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ABSTRACT

In this study, the characteristics of heat wave damage in urban and rural areas in 2018 were analyzed and a heat wave
risk map was prepared through spatial analysis. The study areas were Gurye-gun and Sunchang-gun in rural areas, and
Dobong-gu and Seodawmun-gu in Seoul urban areas. Heat wave vulnerability factors were constructed at the census output
area level. Shadow pattern, sky view factor (SVF), and mean radiant temperature distribution were calculated using
high-resolution geographic information data. On the heat wave risk map, the difference in the control group area was clearly
shown, and heat wave vulnerability factors with high spatial correlation were also different. The occurrence pattern of patients
with heat-related illness was analyzed by region. The number of patients with thermal diseases in Data from the Korea Disease
Control and Prevention Agency (KDCA) and Prevention and the National Health Insurance Service (NHIS) showed a big
difference in the same study area. Detailed analysis of heat wave vulnerability in urban and rural study areas revealed varied
spatial correlation of vulnerability factors, and accordingly, differences in heat wave risk. Detailed heat wave vulnerability
analysis using census output units calculated through this study can inform local government policies for detailed heat wave

management suitable for local conditions in rural and urban areas.
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Fig. 1. Conceptual framework for this study
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Table 1. Data on heat-related patients

Korea Disease Control and Prevention Agency

National Health Insurance Service (NHIS)
(KDCA)

Subject of investigation

About 500 emergency room patients nationwide A hospital patient with health insurance

Classification method

. . . . Diagnostic code contains T67.
Diagnostic code classified as thermal disease . .
3 days without medical treatment

Organization in charge

Si/Gun/Gu, gender, age,

. . date of hospitalization,
Si/Gun/Gu, gender, age, occupation, o
route of hospitalization,
date of occurrence of symptoms, o
. number of days of hospitalization,
time of occurrence of symptoms, .
number of days of medical treatment,
place of occurrence of symptoms, .
. results of medical treatment,
name of heat disease . . .
insurance premiums, occupation,

outdoor work, etc

Data characteristic

Number of patients with emergency thermal disease Total number of patients with thermal disease
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Distribution of the number of days heatwave in the summer of 2018
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Fig. 4. The number of days of heatwave and duration of heatwave in 2018 in Gurye—gun and Sunchang—gun
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Distribution of the number of days heatwave in the summer of 2018
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Fig. 6. Distribution of daily average shadow patterns in Gurye—gun and Sunchang-gun
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Table 2. Calculation method of population ratio in urban areas

Standard Calculation method
- Percentage of the population living in the ‘urban area’ of the use area among the total population
Use area % Urban area : residential, commercial, industrial and green
Rural area : menegement, agriculture and forestry, natural environment conservation area
. . The proportion of the population living in the ‘Eup and Dong’ with an urban form among the total population
Administrative .
L % Urban area : eup, dong
district
Rural area : myeon

Natural Environment
r Conservation Area
ety -

a

Agricultural and
forestry areas

Management area
.

Fig. 10. Shape file of natural environment conservation area, agriculture and forestry area, and management

area
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Fig. 12. Location and number of cooling centers
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Access to cooling centers in Gurye and Sunchang

