"m Check for updates

Journal of Climate Change Research 2024, Vol. 15, No. 3, pp. 355~371
DOI: https://doi.org/10.15531/KSCCR.2024.15.3.355

BEES U MEEX| AT 7|5 E=aol B
TYE =Y WS AYES FMoz
A4Sl - BN YA AN

>
19
0x
HT
_jon
>
Ok
El
4>
=
o
e
0z
0= J
=
J0n
[59)
-
Mo
oY
40
re
-1
0

“MSOEn sEAN RS

Environmental protection, social welfare, and climate resilience:
Addressing heat illness mortality in elderly populations
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ABSTRACT

The phenomena of extreme weather due to climate change and changes in population structure will become important
issues as the elderly population, who are particularly vulnerable to climate change, continues to increase. Recognizing the
damage caused by climate change, it is necessary to enhance the climate resilience of local governments to mitigate and
prevent such damage. Furthermore, efficient allocation of budgets is essential for the establishment of policies and
infrastructure by local governments to improve climate resilience. Accordingly, this research analyzed the relationship
between the reduction of heatwave mortality rates in the elderly population and budgets for social welfare and
environmental protection, as a preemptive response to potential damage related to climate change and demographic changes.
Analyzing ten years of financial, demographic, heat index, and mortality rate data from 227 cities through panel analysis
revealed a positive correlation between higher social welfare and environmental protection budget proportions and improved
climate resilience. This increase in budget proportion had a negative relationship with heatwave mortality rate among the
elderly population, indicating the necessity of increasing the share of these budgets to improve climate resilience. These

results have major implications for policy formulation to address climate change and demographic shifts.

Key words: Social Welfare Budget, Environmental Protection Budgets, Climate Resilience, Heat Illness Mortality, Elderly
Population
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Fig. 1. Temperature change from 1980 ~ 2019

(Left: Average maximum temperature, Right: Number of heatwave days)
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Fig. 2. Population percentage change by scenarios, 2025 ~ 2072

Deaths from respiratory and cardiovascular diseases per thousand elderly people Ratio of elderly population by region (%)
(June-September)

1.336 5542 7.39 39.49

source: author's compilation based on Statistics Korea (2021)
Fig. 3. Heat-related mortality rate and proportion of elderly population by region
*Dokdo was not marked on the map due to a lack of data.
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Table 1. Changes in administrative districts by year

Year Before After

2010 Masan-Si, Changwon-Si, Jinhae-Si Changwon-Si (Integrated)

2012 Dangjin-Gun Dangjin-Si (Promoted)

2013 Yeoju-Gun Yeoju-Si (Promoted)

2014 Cheongju-Si, Cheongwon-Gun Cheongju-Si (Integrated)

2018 Incheon Nam-gu Incheon Michuhol-gu (Changed)

Table 2. Elderly deaths from respiratory & cardiovascular diseases (June—September)

Year 2010 2011 2012 2013

2014

2015 2016 2017 2018 2019

Deaths

17,808 18,022 18,170 18,414

19,094

19,939 21,180 22,241 23,580 23,401

a) This data corresponds to the 227 regions included in the scope of this study.

2) AA A QeTE AT AZFE 22970k, AFERRAA] F9 AR 4719 dlole] FAo12d 79 19 F¥)E As) A9lst
gon, AFEAR L] 4 It BYEol AZHBLATA, AAEA) F 27749 A2TE 7o Hysint.
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o= JEHTh Table 3& 1] JAHNA AT A%
HOE QAo u|X|& JgFo]th(National Weather Service,
[date unknown]).

B AL AR 5 4E WOt 9% oF U 4%
7 AdACR w2 sHEV|E AASIe R, AldTE
ZJ2 ulgddlo] Fx|4E QAT RS TS 4
(D3 ol K (F)et dHSE=RDE &5 A=t
(Steadman, 1979).

Heat hdex =—42.379+2.04901523* 7+10.14333127* RH
—0.22475541* T* RH
=—0.00683783* T* T—0.05481717* RH* RH
+0.00122874* T* T* RH
+0.00085282* T RH* RH
—0.00000199* T* T* RH* RH
T="F
RH= Relative Humidity 0

Table 3. Effect of the heat index
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A2 4 i omad A9 @ g L 55 U
IS B RIS YO E St ol Aetst
of A9 65A 0]” QIS Hl&2 ILSFATH(Table 4).

