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Abstract Because of climate change and urbanization, there have been concerns about the intensification of the heat
island phenomenon. In Korea, existing studies carried out to select heat island regions in urban areas have mainly utilized the
technique to compare and review land use characteristics and land surface temperature (LST) distribution at administrative-
dong level based on satellite imagery. In this study, based on satellite imagery and GIS (geographic information system) in
conjunction, a novel technique to find out heat island districts in urban areas was presented. The LST distribution was
calculated by acquiring and superimposing 21 satellite images during the summer season (May~September) over
2010~2020. The new clustering methodology of LST distribution map was proposed to specify the heat island districts in
detail, and as its key guideline, the top 10% of LST_ULE (LST_upper limit of extraction) and 200 m resolution of temperature
pixels were suggested. A total of 27 sites were derived as the result of extracting heat island districts by the application of this
new methodology for Goyang-si; there were 13 districts where their average LST values exceeded 30°C, and 7 ones larger
than 1km?. As a result of examining the four largest districts, the 15t and 2" ones were found to be urban regions with high
density of apartments, and the 3™ and 4™ districts were factory regions around the new-town sectors. It is judged that the
clustering methodology proposed in this study is very efficient to extract the severe heat island districts in urban areas and
establish the appropriate heat island mitigation measures suitable for each land use characteristic.
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Fig. 2. Average annual temperature of each administrative-
dong in Goyans-si.
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Fig. 3. Positions of each AWS in Goyang-si.
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Fig. 4. Extraction procedure of land surface temperature distribution using satellite images.
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Fig. 6. Extraction flow of severe heat island districts through LST clustering.
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Fig. 7. Highest temperature analysis during July and August (2010~2020).
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Table 3. Land use status of Goyang-si.

Major class . Mid-class . . Area Percentage
code Description code Description Sub-class code Description (km?) %)
110 Residential area 11 Detached hgusmg 3.149 1.18
112 Shared housing 3.382 1.27
120 Industrial area 121 Industrial facilities 2179 0.82
X 131 Commercial and business facilities 7.003 2.63
130 Commercial area .
132 Mixed area 0.074 0.03
100 ;eranization/ 140 Cultural, sports and recreational facilities 141 Cultural, sports and recreational facilities 1.218 0.46
ry area
153 Rail 0.899 0.34
150 Transportation area 154 Road 36.822 13.81
155 Other transportation - communication facilities 0.068 0.03
161 Environment facilities 0.325 0.12
160 Public facilities area 162 Education and Administration facilities 0.717 0.27
163 Other public facilities 1.225 0.46
211 Paddy with arable land 3.366 1.26
210 Paddy field acicy with arab’e an
212 Paddy without arable land 4.296 1.61
220 Field 221 Field with arable land 2.975 1.12
222 Field without arable land 16.312 6.12
200 Agricultural area
gricultu 230 Greenhouse 231 Greenhouse 9.456 3.55
240 Orchard 241 Orchard 0.721 0.27
251 Ranch or farm 0.489 0.18
250 Other cultivated land
252 Other cultivated land 2.185 0.82
310 Broad-leaved forest 31 Broad-leaved forest 57.125 21.43
300 Forest area 320 Coniferous forest 321 Coniferous forest 12.420 4.66
330 Mixed forest 331 Mixed forest 12.994 4.87
410 Natural grassland 411 Natural grassland 0.979 037
400 Grassland 421 Golf course 1.597 0.60
420 Artificial grassland 422 Cemetery 3.408 1.28
423 Other grassland 25.985 9.75
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1.59
0.11
0.79
0.31
4.81
3.24
0.18

Percentage
90.34

Area

(km?)
4226
0.292
2.097
0.827
12.821
8.639
0.473
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Description

Inland wetland
Riparian

Rock

Playground

Other bare ground

River
Lake

Sub-class code
511
612
613
622
623
711
712

Description

Inland wetland
Natural bare ground
Other bare ground
Inland water

510
620
710

code
610

Mid-class

Description
Wetland
Bare ground
Water

code
500
600
700
Sum

Table 3. Continued.
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Fig. 9. LST analysis results of Goyang-si (2010~2020).
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Fig. 9. Continued.
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Fig. 14. Example of cluster’s excessive expansion: For the case of LST_ULE 10%, the two districts were separated into different
clusters (black cluster and red one), but for LST_ULE 13%, the two were consolidated into one cluster and expanded exces-

sively.
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Fig. 15. Results of extracting the severe heat island districts in Goyang-si.
Table 4. Ranks of extracted severe heat island districts by its average LST.
Rank Latitude Longitude Address of representative pixel Average LST (°C) Area (km?)
1 37.639 126.77 **.%¥ Jangdae-gil, llsandong-gu 31.604 1.88
2 37.686 126.819 **, Gyeondalsan-ro 225, llsandong-gu 30.691 0.64
3 37.651 126.907 *** Samsong-ro, Deogyang-gu 30.657 0.36
4 37.65 126.834 **, Eullim-ro, Deogyang-gu 30.581 0.24
5 37.717 126.792 ** Gobong-ro 678, llsandong-gu 30.557 1.32
6 37.678 126.755 *** Daesan-ro, llsanseo-gu 30.315 3.48
7 37.696 126.82 *** Gyeondalsan-ro, llsandong-gu 30.128 0.20
8 37.696 126.738 **x_%% Deogi-ro, llsanseo-gu 30.088 1.36
9 3761 126.828 **** Haengju-ro, Deogyang-gu 30.082 0.68
10 37.709 126.817 **.% Munbong-gil 62, llsandong-gu 30.046 1.40
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Fig. 16. Detailed review on the top 4 districts according to their area rankings.

Table 5. Ranks of extracted severe heat island districts by its area.

Rank Latitude Longitude Address of representative pixel Average LST (°C) Area (km?)
1 37.678 126.755 *** Daesan-ro, lIsanseo-gu 30.315 3.48
2 37.673 126.78 *** llsan-ro, lIsandong-gu 30.038 2.52
3 37.639 126.77 **.%% Jangdae-gil, llsandong-gu 31.604 1.88
4 37.694 126.714 ** Deoksan-ro, lIsanseo-gu 30.031 1.76
5 37.709 126.817 **.%* Munbong-gil 62, llIsandong-gu 30.046 1.40
6 37.696 126.738 **x_%% Deogi-ro, lIsanseo-gu 30.088 1.36
7 37.717 126.792 ** Gobong-ro 678, llsandong-gu 30.557 1.32
8 37.647 126.788 **_* Baekseok-ro 86, lIsandong-gu 29.830 0.96
9 37.688 126.774 ** Tanjung-ro 471, llsanseo-gu 29.707 0.88

10 37.656 126.836 *** Hoguk-ro, Deogyang-gu 29.533 0.76
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