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ABSTRACT

This study used a causal model to determine the factors that could affect the incidence of heat-related illnesses in heat waves.
Through this, the causes of damage caused by heat waves are not simply limited to weather phenomena, but a data-based
perspective is provided to understand the overall impact of heat waves on the human body, ecosystem, socio-economic system,
etc. and the mechanism for the damage. We would like to provide it. For this purpose, this study selected detailed indicators
of the number of heat wave diseases, heat wave meteorological factors, personal factors, environmental factors, disease factors,
and social factors targeting 229 local governments, and constructed a database. In addition, factor analysis was performed to
reduce the large number of detailed indicators, and a regression model was applied to analyze causal relationships with patients
with heat-related illnesses. As a result of applying the regression model, the significance of personal factors, environmental
factors, and social factors was shown, and the explanatory power of the model was only 40.1%. It is necessary to discover
variables that can increase the explanatory power of the model in the future, but management by local governments is necessary
for variables that represent the current explanatory power. The results of this study can be used as a basis for the national
and local governments to establish reasonable heat wave damage reduction measures and can also contribute to the development

of future institutionalization plans and heat wave damage prediction models.

Key words: Heat-Related Illnesses, Local Government, Factor Analysis, Generalized Additive Models (GAM)
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Table 1. Individual variables codes and correlation evaluation
Description of heat wave damage variable
Positive correlation Negative correlation Not significant Variable

Number of heat wave days (EFLS) b7
Number of tropical nights (EtjoFd4) b8
Heat index (@A) bll
Black Globe Temperature Index (S X|<) bl2
Perceived temperature (PT, A7) b5
Weather Daily PTum difference (YA -2}, 201808-201708) bl
() Daily PTu difference (Y&AA|Z-2=2}, 201808-201806) b2
Daily PTuwi difference (YA A 7224}, 201808-201708) b3
Daily Tmax (ZF17]2) b13
Daily average humidity (B d5%) bl4
Daily PTu difference (Y&AA| 2=}, 201808-201706) b4
Daily PTp, range (A2t 201808) bS5
Elderly population rate (I3 A}H]-&) cl
Single-Person HouseholdRate (1Q17F-H]£) c3
Number of leisure and welfare facilities per 1,000 elderly people (:eQHYH 72| A]H<S) c4
Rate of elderly people living alone (57x=Q1H]&) c8
Rate of rural population (5EQAF5H|E) clo
Rate of registered disabled individual (523 ofQlH]S) cll
Rate of basic pension recipients (7] 2AFTHAH) cl4
Rate of basic pension recipients aged 65 or older (6540|472 AFTFAME) cls
Rate of national basic livelihood recipients (Z%17]|ZA&4FA4H]-E) cl6
Individual Rate of national pension regional enrollees reporting income (ZFH1AFAG7IYRAEA TAFH]E) cl9
(@) Rate of under-5 years of age (5A|"]|9HH]&) c2
Health insurance coverage rate (A7JE 3 2-&H|L) c5
Walking practice rate (27]44&) c6
Healthy lifestyle practice rate (A7JAZAHE) c7
Urban population rate (=A]Q0F-H]&) 9
Population density (ATLE) cl2
Home ownership rate (58]4-0-8) cl3
National pension local insured contribution exemption rate (ZH1AFA|H7IAA HH0 JA}=H] L) 20
National pension total insured population rate (ZFHAF & 7IYAS: H|E) cl7
National pension workplace enrollment rate (FHAF AFFZA7IYH]L) cl8
Non-urban area rate (H]TZA|HZH]-E) dl
Vacancy rate (R13H]&) a3
Old housing rate (l=S-F-EH|-E) d4

Access unavailability rate within designated time
Envi—ro;ment center, general hospital, local emergency medical center, emergency room) a2
) Urban area rate (LA|HZAH|E) dz
Number of sports facilities per 1,000 people (ATFHAHYFAZEZASL) d7
Pedestrian-only road area rate (R.PAA-LEZHAH|E) d8
Medical utilization rate within designated time (7]&A|7F U 9J50|&& AFSTH L) do9
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Description of heat wave damage variable

