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Analysis of Areas Vulnerable to Urban Heat Island Using Hotspot Analysis
- A Case Study in Jeonju City, Jeollabuk-do -

Ko, Young-Joo - Cho, Ki-Hwan~

“Ph.D. Candidate, Dept. of Landscape Architecture Doctor's Course, Chonbuk National University

"Research Professor, Institute of Natural Sciences, Yeungnam University

ABSTRACT

Plans to mitigate overheating in urban areas requires the identification of the characteristics of the thermal environment
of the city. The key information is the distribution of higher and lower temperatures (referred to as “hotspot” or “coldspot”,
respectively) in the city. This study aims to identify the areas within Jeonju City that are suffering from increasing land
surface temperatures (LST) and the factors linked to such this phenomenon. To identify the hot and cold spots, Local
Moran’s 1 and Getis-Ord Gi~ were calculated for the LST based on 2017 images taken using the thermal band of the
Landsat 8 satellite. Hotspot analysis revealed that hotspot regions, (the areas with a high concentration of Land Surface
Temperature) are located in the old town area and in industrial districts. To figure out the factors linked to the hotspots,
a correlation analysis, and a regression analysis taking into account environmental covariates including Normalized Difference
Vegetation Index (NDVI) and land cover. The values of NDVI showed that it had the strongest effect on the lowering
LSTs. The results of this study are expected to provide directions for urban thermal environment designing and policy

development to mitigate the urban heat island effect in the future.

Key Words: Jeonju City Hotspot Analysis, Urban Heat Island Effect, Land Surface Temperature
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Figure 1. Location of Jeonju City, Korea
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U =1
(High- L w), LH(Low- H1gh) 5 vl 7K Z FEE T Anselin,
1995: Lee and Shim, 2011).
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Table 1. Measurement items for variables in this study

Variable Source Scale
. Land surface Landsat image | ..
Dependence variable | o tire(LST) (USGS) ¢
Single housing facility 9

Joint housing facility

%
Industry establishment

%
Commercial and business I
facility 9

Combined landuse zone
%

Culture, sports and rest —

Landuse facility Environmental %
rop- s
small Railroad area information
division service "
Road area (egisme.gokr) y
Indepen 0
dence Transportation
variablel communication facility %
Environmental
foundational facility %
Educational
administrative facilities %
Other public facilities 9
Large-scale Building area Korea national 9
dieital spatial data
¢ oiogra phic infrastructure
map Building height portal m
(data.nsdi.gokr)

Normalized difference Landsat image
vegetation index(NDVI) | (USGS)
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a: 13 April 2017 b 22 October 2017 ¢ 16 June 2017 d: 3 August 2017
Figure 2. Distribution of land surface temperature(LST)
Table 2. Elementary statistics of land surface temperature
Date acquired Scene center time Mean land surface Max land surface Min land surface Standard Median
d temperature( C) temperature( C) temperature( C) division (C) temperature( C)
13 April, 2017 11:04:45 2081 2437 16.74 2.04 2094
16 June 2017 11:04:58 31.49 35.85 25.07 3.15 32.02
3 August, 2017 11:05:14 29.99 35.63 24.29 3.04 30.08
22 October, 2017 11:05:34 21.11 24.74 16.37 1.82 21.05
Jeonju Jeonju Jeonju Jeonju

LST0413
o1

16
181020
20022
221026
26102

a: 13 April 2017 b: 22 October 2017 c: 16 June 2017 d: 3 August 2017
Figure 3. Mean land surface temperatures of each district
Table 3. Daily weather condition in Jeonju City
Date Temperature(°C) Wind velocity (km/h) Humidity (%) Mean cloud(%)

13 April, 2017 164 58 45 0.0

16 June, 2017 273 40 47 5.0

3 August, 2017 32.2 43 63 16

22 October, 2017 20.3 130 48 0.1
Landsat 8 &% 2% 9 A7k AFA] 713AEE Table 32 A X TYF 123 L AdE 7L s L2 37k A
kag=y 5 AFE ik L3 a7k AFE HEE SedE e

