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Abstract: Heat waves caused by climate change are rapidly increasing health damage to vulnerable
groups, and to prevent this, the national, regional, and local governments are establishing climate
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crisis adaptation policy. A representative climate crisis adaptation policy to reduce heat wave damage
is to expand the number of cooling centers. Because it is highly effective in a short period of time, most
metropolitan local governments, except Jeonbuk, include the project as an adaptation policy. However,
the criteria for selecting a cooling centers are different depending on the budget and non-budget, so
the utilization rate and effectiveness of the cooling centers are all different. Therefore, in this study,
we developed logistic regression models that can predict and evaluate areas with a high probability
of expanding cooling centers in order to implement adaptation policy in local governments. In Incheon
Metropolitan City, which consists of various heat wave-vulnerable environments due to the coexistence
of the old city and the new city, a logistic model was developed to predict areas where heat waves can
be cooling centered by dividing it into Ganghwa-Ongjin-gun and other regions, taking into account
socioeconomic and environmental differences. As a result of the study, the statistical model for the
Ganghwa-Ogjin-gun region showed that the higher the ground surface temperature and the more and
more the number of elderly people over 65 years old, the higher the possibility of location of cooling
centers, and the prediction accuracy was about 80.93%. The developed logistic regression model
can predict and evaluate areas with a high potential as cooling centers by considering regional
environmental and social characteristics, and is expected to be used for priority selection and
management when designating additional cooling centers in the future.

Keywords: Climate crisis Adaptation Measures, Cooling Center, Heat Wave, Heat-related iliness,
Logistic Regression Analysis
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Table 1. Environmental Variables used in Analysis and Basis for Selection

Categories explanation Variables Ref. Unit (resolution)
Number of seniors aged | Number of seniors aged Lee et al. 2014
65 years or older 65 years or older Lee et al. 2020 100by 100 raster
Old house Distance from low-rise | Bae et al. 2020; Lee & Wang 2013
Vulnerable class (over 30 years old) old houses Park & Kim 2021 300by 300 raster
Basic 1¥v§11hood .Nanber of bgsp Kim et al. 2020 Adml.ms.tratlve
recipient livelihood recipient district
Leeetal. 2012; Lee & Oh 2019;
Park 2020; Kim & Kim 2020;
Lee & Lim 2022
Vulnerable area Ground surface LST - 30by 30 raster
temperature Song, 2013, Results of analysis
of current situation around
cooling centers’s location
Facilities for the elderly, Results of analvsis of
Characteristics | such as senior centers | Distance from public esults of analysis of current
of a cooling center Public facilit facilitics situation around cooling 300by 300 raster
ublic Tactiines, centers’s location
financial institutions

Faagc

A 2% (LST, Land surface temperature)2] 7|
AL Landsat-8 94 JAFLS 0]-8-5}9 T Landsat-8 A}
2 ot mE A8 B9 24| 53,
OLI(Operational Land Imager)2} TIR(Thermal Infrared
Sensor)°] ZFAtE 0] 1o A EH L= (LST)E AFET
2= 9]t} Landsat-8 H| 0| E] = Collection 2 Level 1 Terrain
Precision (L1TP) §|o] €= 7| .21 o] BFA} ® A3} 7|5}
HAS S= S, t7]of A HEARE B ol A (Top-
of-atmosphere reflectance) J & A 53t} shA| ot
o= A1 A Al BARE Th= Apo 7t EA T 5
A= 719 FFol ZgtE o] et HHH Landsat 8
Collection 2 Level 2 Science Product (L2SP) | o] Bl =
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of wh-& REARRFAFRS A A 3 2-4] 4] T ©] B (Analysis
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HHPo SEHP BAE A= FrgokA] Zetth
(Lee & Kim 2012; Seo et al. 2020). & JG-o A FH
STl G uE o 2 dole g Basn e
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14 o]0 22}E BAet ALg e 244 3
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&2 Ju]slti(Lee & Kim 2012; Hong 2005).
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EA A Y FEALET e A A RE 2=
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AHFIA BAQ02)E 712 A 54 vl
WobE, =M AR Foh-SATE AFHA T
S o

Foto] QI T} - ek, oA Sl A5H-&3
9] 654 o] 1F A = A AHFHAI oF
6.7%2] H]|Z-0 2 eyttt Z3h- 3ol A= 33k
27, W7HE, e O] G5 A Aot g5 F7t
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Hoxd T