Positive correlation Negative correlation Not significant Variable
Number of parks per 1,000 population (QATHEY FL7N5) ds
Park area per capita (UFLAY THUHZ)- d6
Number of physicians per 1,000 population (QAITFHEG o757 SAQJALS) d19
Number of Hospital Beds per 1,000 population (ATHHE Q&2 7| WA d20
Female obesity body measurements (OJAMH|THE A A1) el2
Hypertension clinic patients rate (YUY B]& el7
Diabetes clinic patients rate (Pl H|-&) el8
Mental illness clinic room population rate (JAIZZQIY H|-E) el9
Nervous system disease rate (A734|A3F H]E) 20
Respiratory system disease rate (257|423t H]&) e2l
Circulatory system disease rate (=87]A|Z3E HE) €22
Digestive system disease rate (4&3}7]AA3 H]-E) e23
Subjective obesity perception rate (F@Z] H|TIOIZ]-&) el
Annual weight control attempt rate (¥7F A|FZEA L) e2

Disease Obsessive-compulsive disorder (OCD) counseling rate (2% FJAAEE) €9

Agh Stress perception rate (AEH A Q1R|E) el4
Alcohol abstinence or abstention attempt rate (2F Ex &3 A= &) e3
Annual high-risk drinking rate among alcohol users (97} FA19] 19ISF8) e4
Annual alcohol-related harm experience rate (F7+SFH AT E) es
Early recognition rate of myocardial infarction symptoms (A3 Z7|5A1A] L) €6
Early recognition rate of stroke symptoms (¥&FZ7|SA01A]&) €7
Counseling rate for stress-related issues (AEH AR HAAIHE) e8
Male obesity rate_body measurements (‘gAH|UHE AIA| A=) ell
Subjective health status awareness rate (533 AZ4F0148) el3
Depression experience rate (=244 3AE) el5
Incidence rate of cognitive impairment (AR ZNEHE) el6
Natural increase rate (AFAS71L) 16
Fiscal autonomy (AAAFx) 13
Emergency Room Visits (S3410]-&2}) f16
Quality of life index (39 & R|$)D fl
Population decline risk index (AB Y A|4)2 7
Nutrition label comprehension rate (P UHEA] =3&) 3
Nutrition label utilization rate (FFHEA] EEE) 4

Society N o

A3l Population growth rate (ATZ7H) f5
Fiscal independence (MAAIHE) )
Proportion of social welfare budget in general accounts (A}S]E-X|d|AHH]Z) f10
Proportion of public administration budget in general accounts (Y¥3|A| & TF3PAAAHH]E) f11
Employee rate in health and social welfare services (7 E AS|ER|ALY FARH]E) f12
Rate of health and social welfare enterprises (27 2 AFS]EZ]AIAA H]-L) f13
Number of cultural infrastructure facilities per 100,000 population (109F34 E3}7|HEA A4 14
Annual healthcare facility utilization rate (AZFE 77| o]&&) f15

1) Quality of life index (42] & X|42) : EQ-5D A=A, A7 49 Aol izt 57FA] A9 71&AAE S @ 19 7S
BEESL S A ool
2) Population decline risk index (ABYHFAF) : T 20 ~39A4] oA AFLE Tt 654 o]Af AFZ Uro] W X4 1.5 ojAfolH AF 9Fo]

[¢) Z]
WS W, 0.5 Hgteld £ gido] B ke
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Table 2. Calsssified heat-related disease codes applied in this study (KCD-8th revision)

Code Classification Main symptoms
Central nervous system dysfunction (unconsciousness/coma)
Heatstroke and sunstroke .
T67.0 (AP Dry and hot skin due to lack of sweat
° Severe headache, chills, tachycardia, tachypnea, low blood pressure
_— Heat syncope Fainting (temporary loss of consciousness)
. (44D Dizziness
T67.2 Heal cramp Muscl (should legs, abd fingers)
. uscle cramps (shoulders, arms, legs, abdomen, fingers
(E49)
Body temperature is normal or elevated (<40T)
T67.3 . . Sweating a lot (excessive sweating)
Heat exhaustion, anhydrotic .
T67.4 (e Extreme helplessness and fatigue
T67.5 == Paleness, muscle cramps
nausea or vomiting
Heat oedema .
T67.7 (@) Swelling of the hands, feet or ankles
T67.8 Other effects of heat and light Other effects of heat and light
T67.9 (71hH Effects of heat and light, unspecified
2.1.2. 38K 2.2. 24 Wy
=R A =71 St &ZJ\_ J:. A t}o j— - =
2 Aol A IR} Sh= T Al @il Table 32 £ 15 2R T30 Egusarg gol
A sk £ TEe HFAUT WY FA T gwy gzmo) o9n 992 Hojxch T AA