B, 7 dldste 42 13¢5 108 229 o= FE3 2= FEE] 2 VL $HF UL B4 49% 52990 &

LSTE 7 HAXE 1674TC, 16371C, HA2Ew 24.37C, o7 =7 Irolg & & 9= g AEHo] 9SS 3
2474°C, BALE 2081TC, 21.11TC, EFHA}F 204T, 1.82TC9) o1&k 4= o)t} wkA, 2kx|9} 3 e FEHet =3 wo] &
t} EAEA o] EHF 0 YU o5 dlYsle & g AAehe 55 GeE AR W 2t
69 1697 89 3 HF2= 31497, 29.9C e, HALE EHYE Holtk

£ 2507C, 2429C, HI2EE 3H85C, 3563C, FFHA=
747} 315°C 9 304CE B, 7MSET 1 Zo| Al £ 7]
Folgt & 4= 9 33T oA 69 1692 3370, 8€ 392 23
N WA SNAM Uetth 62 1697 89 3Y B 33T o]Ate]

72 st=2x7sk(x| M| 483 55 (2020 10Y)
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PEFS] 9SS AT 5 Ytk

g % 34
A% 2318 Beleh(Figue 5 3%). 42 1395 64 16

o
Bed ks 7 s SA mARE Aol7E It

Local Moran's |

B High-High
B Low-Low
O High-Low
O Low-High
O Not Signif.

a: 13 April 2017

High-High
Low-Low
High-Low
Low-High
Not Signif.

ooomm

b: 22 October 2017

Local Moran's |

B High-High
B Low-Low
O High-Low
O Low-High
O Not Signif.

c: 16 June 2017

Local Moran's |

B High-High
B Low-Low
O High-Low
O Low-High
O Not Signif.

d: 3 August 2017

Figure 4. Local Moran's | of each district
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Jeonju Jeonju

Cold spot - 99% confidence

Cold spot - 95% confidence
0ld spot - 90% confidence

ot significant

Hot spot - 30% confidence

Hot spot  95% confidence.
Hot spot - 99% confidence.

a: 13 April 2017 b: 22 October 2017
Jeonju Jeonju

Cold spot : 99% confidence
Cold spot : 95% confidence
Cold spot - 90% confidence

Cold spot : 98% confidence:
Cold spot : 95% confidence:
Cold spot : 0% confidence.
Not significant

Hot spot : 90% confidence
Hot spot ; 95% confidence
Hot spot : 99% confidence

Not significant

Hot spot : 80% confidence
Hot spot : 95% confidence
Hot spot : 98% confidence

c: 16 June 2017 d: 3 August 2017

Figure 5. Getis -Ord Gi' of each district

Table 4. Pearson’s correlation and simple linear regression analysis result by each land use map

Correlation coefficient Coefficient of determination (Adjusted &)
Land use type - ;
13 April 16 June 3 August 22 October 13 April 16 June 3 August 22 October
Single housing facility | 0.509™ 0442 0469™ 0488™ 0.250™ 018" 0210" 0229™
Industry establishment 0236 0032
Small Commercial and 0579" 0572 0601 0596 0327 0319™ 0353 0348™
division business facility
Road area 0587 0580 0627 05717 0337 0.328™ 0386 0317
Other public facilities 0286 0312 0.314” 0334" 0.070" 0086 0.087" 0101
Digital Building area 06% " 0656 0707 0683 0476 0423 04947 0460
topographic map | Building height 0291 0.328" 0.343" 0.239° 0.074" 0.096" 0.107" 0.031°
NDVI —0479™ —0634" -0715" | 03" 0220 039" 0505 0286

ok

T pK008), " p<001), " p<O.001.

