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Analyzing the Diurnal and Spatial Variation of Surface Urban Heat Island
Intensity Distribution

- Focused on 30 cities in Korea -
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Abstract

The urban heat island (UHI) phenomenon is mainly caused by urbanization and adversely
affects humans and the environment. Since the spatial and temporal distribution of urban
heat islands (UHIs) are irregular, effective mitigation of the effect of UHIs requires an
understanding of these distribution in terms of the surface urban heat island intensity (SUHL).
In this work, we calculated the day and night SUHI values in 30 cities of South Korea using
MODIS (Moderate Resolution Imaging Spectroradiometer) data collected during the summer
(June to August) from 2010 to 2015. Correlation analysis was performed to analyze the
variables affecting SUHIL Multi-regression analysis based on the correlation analysis was
performed to select significant predictors of SUHI for daytime and nighttime. The daytime
SUHIL, which was affected by precipitation, was found to be higher than the nighttime SUHL,
which was affected by the average temperature. However, both were thought to be affected
by the albedo, population density, and distance from the sea. These results can be used to
suggest various strategies for an effective UHI mitigation.
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Figure 1. Study flowchart
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Tablel. Selected variables related to SUHII

Variable Description Source
Korean
Population population/ City area Statistical
density (10,000/km) Information
Service
USGS Earth
Resource
City size Built-up area(km) ObSEWf’:IUOh
and Science
Center
BVl Enhancelcj]d\gigetatlon
NASA Reverb
WSA White Sky Albedo
Dist_Sea Distance from sea(km) MIhIStW of
Environment
Average Radiation of
Average
g June, July, August
Radiation
(cal/m)
e T " Korea
Average verage emperature Meteorological
of June, July, August L. ¥
Temperature O Administration
Average Average Precipitation
T of June, July, August
Precipitation
(mm)
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Urban Area of Dagjeon

[ ool =zl

Suburban Area of Dagjeon

5 0 25 5 10 15 20

a8 3. el =Xt 2=HX|Y
Figure 3. Urban and suburban area of Daejeon
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Table 2. Built-up area classification accuracy
assessment
Reference data
Classified Built- Non Su User
result up built-up m accuracy
area area

BdilEp 40 18 58 | 69.0%

area

Non

built-up 4 43 47 91.5%
area

Sum 44 61 105

Producer 90.9 70.5%

accuracy %
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(a) Day

65823

(a) Night

A8 4, 24 3074 EA|Q A EHEA|GMZE

Figure 4. SUHII of 30 cities in South Korea
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Table3. Descriptive statistics of explanatory variable

Variable Min. Max. | Mean S.D
Population
density(PD) 0.1 2.2 1.0 05
City size(CS) 20.8 524 1231 | 1299
EVI 04 0.7 0.6 01
WSA 1210 | 1553 | 140.7 8.6
Dist_Sea 25 935 24.4 24.6
Average
Radiation(RD) 4497 | 4814 | 460.1 8.5
Average 236 | 245 | 240 | 02
Temperature(TP)
Average

1703 | 301.2 | 2400 29

Precipitation(PC)

y 103453
SRl Tl I 15.3-21.7

Dist_sea

462-464 240247 244271

33493 5| il 1300, 464481 [p00 D 5ico. 24220 5| Qi TSR, I 271-301

a8 5 A7 Oigx|el g8 7= 2t
Figure 5. Result of variables about study site
PD(population density), CS(city size), EVI, WSA,
Dist_sea, RD(average radiation), TP(average
temperature), PC(average precipitation)
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Table 4. Regression model of day SUHII
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vy = AR (5 ), 7, =

0.6621, +0.17x,

= Dist_sea

Eol R? e 044401 NghE HEZW
p=0004Z ROISt ZOF LIt VIFgo] &of
CEESAE BAE Q= ZIo® LERITEL 8719

e % R SUHIO] Fi= g8iEo] o8t Ao

2 LRt 8ol g Haes WSA BilE
Q7% Dist_sea®, Bt/ 1 2g AMelsta Ft
SUHII Tgof 28Re Haeol sUstA Ui
Yo HE Hevh 3ot g m, WSASL ol

U7t AR SUHIDE E7F6H, BEFREE)
Ael7t Ad4E SUHIDE &4eh= g & 5+ QU
UM, Byt7|22 SVIETR SUHIVE S7Ichz
Z2E &+ AATKE 5). TIE ¥ glo] 54
2 WSAZ}F 15716R SUHIIZE 0.04C7F 24 91
EE7P 18/km* S716H 0662C7F 44, Bat
7120] 1T &7FH 1575T £71 HItIEEEQ)
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Fd i gaui e ZoNLe) HE SUHIIO dgks FAT
7 Ygsie I WA LETE gkl 4

S ORIl FRIRCH ZURB0] ZOIEO] Ok

2 N

0

I 5. OF7t SUHI 3|7 2
Std. ‘ , ,
Model B Error | B€2 | ¢ Sig | VIF Table 5. Regression model of night SUHII
ik kk
constant| 55795 |9.398 5.937 |.000 oo . ;trc;.r - sig | vIF
WSA -175 | 062 | -437 |-2.839|.009***(1.048
constant [-27.816| 16.115 -1726| .097*
PC -068 | .015 | -571 |-4489 |000***(1.690
PD | -2860 | .966 |-465 |-2961[007+*|1.620 Woas || <040 | 020 |-855| 2095 0545 11686
Dist_sea| 030 | .018 | .214 | 1.714 | 099* |1.110 P 1575 | 679 |.355| 2322 |.029** 1583
*:1%(p<0.01), **5%(p<0.05), *10%(p<0.1) PD -662 | 292 |-422|-2.267| .032* |1.231
a. dependent variable: SUHII Day
Dist_sea | 017 | .006 |.473]3.020 |.006%*|1.155
) OfZt ABED =L H{A
P SUHIO Seis = "= #4:19%(p<0.01), **:5%(p<0.05), *10%(p<0.1)

OPF SUHIIE HEHSE, 99 B5E =g
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a. dependent variable: SUHII Night
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