Folth. FHEEFTTHE 20029 o] % 7}?:1%}4 A K
A8, A5UY, 47334, J95gd9, =AF718F WY
< DBE 75311 tt. @At #EATE At
DB o]&o| 7}55kAgt 1 37|17} uj$- Hfsle] o] &%}
7h 3 Wo] ARl HolgEAANA BARA s
zZAslo] g 9l o BT & 9 g e slEdok
skt 2 AfolA= o] ARAE ol &d AT &9
o] 18Hg F £ Hoi*t 5 HAstL FEUSE 14
sttt WEF AT DB A= 2297 Al+E 2=
g &0] ICD-10 T67 ZE7} 7|2Hth T67L g 4 4]
FF = 2 A AP LGAPH(T67.0), SAA(T67.1),
A HA(T67.2), B4 FER(T67.3)S &5kl (Table
2), 7/N7h9 2FARAE 549 Aol w2t 44, #
Ao g 7|&8t3 9tk B o= 20109 ~ 20209
o] 6¥ ~8Y ¢ T AP S ZETH 5
E% 2EHEA} FE(T67x)E FE010] 22971 Al
kg F SxE JAAS SEHSE A5l

A3 A= 24740 £43 (78, AN, % 5)7F Hdste,
o]t o] A o|1L ARl A7|& 03} 1 Afo]&E H3ES)
Al 23S FHSATHA 1). L8 (2i0) 0, 2L

(Zmax)= 12, BE Ho[EH7E [0, 1] HE Qo 07t

5 Aol AlFFEE 7|8 e AR, HE 5

& AFF(Ee HAY) ToE gHbstal A= Bt 7]

Z A& 37] Z-scoreZ AXFSIATHA] 2). Z-score(z)=

Sho] gh(x)o] 152 Bat(w)oll HiRt el BAE B+t

(9 EEWHXH0)2 &4ttt Z-score’} 00]H Ha-

I FY, I A BEET 1525, 25 #2 ﬂ'-”i‘:}
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Table 3. Representative types and unities applied in this study

Factor Description Units
Elements necessary to indicate certain atmospheric conditions such as temperature, pressure, .
Meteorology . i o . . Number of days, C
humidity, wind direction, wind speed, and precipitation
Findividual Factors that can indicate the characteristics of an individual's body, economy, education, occupation, | Number of people,
individual
etc., such as population and households %, count
. Physical environmental factors such as natural and artificial exposure environments and heat wave
Environment ) . ', %, count
response and adaptation facilities
Disease Types and rates of physical and mental illnesses directly and indirectly related to heat waves Number of people, %
Societ Factors such as social welfare status, activity status, degree of social problem education and | Number of people,
ocie
Y resolution, capital and self-reliance, etc. grade, count, %

B AoAE RS B9 SYES 4EWA (0794), 654 ol ZIRAFSFRN0.713), FRATA Y
24 U o] B8 WA Bu4 flom 2Tt FURSIRH0.684), U7 ZATEIRH0.666), 1207
9$e SHHaES AAsHH. Fod SH¥Heso] 8 70.653), ZAE=RI7H1(0.339) o2 T &8l
Qg olZAT 45 EgHolrt. (E) AL 9.88%, TG 2.1730]9l00), Zahgel

2 (0.819), "FFSAEA(0.787), SHA(658), BHS

AEAE S FAE HeET 22970 A8 19F
B & $ASE SEVMSE ot ade A4, IJALED
Ql, dAE IJAEA, GAM LIPS FL83st & AAAS
(RO)Fto] 2 GAME A8algict. Yutshbg RE(GAMs,
generalized additive models)2 3| AR s o =
HeE Y2 o]&ste= Zo] oy thE 2] AY
AgC g #Aste 7|Holth AFRE 19y o &4}
T 89l s o] vud T BS 8ol
7Feoty, Bd 4% BARS Foln AFY sfAEH
ol7] goiAE YR ES 8o