A, A9 4 5 2o RE E/\l W AT &2
etom Tejve FUNUA vEe ALY F a9l
o] B¢ 7] £3E AFolA =AW I A arE 4
Koz BA5H GAgy A5t ot "etog o3
Hi glomg, £H9 i}iﬁi Ash LA FH
A g Ao ()9 AEE E AR JAdHH
(Park and Cho, 2016; Yang and Heo, 2021; Yoon and
Ahn, 2009). 33 HM4ELS FEILSE 2 BAE 71E
oz Sysigon], P WA gyl vlgw B
kel _9_;]_0111}

7] LAEA HiEAEL A9y FUE9 HETA
9 53774 4 S golog Agsi gr] o
=2 HIESAEE 155 Ao R FAE] o,
71 R Yol wht o2 Zo] FEE 15 AR
2o 7| e IER HAEEO] SHA|7F A7 S0E o]Af, 2&
AFAA-L AZE 205 o]A) 80E w|ql, 3F AFAAL A7

LR S g B

Classification Heat Index

Effect on the body

Caution 80°F—90°F (Around 27-32°C) Fatigue possible with prolonged exposure and/or physical activity
Extreme . . Heat stroke, heat cramps, or heat exhaustion possible with prolonged
. 90°F—103°F (Around 32-41°C) . »
caution exposure and/or physical activity
. . Heat cramps or heat exhaustion likely, and heat stroke possible with
Danger 103°'F—124°F (Around 41-54°C)

prolonged exposure and/or physical activity

Extreme danger 125°F or higher (Around 54C or higher)

Heat stroke highly likely

Source: National Weather Service [date unknown]
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Table 4. Description of variables

Variable Description
b dent Number of heat-related illnesses deaths | (Number of deaths from cardiovascular and respiratory diseases among residents
ependen
p. bl among the elderly population aged 65 and over within the area from June to September) /
variable
(per 1,000 ppl., HID_EP) (Number of registered residents aged 65 and over within the area)*1,000
Social Welfare Budget Ratio(%) (Final net total of social welfare expenditure within the area /
(SW_BR) Final net total of all sector expenditures within the area)*100
Independent - -
R Environmental Protection . . . . L
variable . (Final net total of environmental protection expenditure within the area /
Budget Ratio(%) . . e
Final net total of all sector expenditures within the area)*100
(EP_BR)
Elderly Population Ratio(%) (Number of registered residents aged 65 and over within the area /
(EPR) Total number of registered residents within the area)*100
Park Area Ratio(%) o . . . .
(PAR) (Park area within the region / Total administrative area of the region)*100
Heat Index Calculated based on the average highest temperature (in Fahrenheit) and average
(HI) humidity within the region from June to September.
Number of Air Pollution Emission . . . o .
Control Faciliti (Number of air pollution facilities within the region /
acilities
variable Total number of registered residents within the area)*10,000
(per 10,000 ppl. N_APEF)
Number of Medical Personnel (Number of medical personnel within the region /
(per 1,000 ppl., N_MP) Total number of registered residents within the area)*1,000
Number of annual average population |The population as of July 1st of the specified year utilized as the representative
within the region (POP) population figure for the entire year
Gross Regional Domestic Product The size of a region's economy
(unit: 100 billion, GRDP) (In constant 2015 Korean Won)

2

WA L SEAA D =
QoA 7] ooz gt g
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A WA =L Q7 FRE TSkl Wed
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FEE(Park E, 2012) 9 B 23] Qo] 2009 A
e W 7oz o gurh. B3 =18 4do] tiet A
o 279 ¢ 4= 1)3Fo] E shto BAZ A4
ol ARTHPark K, 2012) F2 H5EHN A 654]
QT Blgo] £ L TS, g Aulie] &
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o ©°
i o R

Journal of Climate Change Research 2024, Vol. 15, No. 3

oF Holth
S XY FH2E vtgdstr] o A9y AGJT S+

A G EAYAHGRDP)S 15kt =2ty H2rt S
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Table 5. Descriptive statistics

sjeio] 20f: DS 2 Mg AYSS FMo= 363

Variable Overall Mean Standard Deviation Min Max
Overall 3.33 0.72 0.90 5.90
HID_EP
N Between 0.55 1.57 4.65
(per 1,000 ppl.) -
Within 0.48 0.92 5.35
Overall 17.65 7.90 5.12 39.41
EPR(%) Between 7.73 6.108 35.69
Within 1.71 12.82 23.20
Overall 28.8 15.03 1.11 65.80
SW_BR(%) Between 14.40 6.74 60.87
Within 441 2.54 40.94
Overall 9.69 4.857 1.630 31.44
EP_BR(%) Between 4.44 2.28 20.21
Within 1.98 -0.42 24.95
Overall 1.04 2.11 0.00 15.36
PAR(%) Between 2.06 0.00 15.35
Within 0.45 -6.51 4.42
Overall 91.7 4.87 74.73 109.22
HI Between 4.10 77.39 102.89
Within 2.64 84.77 98.88
Overall 12.44 15.69 0.00 183.95
N_APEF
- Between 14.23 0.27 86.86
(Per 10,000 ppl.) -
Within 6.68 -38.83 171.19
Overall 6.56 2.86 1.21 31.81
N_MP
- Between 2.82 1.50 28.60
(Per 1,000 ppl.) -
Within 0.47 -0.47 7.47
Overall 222,810.9 216,567.1 9,555.5 1,193,038
POP Between 216,539 10,099.65 1,144,160
Within 14,077.73 126,352.5 413,205
Overall 71.60 92.13 2.22 742.05
GRDP
) o Between 90.89 2.62 595.33
(Unit: 100 billion) -
Within 16.09 -129.57 338.46

a) When calculating within-group variability and GRDP the difference between each observation and the average for each entity is computed.

