"m Check for updates

Journal of Climate Change Research 2025, Vol. 16, No. 5-1, pp. 935~948
DOI: https://doi.org/10.15531/KSCCR.2025.16.5.935

Google Earth Engined} Landsat G343 &%t
MEA| EF FATO| AlSZHE ME

*kk

S OIS - R

o
MBSt TSI HEUERASE BAIPEM, TASs SNBSS s,
AT TA(AIST) ZAHHZUO0[E SHHE A1

Spatio-temporal identification of urban heat hotspots in Seoul using
Google Earth Engine and Landsat imagery

Nam, Ye-Kyung® - Lee, Dong-Kun™" and Park, Chae-Yeon™
“Doctoral Student, Interdisciplinary Program in Landscape Architecture, Seoul National University, Seoul, Korea
“Professor, Dept. of Landscape Architecture and Rural System Engineering, Seoul National University, Seoul, Korea
""Researcher, Global Zero Emission Research Center, National Institute of Advanced Industrial Science and
Technology (AIST), Tsukuba, Ibaraki, Japan

ABSTRACT

Climate change intensifies heatwave frequency and severity, creating a critical environmental and public health challenge
in urban environments. This study conducts a time-series analysis of heat-vulnerable areas (Cumulative Hotspot) in Seoul,
South Korea, from 2014 to 2023 (May-September). Leveraging Google Earth Engine (GEE), Land Surface Temperature (LST)
and Normalized Difference Vegetation Index (NDVI) were systematically derived from Landsat 8 and 9 datasets. Annual
hotspots were identified using specific criteria (LST = 33°C and NDVI =< 0.45). To overcome single-year analysis limitations
and investigate structural urban heat vulnerability, this research innovatively introduces the concept of 'Cumulative Hotspot',
an area experiencing heat vulnerability consecutively for three or more years or that recurs three or more times within a
10-year period. These criteria enable identification of persistent thermal stress, distinguishing it from transient phenomena.
Analysis revealed Nowon-gu (10.21 km?), Dobong-gu (7.41 km?®), and Gangseo-gu (6.56 km?) as the consistently largest
cumulative hotspot areas, with Nowon-gu approximately 5.9 times larger than the Seoul area district average. These cumulative
hotspots indicate distinct, persistent heat vulnerability patterns, differing significantly from general hotspots. This long-term,

time-series analysis provides valuable foundational data for developing effective and targeted urban heatwave response and

adaptation policies.
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Data Acquistion

Study area : Seoul
Data : Landsat 8 & 9
Boundary : Seoul administration boundary
Heat-related illness data: KDCA data (https:/wwwkdea go kr)
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Data Processing

I 3
Cloud masking
Temporal filtering (Ma'\ Sep)
Spatial filtering (Seoul)
" J
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LST & NDVI Derivation

LST: Thermal Band(ST_B10)
NDVI: Near-Infrared(SR_BS5) & Red(SR._B4) Bands

h. ¢ A
Annual Hotspot Definition
' T
LST = 33°C
NDVI = 0.45
h. -

v

Cumulative Hotspot Identification

Integrated 10-year Hotspots
Fixed (>3 consecutive years)
BRecurrent (>3 oceurrences in 10 years)

'

Data Analysis & Visualization

District-level Hotspot area(km®) & frequency
3-year & 10-year & Fixed/Recurrent Hotspot trend
Anmual LST trend
\ Comprehensive Hotspot characteristics y,

Correlation Analysis

Pearson comrelation between land cover types, environmental variables,
and heat-related illness cases at district-level

Fig. 1. Flowchart of the study
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Table 1. Number of Landsat original images used

for analysis
Year Number of Original Images
2014 31
2015 33
2016 32
2017 29
2018 28
2019 33
2020 30
2021 26
2022 61
2023 63
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Fig. 2. Annual mean LST in Seoul (2014 ~ 2023)
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Table 2. Seoul's annual mean LST during summer
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Fig. 4. Seoul's cumulative hotspot area distribution (2014 ~2023)
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Table 3. Summary of hotspot characteristics by Seoul administrative district (2014 ~ 2023)

District Number of hotspot Total hotspot Area Recurrent hotspot Area (=3 Fixed hotspot Area (=3
Years (km?) Occurrences) (km?) Consecutive Years) (km®)
Nowon-gu 10 10.21 7.06 4.88
Dobong-gu 10 7.41 5.09 4.07
Gangseo-gu 10 6.56 3.14 1.8
Gangbuk-gu 10 4.39 2.65 2.1
Gwanak-gu 10 2.8 1.52 1.13
Eunpyeong-gu 10 2.15 0.96 0.46
Songpa-gu 10 1.6 0.78 0.54
Yangcheon-gu 10 1.69 0.82 0.42
Mapo-gu 10 0.89 0.41 0.24
Guro-gu 10 0.82 0.28 0.1
Jungnang-gu 10 0.75 0.19 0.11
Gangdong-gu 10 0.62 0.37 0.28
Yeongdeungpo-gu 10 0.56 0.12 0.02
Gangnam-gu 10 0.52 0.19 0.11
Seocho-gu 10 0.37 0.13 0.08
Dongjak-gu 10 0.36 0.08 0.04
Jongno-gu 10 0.3 0.06 0.02
Dongdaemun-gu 10 0.27 0.06 0.03
Seodaemun-gu 10 0.25 0.08 0.04
Geumcheon-gu 8 0.13 0.01 0
Yongsan-gu 6 0.12 0 0
Gwangjin-gu 10 0.08 0.01 0.01
Seongbuk-gu 9 0.17 0.03 0.02
Seongdong-gu 4 0.02 0 0
Jung-gu 6 0.02 0 0

Table 4. Pearson correlation coefficients between heatstroke patients and district—specific variables
(2021 ~ 2023 integrated data)

Variables Heatstroke Patients (r) LST mean_C all (r) NDVI_mean_all (1) Hotspot_km? (r)
Land Cover Type
Urban/Built-up Area (Total) 0.46 0.58 -0.53 0.3
Residential Area 0.42 0.56 -0.5 0.28
Commercial Area 0.38 0.53 -0.47 0.25
Transportation Area 0.37 0.51 -0.46 0.26
Public Facilities Area 0.33 0.46 -0.4 0.19
Forest Area (Total) -0.36 -0.43 0.49 -0.21
Coniferous Forest -0.3 -0.36 0.38 -0.17
Deciduous Forest -0.33 -0.4 0.44 -0.19
Paddy Field 0.19 0.29 -0.24 0.09
Upland Field 0.14 0.25 -0.21 0.08
Environmental Variables

LST mean C all 0.54 1 -0.81 0.46
NDVI_mean_all -0.41 -0.81 1 -0.34

Hotspot_km® 0.29 0.46 -0.34 1

Note: Pearson correlation coefficient (r) measures the strength and direction of the linear relationship between two variables, ranging from -1

to +1. Values closer to +1 indicate stronger correlation.
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