o3k W elolA UAFE LSTo} A7} Sl e 44 2 42AIF7 0707 ~0656 22 71 78 st ok A
13¢, 6€ 16, 8¢ 3¢, 109 22% EF Landsat 8 g/l A HofFolnh HFA] A WAe] oF 142%5 AAISHL 9L
8

D

= =
29 WAL AT 06271~05712 AE9] B4 vl
A o]

Z3F NDVI, EAFEA LR F53 =2 (road area), 4 - 4
=] o

T2 (commercial and business facility), Y5714 (single
housing facility), 718} 514 (other public facilities) 21 A 2.
2 Uehdor, 8¢ 3Ydl= 3914 (industry establishment)
T ot FAARE v2.004 F53 AEHE (building

o

-

JPIAE BGom, A B 3926%2 A - 9
AT 0601~0572, A A9 2949%E =+
™, 0509~0442¢] FH#ATE 7153 dETAA
) e o) 4RAAZ e, oluT 2

Hi
o

p

Rl
o 1
o ox

[0
b

Flo wx X g Ky H1 o |o
> 12 =

>

)

=2

ny

area), ZE=0|(building height) $%& 5% #93 HE&Z 1} VAT E HAF WFRe HAEE0S AFA WA

Ebk o (Figure 6 3%), AF3]ALA 9] A% o] ¢ 2ottt 0.009%% A8t Sl 71eF F3AlAdol 22} 0.343~0.236,
BAANE AgEd ST 714 2 938 FE= #eE 0.334~0.2869] *$AATE JeRATh

AFA AA WA oF 0074%S AR FIL YE A& W o] A1 A3NPark ef al, 2006: Quan and Lee, 2009:
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Jeonju Jeonju

a’ Percentage of building area b Percentage of road area

Jeonju

—
0 2000 5000

d: Percentage of single housing facility area e Percentage of industry building establishment area] f: Percentage of other public facility area

Figure 6. Percentage of land use type of each district

Kim and Yeom, 2012) 2 ¥¢#7 A3} 72+o] NDVI= LSTS} & Ao 2 YEPHTHTable 5 #%).
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Figure 7. Mean NDVI of each district
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Table 5. Results of multiple linear regression analysis
Coefficient Standard error t~value AIC Adjusted 7
Model 1 : 13 April 20512 0474 4323 62935
Single housing facility 6.901 1.823 37857 74932
Industry establishment 11.449 4463 2566 67.660 0518™
Commercial and business facility 5918 1.280 46257 81,047
NDVI —9.243 3185 —2902" 69.443
Model 2 : 22 October 20928 0.330 63335 30.740
Single housing facility 6.305 1475 4274™ 46.206
Industry establishment 10,774 3705 2908 37.281 0589
Commercial and business facility 5.004 1.078 16427 48988
NDVI —6,058 1.391 —4.356"" 46.809
Model 3 : 16 June 30538 1.008 303127 119.74
Single housing facility 9,376 2574 36427 130,93
Industry establishment 17452 6.443 2709 12529 Py
Commercial and business facility 6.292 1.991 3.160 127.86 ’
Building height 0.316 0176 1780° 121.15
NDVI —9.864 1.857 —53127" 143.65
Model 4 : 3 August 30,738 0509 60445 9158
Single housing facility 8536 2140 39897 104.988
Industry establishment 18401 5.336 3448™" 101.353 0693
Commercial and business facility 6.749 1.602 42127 106587
NDVI —8473 1.205 70307 130313
T K01, 7 K005, 7 <001, T <0001,
Table 6. Hotspot districts in Jeonju City
13 April 2017 22 October 2017 16 June 2017 3 August 2017