3.1. H= Fgojs] 2829

A=t iy 818 Ay, Aed 8 8219 +4 A
B2 70.93%3tk 571 291 F AU AgEo] a2l
71 =9ka o]olA ZA(E), 7IAH(W), ZEHD), AFS(S)
+O02 EYTHTable 4). 7HALRI(I) AP (Variance
Explained) 38.97%, 1l--%t(Eigenvalue)2 8.5730]310
o, 18R17+0.932), 7|Z2AFFEAH0.927), SFH<
(0.917), =AHAFG of7HEAA[H(0.824), &=

r

3) 4 FAAZ2E Wskek 20189 89 Bt 4 HAAAZE2E9} 20179 8Y B
4) A HFuAGE ¥k 20189 8 B @ HUADLES 20179 8 B
5) 4 FAAG2E Wste 20189 89 Bt 4 HAAAE2=9 20184 6Y B
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Table 4. Results of factor analysis for 229 local government (shaded area: statistically significant)

Detailed Indicators of Heatwave Damage Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Elderly population rate cl 0.932 0.208 -0.124 0.068 -0.006
Rate of basic pension recipients cl4 0.927 0.213 -0.208 0.064 -0.028
Rate of registered disabled individual cll 0.917 0.174 -0.255 0.074 -0.009
Number of leisure and welfare facilities
c4 0.824 0.147 -0.275 0.012 0.115
per 1,000 elderly people
Rate of rural population cl0 0.794 0.302 -0.137 -0.007 0.096
Rate of basic pension
- . cl5 0.713 0.160 -0.488 0.028 -0.121
Individual recipients aged 65 or older
Rate of national pension regional
. cl9 0.684 0.258 -0.122 -0.153 0.065
enrollees reporting ncome
Rate of national basic
oo . clé 0.666 -0.006 -0.255 0.108 -0.204
livelihood recipients
Single-Person Household Rate c3 0.653 0.232 0.020 0.092 -0.010
Rate of elderly people
. c8 0.339 -0.065 -0.282 -0.157 -0.047
living alone
Access unavailability rate within
. . . di1 0.221 0.819 -0.093 -0.012 0.042
designated time (general hospital)
Access unavailability rate within
. . . . d9 0.051 0.787 -0.123 0.175 0.039
designated time (tertiary general hospital)
Environment
Access unavailability rate within
. . di3 0.457 0.658 -0.027 -0.011 0.058
designated time (emergency room)
Access unavailability rate within designated
. . . d1o 0.450 0.652 -0.136 0.021 0.033
time (regional emergency medical center)
Daily PTy, difference (201808-201708) b3 -0.206 -0.189 0.912 -0.032 -0.014
Weather Daily PT.x difference (201808-201708) bl -0.276 0.001 0.810 -0.102 0.082
Daily PTwmi difference (201808-201806) b4 -0.267 -0.244 0.661 0.064 -0.161
Early recognition rate of
L . €6 -0.002 0.060 -0.008 0.964 0.002
myocardial infarction symptoms
. Early recognition rate of
Disease e7 0.025 0.078 -0.081 0.953 0.034
stroke symptoms
Subjective health status
el3 0.243 0.012 0.187 0.258 0.167
awareness rate
Number of cultural infrastructure
. . f14 -0.063 0.034 0.011 0.035 0.896
facilities per 100,000 population
Society
Annual healthcare facility
o f15 0.013 0.077 -0.032 0.043 0.882
utilization rate
Eigenvalue 8.573 2.173 1.846 1.627 1.384
Variance Explained 38.97% 9.88% 8.39% 7.40% 6.29%
Cumulative Variance Explained 38.97% 48.85% 57.24% 64.63% 70.93%
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Table 5. Heatwave damage factors determined by GAM model

Factor Department Coefficient
Factor 1 Individual 2.325%**
Factor 2 Environment 3.488%*
Factor 3 Weather 1.000
Factor 4 Disease 1.754
Factor 5 Society 1.955%*
Factor 1 Factor 2 Factor 3
- 0 -
60 == - 60 - % ; 60 . R
40 - o 0 0 A0 . ° 40 "

0 0 0% 0
0 & ®
20 © .
)

