|
A ghele] BRI E0m)et FUstel AHel ot
Arjodo] dake] Z7lellAb L= 100m = Landsat ETM+oj|A]
He= E2 A ST o] Sl ] 60mof| H]sl =
A4t Band7} 27 2 Z71s19ich

gutA o g mAlEA At 7] 2 TR EY &
HO R Qs =AM dAtol 7HE FERAlE ofFA o
HE 7|Hke = 18w giek SRR o S8Rt o2} 4, 7h,
AL = EA|GA o] EAIEHH(Kim et al., 2014a), & Lo
A F5o| AFAIS 91 9= 719 G A9l 519
o} 71 43} 59 Tofl A 69 29 AAYE G o= 4
T-= X3st3ich(Table 1).

71O Al Ese AWS RpR A o 314 B4 2
TheFEE FofollA] 7| 2A R 24 B8 AL itk & dAqtofA
AWS A2 BH8317] 918 ATA|do] A=} Gl AWS

>
U okt
ol

H ]

ARE FHESATE HEE AL Table 29 Zon] £ =
Table 1. Information of Landsat-8 imagery used in the

study
Acquisition | Acquisition | Cloud cover | Path/
date time rate(%o) Row Datum
2013.06.05 | 11:07:04 297 115/35
2015.05.26 | 11:04:04 0.09 115/35
2017.05.22 | 11:10:41 3.36 116/35

AAZES Table 101 Lhek Sl SIHGAF A5 A} S

O T
A7k &8 LES B3,

WS gatoll Qo] Ao EAJo] uhel Ak ol
U], ALK o] @ 2ot 5= gl tf7]9] 2of| A BAYSH= o]
=5 BAS| fI8 Wbl 9l AR S 3 3 A AD EX]
B S G519t 18] Landsat-8 OLI/TIRSS] &3 9]
A1 Wi=¢] Band 10, Band 112 7|8l 2 X FHLEE A&
SHAL, HlolB 9] a8/dS ol7] Fls) AWS Azt x|
=710 H A F L2 XHRMSE: Root Mean Square Error)
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DN (Digital Number)Zto =
Ato] DN 7 AA 7 A4S A
Z BA= HH\}E 7oz Halsly] €43l NASA (National
Aeronautics and Space Administration)of| 4] A|-&-5}+= User
handbook2] Egs. (1) and (2)& ©]-&3FtHUSGS, 2016). Eq.

Table 2. Information of AWS data used in the study

Temperature of AWS (C)
Installation area of AWS Latitude Longitude Datum
2013 2014 2015 2017
Sejong_jeonui 26.9 275 259 239 36°41'26” 127°12'01”
Sejong_yeonseo 257 274 249 241 36°34'19” 127°17°01”
WGS 84
Sejong_yeongi 26.8 274 24.8 251 36°30'11” 127°17°28”
Sejong_geumnam 26.6 27.6 247 24.2 34°57°02” 127°51'32”
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where p)’is the TOA planetary spectral reflectance without
correction for solar angle, /7, is the reflectance multiplicative
scaling factor for the band from metadata, DV is the original
pixel value, 4, is the reflectance additive scaling factor for
the band from metadata, p 770 A4, is the TOA planetary
reflectance, and ¢, is the solar elevation angle from metadata.

pA =TOA planetary spectral reflectance without
correction for solar angle,
M, = Reflectance multiplicative scaling factor for
the band from metadata,
DN = Original pixel value,
A, = Reflectance additive scaling factor for the
band from metadata,
pT OA, =TOA planetary reflectance,
0, = Solar elevation angle from metadata.
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where L, is the band spectral radiance (WW/ (m?-sr-pum) ),
M, is the radiance multiplicative scaling factor for the band
from metadata, and 4 is the radiance additive scaling factor
for the band from metadata.

L, =Band spectral radiance (I7/ (m* sr-pm) ),

M, =Radiance multiplicative scaling factor for the band
from the metadata,

DN = Original pixel value,

A; =Radiance additive scaling factor for the band from
the metadata.
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where 7 is the brightness temperature, and A1 and A2
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are thermal conversion constants for the band from metadata.
T = Brightness temperature,
L, = Band spectral radiance (W} (m? sr-pm) ),
K1=Thermal conversion constant for the band from
metadata,
K2=Thermal conversion constant for the band from
metadata.

Table 3. Thermal conversion constant of band 10 and band 11

Band K1 K2
10 774.89 1321.08
11 480.89 1201.14
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where BAND4 and BANDS are the red and near-infrared
bands, respectively.

BAND4 = Red band,
BAND5 = Near infrared band .

o]Z u}gko 2 Van de Griend and Owe (1993)9] A2
Thofl A AJAIE 1.0094+0.047 In(NDVI) Aol w}e} Zhang
et al.(2006)0] & 24 EAol| H&A17]7] flaf A
Table 49] W-§-5 vlgho = HIAME& AFESFGItH(Kim et al,
2014b; Kim et al., 2018).