Jungang 1, 4-ga, Gyeongwon 1,

Jungang 1, 4-ga, Gyeongwon 1,

Jungang 1, 4-ga, Gyeongwon 1,

Jungang 1, 4-ga, Gyeongwon 1,

9% Dong 2. 3-ga Pungnam 1, 2, 3-ga, |, o 0 2, 3-ga, Pungnam 1, 3-ga, Gosa,
Confidence Daga 1-ga. Gosa 3-ga, Daga 1, 3-ga, Gosa 3-ga, Gosa Seonosong
hotspot Area 0.953km’ 0.712km? 0.609km” 1.319%m?
Mean LST 23.04C 23.22C 3445C 3320C
Jungang 2, 3-ga, Gyeongwon 2-ga, . .
Jungang 2, 3-ga, G 2-
Jungang 2, 3-ga, Jeon, Jeon 3-ga, | Pungnam 1, 2, 3-ga, Jeon, Jeon p 1 ‘ga" S_E?Hiﬁin Jeogi Jungang 2, 3-ga, Pungnam 2-ga,
95% Dong Daga 3, 4-ga, Taepyeong, Jung- |3-ga, Daga 2, 4-ga, Taepyeong, g 7 ’ ’ Jeon, Jeon 3-ga, Daga 1, 3-ga, Jung-
Confid nosong, Namnosong, Seonosong | Jungnosong, Namnosong, Seono 3ga. Daga 1. 3. d-ga, Jungno- nosong, Namnosong, Palbok 2-ga
nfidence \ . . . - . , -
hotspot song, Palbok 2-ga song, Namnosong, Seonosong
Area 3,064km’ 5.690km’ 2.866km” 4,385km’
Mean LST 2322C 23.02°C 3H.01C 3342°C
Daga 2-ga, Dongwansan, ~ . |Daga 4-ga, Taepyeong, Palbok
sé(())%fd Dong Junghwasan 1-ga Dongwansan Taepyeong, Palbok 2-ga, Yeoui 1-ga, Yeoui
hotns;iofnce Area 1188k’ 0533k 5,725k 4748k’
Mean LST 21.10C 2222C 34.78C 34.06C
- Yongbok, Samcheon 3-ga, Geum-
90% Dong Jeonmi 2-ga, Gorang Dongseohak, Seokgu Smkgu, Wondang, mhu Zea. sang, Ua 1-ga, Jeonmi 1, 2-ga,
) Deokjin 1-ga, Jeonmi 1-ga
Confidence Seongdeok
coldspot Area 8.202km’ 6.766km’ 16.704km? 42,099%m’
Mean LST 1843C 19.14°C 2117C 26.72°C
Deeseong, Yongjeong Daeseong, Geumam, Ua 1-ga, |Seokgu, Wondang, Jungin,
95% Dong Nam'eon’ ’ Wondang, Gangheung, Dodeok |Jeonmi 2-ga, Hwajeon, Dodo, |Daeseong, Hwajeon,
Confidence loong Gangheung, Dodeok Gangheung, Dodeok
coldspot Area 11.490km? 6.480km” 33,004k 31.661km?
Mean LST 17.84°C 19.17°C 2741°C 26.57°C
Saekjang, Hwajeon, Seongdeok, | Daeseong, Saekjang, . .
g?)%fd Dong Dodo, Gangheung, Dodeok Ua 1-ga, Dodo Sackiang Saekiang, Dodo
Cdgsl etnce Area 18,946k 27 367k’ 7.75Tkm’ 10,279k
PO Mean LST 1771C 1779TC 2507C 2524°C
76 3=2x7sI5IX| & 487 55 (20204 10%)



Journal of the Korean Institute of Landscape Architecture 201

-score7} & AYo] £ AR FAROR z-score
= Ao F2 AFES FEAZOR ‘/}E}"LOE] Pleass
T2 &31A] S, frofvlshA] S 9o T fAb
7}{] o] §lo] FF Iwsht 01%‘3]*‘ Sjmjojtt,
Moran's 19} Getis-Ord Gi & #4138 2 7oA
2 e ZAY A gl 5 B2
ks A 2 AFA TRl A, €