O I I | I |
-2 -1 0 1 2
Factor 4 Factor 5
60 - v -
o 0 - 60 v, .
40 - @
2 T
o0
20 - o #0 >
0. o o 0

)
oR,
oft
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X
T
I
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>4
it

K}
i)
N
fo

[e]

>,

oﬂ,E

=

Zo 1] 2918 A3t Z-Score”} A
u}
=

ra 3=
o rl ffu mo N
2

F5 SAFo R YIet A
, Al GAM K3 HAY 3H=A
71k EEEA HAEA) Ul S0l Al
g & ik 7HA(Factor 1)9] GAME S

A5E

A 7k ekl AL M F35H

7
9 7

factor-specific z—scores and patient incidence rates

i

e
o
Jo o o fa

—_—

TA|(47.5), AIQHE(38.78), AFT(30.47), PUT(32.84),
HAZ(32.63), ZHE(G216) 107] AZTE o=
GAM 1.3 718k 7HQ1, 37, A8l 8.]1 Z-score H] 1L A}
Alofl wEbAd] A= 9z A ZJHs) 2 QA F
o ME 2 Z-score7} YTt Table 60]4 gt P>

1 o]AQl Z-scoreS, AT SFL 0~1 AFo]9] Z-score=

HaolZ3 itk 34 (Factor 2)9] GAME 3}, A}S](Factor
5)9] GAME oA L o3t v AdY J|AA] ket H3F
AL 8klEt 4= 9] o1}, 7| AK(Factor 3)°] GAMEE, A3}
(Factor 4)9] GAMRE. @A = B]AY 3]HAQ AFF/dol
24 yedS g1 & Aok i(Factor 1), 23
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Table 6. Z-score values for individuals, environmental, disease, and social factors of the top 10 local-government

with the highest incidence of heat-related illnesses in 2018

Ranking 1 2 3 4 5 6 7 8 9 10
X o X 1o Changnyeon-|Yeongyang-| Jeongseon- [Jeungpyeong-
Local government| Imsil-gun | Taean-gun | Gimje—si |[Boseong-gun/Seogwipo-si| Shinan-gun
gun gun gun gun
Incidence rate per
61.52 52.97 51.33 50.46 47.5 38.78 34.07 32.84 32.63 32.16
10,000 people
cl 1.55 1.04 1.19 1.98 -0.28 1.72 1.05 1.87 0.64 -0.55
cl4 1.63 0.82 1.24 2.05 -0.47 1.97 1.10 1.95 0.48 -0.47
cll 1.78 0.62 1.88 1.72 -0.18 1.74 0.80 1.72 1.03 -0.16
c4 1.53 -0.17 -0.94 -0.93 -0.55 -0.36 1.12 0.39 1.20 0.04
Individual
cl0 1.78 0.53 0.77 0.72 -0.44 1.53 1.02 1.15 0.38 -0.73
cls 1.22 0.33 1.06 1.30 -0.70 1.61 1.00 1.31 0.24 0.07
cl9 1.12 -0.32 2.98 1.02 -0.28 0.30 0.23 1.86 -0.20 -0.32
c8 0.26 -0.13 0.27 0.56 -0.50 0.29 0.54 0.46 0.16 -1.04
di1 -0.22 0.56 -0.36 -0.23 -0.17 3.25 -0.26 431 2.13 -0.36
d9 -0.38 1.68 -0.38 -0.38 3.08 2.15 -0.38 3.08 2.85 -0.38
Environment
di13 0.14 0.90 -0.46 -0.33 1.03 2.86 -0.16 4.03 222 -0.52
d1o -0.23 1.97 -0.57 0.59 0.77 1.55 -0.44 1.97 1.97 -0.66
e6 1.14 -0.89 1.41 -1.43 0.47 0.89 -2.94 2.63 1.67 -0.19
Disease e7 1.25 -0.20 1.73 -0.90 0.20 0.30 -3.30 2.58 1.87 -0.34
el3 1.65 -1.91 -0.93 1.23 -0.13 -0.25 1.17 1.69 0.38 -1.41
f14 0.24 3.26 -0.77 -0.65 -0.11 -0.59 1.14 -0.15 0.07 -0.1
Society
f15 0.07 3.27 -1.00 -0.89 -0.54 -0.89 1.15 1.35 -0.03 0.68
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