Access to local medical institutions in Gurye and Sunchang
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Fig. 13. Access to cooling centers
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Fig. 14. Access to local medical institutions
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Table 3. Moran’s index for each heat wave vulnerability factor in Gurye and Sunchang
(Moran’s index is grater than 0.5 written in bold)
Hazard Exposure
Gurye Sunchang Gurye Sunchang
0.526 0.402 0.192 0.427
Heat wave days (p-value 0.000000) (p-value 0.000001) Infant population (p-value 0.000008) (p-value 0.000000)
Clustered Clustered Clustered Clustered
. 0.591 0.017 0.242 0.475
Duration of .
heat (p-value 0.000000) (p-value 0.454450) |Elderly population (p-value 0.000000) (p-value 0.000000)
eatwave
Clustered Random Clustered Clustered
0.704 0.437 0.601 0.265
Tropical night days| (p-value 0.000000) (p-value 0.000000) |Population density | (p-value 0.000000) (p-value 0.001243)
Clustered Clustered Clustered Clustered
0.383 0.739 0.167 0.580
Shadow value (p-value 0.000000) (p-value 0.000000) Average age (p-value 0.000081) (p-value 0.000000)
Clustered Clustered Clustered Clustered
0.036 0.703 0.254 0.457
Sky view factor (p-value 0.236856) (p-value 0.000000) Aging index (p-value 0.000000) (p-value 0.000000)
Random Clustered Clustered Clustered
Vulnerability
0008 0510 S ¢ fee f 0.189 0.493
upport fee for
Number of old ' S1 PP (p-value 0.000011) (p-value 0.000000)
N (p-value 0.556152) (p-value 0.000000) the elderly
ouses
Random Clustered Clustered Clustered
. 0.077 0.044 . 0.057 0.050
Number of nursing Agriculture
(p-value 0.036171) (p-value 0.467206) . (p-value 0.401805) (p-value 0.392016)
homes population
Clustered Random Random Random
0.696 1.155 0.064 0.177
Access to local .
. . (p-value 0.000000) (p-value 0.000000) Hypertensive (p-value 0.076282) (p-value 0.026834)
medical institutions
Clustered Clustered Clustered Clustered
0.180 0.738 -0.035 -0.064
Grade of old houses| (p-value 0.000026) (p-value 0.000000) Diabetes (p-value 0.756316) (p-value 0.594331)
Clustered Clustered Random Random
0.992 1.448 0.008 -0.015
Urbanization rate (p-value 0.000000) (p-value 0.000000) Hyperlipidemia (p-value 0.550881) (p-value 0.974844)
Clustered Clustered Random Random
Number of people 0.584 0.790 0.102 0.359
available to use the| (P-value 0.000000) (p-value 0.000000) Cancer (p-value 0.010034) (p-value 0.000019)
cooling center Clustered Clustered Clustered Clustered
. 0.557 1.080 0.753 1.104
Access to cooling . .
. (p-value 0.000000) (p-value 0.000000) | Cardiac infarction (p-value 0.000000) (p-value 0.000000)
center
Clustered Clustered Clustered Clustered
0.230 0.651

il

o

s

- Clustered

Spatial Autocorrelation (Global Moran's 1) - ArcGIS 10.3

Stroke

(p-value 0.000000)

(p-value 0.000000)

Clustered

Clustered
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Table 4. Moran’s index for each heat wave vulnerability factor in Dobong and Seodaemun

(Moran’s index is grater than 0.5 written in bold)

Hazard Exposure
Dobong Seodaemun Dobong Seodaemun
0.386 0.694 0.032 0.264
Heat wave days (p-value 0.000000) (p-value 0.000000) Infant population (p-value 0.000000) (p-value 0.000000)
Clustered Clustered Clustered Clustered
. 0.535 0.656 0.108 0.244
Duration of .
heat (p-value 0.000000) (p-value 0.454450) | Elderly population (p-value 0.000000) (p-value 0.000000)
eatwave
Clustered Random Clustered Clustered
0.409 0.140 0.051 0.204
Tropical night days (p-value 0.000000) (p-value 0.000000) | Population density (p-value 0.000000) (p-value 0.000000)
Clustered Clustered Clustered Clustered
0.552 0.128 0.143 0.318
Shadow value (p-value 0.000000) (p-value 0.000000) Average age (p-value 0.000000) (p-value 0.000000)
Clustered Clustered Clustered Clustered
0.178 0.422 0.151 0.239
Sky view factor (p-value 0.000000) (p-value 0.000000) Aging index (p-value 0.000000) (p-value 0.000000)
Clustered Clustered Clustered Clustered
0.136 0.418
Sky view factor | (p-value 0.000000) | (p-value 0.000000) | Support fee for 0.155 0.296
(p-value 0.000000) (p-value 0.000000)
Clustered Clustered the elderly
Vulnerability Clustered Clustered
0.155 0.200 0.217 0.330
Number of old .
b (p-value 0.000000) (p-value 0.000000) Hypertensive (p-value 0.000000) (p-value 0.000000)
ouses
Clustered Clustered Clustered Clustered
) 0.009 0.066 0.191 0.314
Number of nursing .
b (p-value 0.000000) (p-value 0.000000) Diabetes (p-value 0.000000) (p-value 0.000000)
omes
Clustered Clustered Clustered Clustered
0.144 0.432 0.174 0.358
Access to local o .
. L (p-value 0.000000) (p-value 0.000000) Hyperlipidemia (p-value 0.000000) (p-value 0.000000)
medical institutions
Clustered Clustered Clustered Clustered
0.267 0.556 0.131 0.289
Grade of old houses| (p-value 0.000000) (p-value 0.000000) Cancer (p-value 0.000000) (p-value 0.000000)
Clustered Clustered Clustered Clustered
Number of people -0.002 -0.016 0.085 0.189
available to use the | (p-value 0.000000) (p-value 0.000000) | Cardiac infarction (p-value 0.000000) (p-value 0.000000)
cooling center Random Random Clustered Clustered
. 0.145 0.455 0.124 0.268
Access to cooling
. (p-value 0.000000) (p-value 0.000000) Stroke (p-value 0.000000) (p-value 0.000000)
center
Clustered Clustered Clustered Clustered

il

o

s

Clustered

Spatial Autocorrelation (Global Moran's 1) - ArcGIS 10.3
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(a) Map of heatwave of risk in Gurye 7 (b) Map of heatwave risk in Sunchang