Table 4. Emissivity values corresponding to NDVI ranges
(Zhang et al., 2006)

NDVI Ranges Emissivity (g)
NDVI < -0.185 0.995
-0.185< NDVI <0.157 0.970
0.157<NDVI <0.727 1.0094+0.047 In (NDVI)
NDVI >0.727 0.990
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where 7, is the land surface temperature (C) and « is the
land emissivity.

T, = Land surface temperature (C),
¢ = Land emissivity,
T = Brightness temperature.
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Table 5. Accuracy comparison of temperature estimated
by band 10 and band 11 of Landsat-8 TIRS (unit: °C)

; Band 10 Band 11
Date Location Oft AWS
measuremen LST |RMSE| LST |RMSE
Jeonui 269 | 28.1 24.2
Yeonseo | 25.7 | 25.7 22.3
2013.06.05 - 0.63 3.46
Yeongi | 26.8 | 27.2 231
Geumnam | 26.9 | 26.8 23.0
Jeonui 275 | 36.3 33.0
Yeonseo | 27.4 | 30.8 28.5
2014.05.30 - 6.45 3.79
Yeongi 274 | 34.0 31.2
Geumnam | 27.6 | 33.4 310
Jeonui 259 | 374 35.6
Yeonseo | 24.9 | 29.9 28.4
2015.05.26 - 8.74 7.09
Yeongi | 24.8 | 34.0 32.3
Geumnam | 24.7 | 32.7 30.9
Jeonui 239 | 29.2 25.2
Yeonseo | 241|279 25.1
2017.05.22 - 6.17 3.39
Yeongi 2511329 29.9
Geumnam | 24.2 | 31.2 28.7
3.3 EMHIA
QHENBL 2|0} of7|7k0] AL L AP A
ojt}. A oA 7|2 == dY wekgS APgsir] 9
St T H<(sensible heat flux)-2 Eq. (7)S &-&35lo] A1&3
4= otk
/ acs (Ts — (Tu+ T4 ))dsi
Q: all urban surfaces (7)

S

where @ is the sensible heat flux (W/m?), acs is the heat
transfer coefficient (1W/ (m>K)), Ts is the surface temperature
(K), Ta is the average air temperature in an urban canopy
layer (K), 7@’ is the difference between local and average air
temperatures (K), dsi is each constituent surface area (m?),
and S is the total horizontally projected surface area (m?).

@ = Sensible heat flux ( W/m?),
acs = Heat transfer coefficient ( W/ (m*K))
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Ts = Surface temperature (K),

Ta = Average air temperature in an urban canopy layer
(K),

Ta' = Difference between local and average air
temperatures (K),

dsi = Each constituent surface area (1m?),

S =Total horizontally projected surface area (1m2).
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s

where HIP is the heat island potential (C), 7's is the land
surface temperature estimated by band 11 (‘C), and 74 is the
average AWS temperature (C).

HIP = Heat island potential (C),

Ts = Land surface temperature estimated by band 11 (C),
Ta = Average AWS temperature (C),

dsi = Each land cover surface area (m?),

S =Total horizontally projected surface area (1m2).

4, dAnt
41 EX|I)EHSE} 2

QA EAjo] g USHE B 915 IS 7]
o= SVM YneAZE 2N A, 2. 4,

HE orr
ﬂ
"
=
o
B
N
u)
ox
ox
i
f
B
e
e
1
rr
e
rlo
Ehs



Analysis of Thermal Heat Island Potential by Urbanization Using Landsat-8 Time-series Satellite Imagery

@

Fig. 2. Multi-temporal land cover map: (a) June 5, 2013, (b) May 30, 2014, (c) May 26, 2015, (d) May 22, 2017

FAHSES e o] /o2 Fig 33} 22 ejng
Asto] A BA1S AAS,

Table 6. Accuracy of classification result

Date acccu):’lgtrzsl(l%) colét?}ipcegnt
2013.06.05 93.32 0.9160
2014.05.30 88.36 0.8540
2015.05.26 91.62 0.8905
2017.05.22 90.00 0.8744

20% —

0%
2003 2014 2015 2017

= FOrest ——e—Farmland Grass e BaITEn megpmlirDan s \Vater

Fig. 3. Time series analysis of area changes for each land-
cover class

Fig. 3014 Uehll g wlso] ml Ab, 54, 1}
A= ATR|e] AHHA 2] oF 46%, 29, 5% 3 A5k ek

TAIZ| L 7.3%(2013W)0)| 4] 15.8%(2017H) = 8.5% =715}
31, 22 9.9%(20136)o) 4] 12.1%(2017 ) 2 2.2% Z7}5}
gtk BhHo|| 7] 29.49%(2013F) 0l A] 18.49%(2017d) =
11% 7Hasteinh EAIGA AAS i shs EAA]S] HEo]
A 7K AL & = Uk ofof gt 2AE 8l AA
I& PAFIHERE YR L(Fig. 4), 2 gFSol| st
2013WHE] 2017E 7R 2] EAIR] WEl-e-S Table 73 ZHo)
YeRf it