Table 2. Descriptive Statistic Analysis

Data LST Over65y Dis_oldhouse Dist 160 Bessiptan Feam
(°0) (person) (m) (m)
Average 38.8 579 5359 174.1 .
Data (SD) 22) (57.1) (753.3) (155.6) Continuous data 696
tnland A 353 2.3 29252 501.2
verage . . ,925. . .
Random (SD) 53) (127) (3373.1) (438.7) Continuous data 390
Average 34.7 53 1,016.4 22312 .
. Data (SD) (18.4) (13.0) (761.5) (2370.6) Continuous data 285
slan
Average 301.3 0.1 1,353.5 2,312.7 .
Random (SD) (20.4) (10) (1276.4) (2,509.3) Continuous data 462
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Table 3. Results of Correlation Analysis of Environmental Variables

Variable LST Over65y Dist 160 Dis_oldhouse
LST 1.0000000 0.1644134 -0.3789740 -0.4275049
Inland Over65y 0.1644134 1.0000000 -0.2877380 -0.2781249
Dist_160 -0.3789740 -0.2877380 1.0000000 0.3811418
Dis_oldhouse -0.4275049 -0.2781249 0.3811418 1.0000000
LST 1.00000000 0.01733144 0.06195606 -0.12622321
Island Over65y 0.01733144 1.00000000 -0.13096022 -0.08281786
Dist 160 0.06195606 -0.13096022 1.00000000 -0.07883884
Dis_oldhouse -0.12622321 -0.08281786 -0.07883884 1.00000000
2. PCQIZE M JHSXIY 24 2 T B249 7H54 e L177H) S7kt T 2 4 9o,
A5k 0|9 Aol RelslgzA sy O 18 2E AT SUHsH FHAY
S |5 ATHE Tible s, F3F-gAFA M ey FEA TGS LoS7H SR S G

Table 40] 2J5}H

EAEHY L5, 65
B 9] Ag], 558 0 2 B E 9] A g7} o] u|gh H Zo A §-9]4o] Qltt. TEHl A4 7%11 H2=E3} o

s aﬂé—é—_ AL Tblesol gy, ERAMENEO Ao g 2AX 2EE 49

S AZS AR YEA oA € ﬂ@#%’%ﬁHAEE*Hﬂ—”OV &k
Al 1& R4, FFAAER AR UERIT Y S Hae R folgEcl 0

_4

ZUETh AR 227 1R S FHAd 2R dade SR ottt Ao E Y.
Table 4. Results of Logistic Regression on area Other than Ganghwa and Ongjin in Incheon
Variable B SE. p-value EXP(B) Deviance Pr(>chi) DF
Constant -4.925e+00 1.067e+00 3.89e-06*** 0.007
LST 1.631e-01 2.759¢-02 3.28e-09%** 1.177 210.86 <2.2e-16%** 1
over65y 5.560e-02 6.725¢-03 <De-16%** 1.057 433.26 <2.2e-16%** 1
Dist_160 -2.994¢-03 4.622¢-04 9.33e-11%#* 0.997 79.71 <2.2e-16%** 1
Dis_oldhouse -5.975¢e-04 9.428e-05 2.34e-10%** 0.999 67.16 2.499e-16*** 1
AIC 637.13
signifi.codes all variables are 0 “***’
phisq 6.878858¢-170

confusion matix

Accuracy: 0.8941, Kappa: 0.7661, p-value: <2.2e-16
sensitivity: 0.8809, specificity: 0.9007, Balanced accuracy: 0.8908

Table 5. Results of Logistic Regression on Ganghwa and Ongjin area in Incheon

Variable B SHE, p-value EXP(B) Deviance Pr(>chi) DF
Constant -6.99056 0.74422 <Le-16%** 0.0009
LST 0.19033 0.02250 <e-16%** 1.2096 247.840 <2.2e-16*** 1
over65y 0.43628 0.08021 5.34-08*** 1.5469 51.416 7.472e-13*** 1
AIC 699.96
signifi.codes all variables are 0 “***’
phisq 2.2e-16

confusion matix

Accuracy: 0.7898, Kapp: 0.5222, p-value: 0.01124
sensitivity: 0.7709, specificity: 0.8478, Balanced accuracy: 0.8093
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Figure 3. Result of Predicting possible Cooling Centers on Ganghwa and Ongjin area in Incheon
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