‘o

o N
!
l>

> .
%knzﬁﬂgm““‘
%\i‘ﬁ;‘:_lamlm

io
=

Shd

S
=

e o
oft
o3

rir ofm

Oj of
o2
ottt
'N
Lo
>~
-i
)
—Tﬁ
L ¢
—|—4
om
3

3
>
&0
ﬁ
i

>

LH g

ZAFA1H 0] -r]xld *L_
5 YA ‘:’“Xl"%ﬂ St (jeonju.gokr). °1&
—‘?f& AART AR, 7R, A4 5 UA
U T2 TA19 9EAe] A
TA 7154 A sle Y
TE & AL, FE71H9] AATEA] olH, F
‘:_—ﬁrﬁ}(Jung et al, 2014) 5202
2 A=A AFAYS A Aok Aol
T4 019101 E Shfe] stk YR FAAAE0
AFA1e] tEAQ] FEA oAk AFAd A
O]E}. 74]7‘“4 Hol a**ﬁi UEh s o] gtx

£ 4% 348 240z

34 ofy ofy b L e Rl o HT o

Jt ofy a0
r rulo

12 ol o
o

o
Ao,
>
l.,
_Orlll
J‘Ll
ol
1 o> do rir

1o X
>. —
fﬂ;ﬂ“‘”
’ o

o> o N M

o2 S v SN
% rlo ;; :.NT, N oﬁ]
[ ol o
o2ty
32 i
=N rlr o
-z ?,_ >'H o,
o, ©
M
(s
[
N
> _18,
ﬁ ?i
o, J
o[-J
2
o}l
OEi
ﬂllﬂ
:i
2
N
~

i
off
o}l
o3l
ol
o,
Ho
o o
Al
fd
o<
o
2 o
.
X
T
|o
il
e
i
&
Y
Y

>
N
>
o
> 4
T&‘l
fiu
M
B
I-
o,
i
)
19
o rlo
fd
ol
R
ithut
A
)
lo,

o
i
fot
o3l
)
=
2
i
>,
oX,
9
fuj

2
ofjr
=
o
N
12
o
@
ﬂF
ol
o
2
ik
r

© rlo rlf
bt
o>
Lo,
rlo
i

o
ox
12

ol

lo

i}

u}

ol

\
¥o M

Fu SL[H AE %2

o rIf

o U
rl
=
Sl
lo
ol
m\g
rlo
o

v U o

W 9% A99) A9 A4S A2 sHEye] A
WA Fo} 2 Woleh 2 T2 THEo] EAY) LES REE
=A2A9) 43S A9 34 2L AAcH Figwe 8 F2).

AFA TRl Ve saste] A9 A9 gu
ARG A5 AN BF) 02 AN 42 Lrs
A EISRE Pak et (0099 o 2179 3kt

274 AN WPOR e LST B4 AL Auju
3 ARE B4 B 2 =
o Jehdth Q7 BeIdl WEE FHoR BY 3
AU, FIE WIS AF AT 454495 7
WA 2ol BEE drhrk FAS) LST Sk A
2 Uehdor], 2ragte S¢Aes AgAde] 29
QA olzto] $x o) 92 sk oleld Sgt
4 ANE o EANSALIN 53 st 3L

A 58 58 a9y 89S mESeie, B4 A9 A
FA LST gk23t 2o fouldt 93 nXe EXTE
AF2 = A7 A2AY T FAXNGY] GEFANA, 39
Ao FHAA, AAAG9] Y - Al LSTE =01+
S9lo9lon, Mg go] ZA5HA] ghe A& ulals] |
FE A4% NDVIZF LSTE w3E 29 (adjusted 7 0505~
0220, pvalue: <0.001) 22 #&37 J9dch

o} Z+e AT ANE ulgo T &3 £ glE AHF A

a: Gyeongwon 3-ga dong b: Jungang 4-ga dong

¢ Gyeongwon 1-ga dong

d: Jungang 1-ga dong

Figure 8. Hotspot districts green space is extremely small, also street trees are rare in common(Google Street View)
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