Fig. 4. Administrative district of Sejong city
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Table 7. Rate of urban area change from 2013 to 2017 by
administrative district of Sejong city

AAH 0 2 F718EGlaL, 53] AlEA] ZHEA|]] Area_S1at
Area_S2+= 20134 tfjn] F 20~25% LA 7F S71eE A &

Administrative district of Rate of urban area A e —Hr% ElCEA 291315 o] eF 10~13%
Sejong city change (%) AR S71ekT, ol ERe] S Bl A Ao
Area_S1 26.58 HIdaHFA7tS7hE o] ddle = ket
Area_S2 22.98 4.2 XEH2E 3} 24
Jochiwon-eup -014 AFEPLE L A S a} A Aol JFL A
Yeongi-myeon 4.00 = s, FUEALE, ESFEE 5 Abol7t 7] W
veondong-myeon 1356 ol ol WES ool slol ol } e, EA13
Bugang-myeon 1060 Rl 08 (EUEES 2] HoH Band 113 7] 2
Az T WP AEARLES Table 83} 2o Lpe}
Geumnam-myeon 3.97 Woick
Janggun-myeon 8.87 TAIZ] H]go] 7H wo] Z7}E Area_S1, Area_S2 A
Yeonseo-myeon 7.81 Ao st AEH2te= B P70l vlsl FdH o= of
Jeonui-myeon 7.49 2030 37 MERdT SdElal 71E Rs7E Aol 2419
99 Byt A HWLE T Area_S1, Area_S2 2|91} -8-A1517
Jeondong-myeon 'z 20~30C F7 Uebth ol EAAI£0] & Alofo] A
A Aol WAshE S EQIS 4= Qlrk vhHo| =X
S W SRk @m 2ASIGen, ARl W mmAb A7) 2o 8RS ARsk Qi delHT} 4w
o] &5 Area_SI(etEE UTie] 1071 &), Area_S2(WiE o] it A EHLEE Ef FYTo] vl B #ESH 1 Q)
doje] a7l S)= Sste] JASIAE ATARY =ARE ok whepa] EARAE AL Y ) e o W =
Table 8. Land surface temperature for administrative district of Sejong city (unit: °C)
Land surface temperature
Administrative district of Sejong city
2013.06.05 2014.05.30 2015.05.26 2017.05.22
Area-S1 23.56 30.61 31.06 27.69
Area-S2 22.99 30.71 30.99 28.20
Jochiwon-eup 22.62 29.07 29.81 26.49
Yeongi-myeon 21.24 2741 27.56 24.50
Yeondong-myeon 21.66 28.15 28.16 24.74
Bugang-myeon 21.40 27.92 27.68 24.02
Geumnam-myeon 20.65 26.27 26.32 2391
Janggun-myeon 21.22 26.77 26.87 22.07
Yeonseo-myeon 21.30 26.96 27.69 23.04
Jeonui-myeon 20.41 25.98 27.25 1971
Jeondong-myeon 19.95 25.38 26.24 20.08
Sojeong-myeon 20.61 26.61 21177 18.41
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Fig. 5. Multi-temporal HIP map: (a) June 5, 2013, (b) May
30, 2014, (c) May 26, 2015, (d) May 22, 2017
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Fig. 6. Estimated average HIP of each land-cover class
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Table 9. Relation analysis between urbanization and HIP

. : Rate of urban areato | Rate of urban area
Administrative - Average LST from Average HIP from
district of Sejong city | o 2017 Chag%edbzegge& )2013 2013 to 2017 (C) 2013 to 2017 (C)
Area_S1 39.84 26.58 28.23 4.01
Area_S2 31.69 22.98 28.22 4.19
Jochiwon-eup 33.58 -0.14 27.00 2.83
Yeongi-myeon 13.88 4.00 25.18 -1.67
Yeondong-myeon 26.80 13.56 25.68 122
Bugang-myeon 20.05 10.64 25.26 0.72
Geumnam-myeon 6.75 3.97 24.29 -0.19
Janggun-myeon 12.55 8.87 24.23 -0.62
Yeonseo-myeon 14.09 7.81 24.75 -0.01
Jeonui-myeon 14.83 7.49 23.34 -2.16
Jeondong-myeon 9.20 722 22.91 -1.90
103
m - =
(=3 Gras Urban Baren Farmiand Waer orest Gras Urban Baren Farmiand Waer
@ (b)
10%
I I = 11 .
Forest Gras Urban Baren Famiand Waer Forest Gras Urbian Barren Farmiand Waer
© d)

Fig. 7. Comparison of land cover rate of areas in 2017 for administrative districts showing rapid urban changes: (a) Area_
S1, (b) Area_S2, (c) Yeondong-myeon, (d) Bugang-myeon
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