(c) Map of heatwave of risk in Dobong (d) Map of heatwave risk in Seodaemun

Fig. 15. Map of heatwave risk in (a) Gurye, (b) Sunchang, (c) Dobong, (d) Seadaemun

3.3. 7|21} NZ7|&d 2GRS} Wil EM Table 5. Disease codes for KDCA and NHIS

Disease code

HRUAGEHASHNHIS) O] 59 AFDBE Al&L->
LA 9, A, e B ZYehH, Ay

KDCA(6) NHIS(8)
AHKDCAS] LRHIBPAAA AR GFY g @ [ e T e e

< Aot 27 2ol et & YERdth T671 Heat syncope T672 Heat cramp
ATy 2LEAFAAAE Adge] 2Edgoz T672 Heat cramp T673 Heat exhaustion due to
BELT, & AR Uyo] LtEEHD A7Edaaach T673, 674, 675 Heat dehydration
9’] Eq.%_—ag Sl ZDB:= % 87}X] o9 ;g;—__]_tg o= L]‘l,—_ 01 7 exhaustion, T674 Heat exhaustion due to salt loss
2} (Table 5). T670 (% /\].Bd) T671 (% A /l]) T672 (%75 anhydrotic T675 Heat. exhaustion of unknown
ﬁ) 220 eoluslon HEgn Lhux AgjHo T677 Heat oedema details

== T678, T679 Other effects of | T676 Transient heat exhaustion

2 AT 234d%oz ERHEL heat and light T677 Heat oedema

Table 69X = 7|4, LG43 F&d EI-X}’\E H|
ShlTh 3% LAUTC TET@APY) BASL AZE ALk wFF0 B SF A WG Pzl
QETe pelzuc suTol Houk AFBAFS 7 U USE vjun £RTS AGETE vlaw AHg
gzl o Be Aoz AR ol WA A & uehich I3BelH G B4t 2R o B
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Table 6. Number of patients by disease code in urban and rural areas

Disease code KDCA NHIS KDCA NHIS KDCA NHIS KDCA NHIS
T670 T670 T671 T671 T672 T672 T673,4,5 | T673 | T674 | T675
Gurye 8 9 0 0 0 1 4 2 6 1
Sunchang 0 47 1 1 1 1 1 2 0 9
Dobong 14 8 2 1 2 4 73 9 0 34
Seodaemun 7 18 0 1 0 1 3 219 4 27
A, AFRFFEe] DA R AR} EAA Gl TR AfETE AR R Pol
B e, A4 845 AQET O g1 398 sisle A2 17] 29 W = Ao] u]

Adog AZo] oo EQ} 1 T673- S(OﬂEW) QRF—
GAre] A% FelTel o “}OL} A A=A
Ftol o gotow, Tt TE74(FEAA 49}
1) 327t B, SR T675(%H]%E594 )
A7 B2 Aoz e

HIEAA Q] 2 S22 A 2ddeR F
Atz o2 5391 T670(DAMY) SHA19] H]go] &1, =
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Fig. 16. Patients (T670) with daily maximum
temperature and heat-related illness in
Gurye—gun and Sunchang—gun

Number of patients with heat illness

Fig. 17. Patients (T670) with daily minimum
temperature and heat-related illness in
Gurye—gun and Sunchang—gun



2018 GIF TAI2t HIEAIXS

E00bong_T673 MmDobong_T673,4,S(ER) CIDobong_T675 —Dobong_Tmax

Dobong Tmax, T673, T675
0

erature (C)

ir temperature (‘C)
of patients wih heat illness

of M Bz J2TA 24 771

EIDobong_T673 EmDobong |

(ER) CIDobong_T675 —Dobong_Tmir Dobong Tmin, T673, T675
w0

Fig. 18. Patients (T673, T675) with daily maximum
temperature and heat-related illness in
Dobong—-gu and Seodaemun-—gu
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Fig. 19. Patients (T673, T675) with daily minimum
temperature and heat-related illness in
Dobong—gu and Seodaemun-gu
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