Accordingly, even if all observations are positive, the minimum value can be negative.

b) Number of annual average population within the region and GRDP transformed into natural logarithm form in analysis models for scaling.
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Table 6. Correlation analysis

|oh
oN
Ofol
1=

Variable EPR SW_BR

HI N_APEF N_MP POP GRDP

Corr 0.37" -0.34™ 0.18

-0.04™ 0.23™ -0.20" 035" -0.28"

a) ""P<0.01, "P<0.05 'P<0.1
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Table 7. Variance inflation factor of variables

Variable VIF Variable VIF
Log (POP) 8.44 PAR (%) 1.42
Log (GRDP) 6.25| N_MP (per 1,000 ppl) 1.42
SW_BR (%) 3.66 | N_APEF (per 10,000 ppl.) | 1.35
EPR (%) 3.41 HI 1.22
EP_BR (%) 1.94 Mean VIF 3.24

2 ARoE ARantE $AT Rl olYn
st oA EAHLDS g A
£ &5 OLS (Pooled OLS), ¥ a¥1d 5]
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4

A, Breusch-Pagan Lagrangian Multiplier (LM)
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Table 8. Results S
o
Two-way fixed effects Two-way random effects
Variable
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
EPR(%) -0.084(0.024)" | -0.093(0.023)"" | -0.085(0.024)™" | -0.097(0.024)™" | 0.016(0.007)" 0.019(0.007)™" 0.015(0.007)"" 0.020(0.007)""
SW_BR(%) -0.011(0.004)™™" - -0.011(0.004)™ | -0.010(0.004)" -0.005(0.003)" - -0.006(0.003)" | -0.008(0.003)"""
EP_BR(%) - -0.010(0.005)" -0.011(0.00)™ | -0.011(0.005)" - -0.005(0.004) 0.009(0.005)" -0.008(0.005)"
PAR(%) -0.058(0.025)” | -0.071(0.025)™" | -0.057(0.025)" | -0.043(0.025)" | -0.043(0.014)™" | -0.052(0.014)™" | -0.045(0.014)"" -0.034(0.014)”
HI 0.002(0.007) 0.0004(0.007) 0.002(0.007) 0.003(0.007) 0.005(0.005) 0.004(0.005) 0.005(0.005) 0.003(0.005)
N_APEF . .
- 0.001(0.002) 0.001(0.002) 0.001(0.002) 0.002(0.002) 0.002(0.001) 0.002(0.001) 0.002(0.001) 0.002 (0.001)
(per 10,000 ppl.)
N_MP . ” . oM
-0.061(0.032) -0.080(0.031) -0.060(0.032) -0.027(0.033) -0.033(0.011) -0.040(0.011) -0.035(0.011) -0.032(0.011) B
(per 1,000 ppl.) los
Log(POP) -1.560(0.337)"" | -1.827(0.331)"" | -1.627(0.338)™" | -1.434(0.341)™" | -0.157(0.072)" -0.216(0.066)"™ -0.150(0.072) | -0.205(0.071)"" oy
Log(GRDP) 0.228(0.129)" 0.270(0.128)" 0.232(0.129)" 1.400(0.344)™" 0.092(0.059) 0.133(0.056)" 0.091(0.059) 0.975(0.164)"" 3|0>|'
MY
[Log(GRDP)J? - - - -0.158(0.043)™ - - - -0.109(0.019)™" :
oy
Intercept 22.650(4.248)™" | 25.896(4.194)" | 23.562(4.267)"" | 19.248(4.414)™" | 4.525(0.823)™" 5.070(0.792)™" 4.560(0.821)"™" 3.719(0.812)™" |;>
Ho
R*(Within) 0.056 0.055 0.058 0.065 0.043 0.041 0.045 0.052 .
ﬁ
R?(Between) 0.196 0.186 0.194 0.158 0.339 0.347 0.335 0.384 01:0
rio
R*(Overall) 0.120 0.114 0.119 0.101 0210 0214 0.209 0.240
F test 7.11(17,2026)™" | 6.88(17,2026)™" | 6.97(18,2025)™" | 7.35(19,2024)""
Wald test 204.58(:(17)™ | 202.60(x*(17))"™" | 208.66(x*(18))™" | 249.80(x*(19)"™"
Chow test 8.10(226,2026)"" | 8.08(226,2026)"" | 8.12(226,2025)™" | 7.62(226,2024)
Breusch-Pagan gy e g g A ST gy
1653.59(*(1)) 1664.29(x*(1)) 1635.63(y*(1)) 1515.76(*(1))
LM test
Hausman test 37.58(x(8)™ | 34.74(:*(8)" | 41.00(x%(9))"" |36.35 (x2(10)™"

a) Standard errors and degree of freedom are in parentheses

b) ""P<0.01, "P<0.05 "P<0.1

c) The Hausman test for Model 1 shows the test results compared with Model 5, the Hausman test for Model 2 is compared with Model 6, the Hausman test for Model 3 is
compared with Model 7, and the Hausman test for Model 4 is compared with Model 8.
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