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ABSTRACT

The relationship between the climate and the number of heat-related patients in South Korea was analysed in
this study. The number of the patients was 1,612 during the summer 2011 to 2015 according to the Heat-related
Illness (HRI) surveillance system. The coefficient of determination between the number of the patients and the daily
maximum temperature was higher than that between the number of them and the other elements: the daily
mean/minimum temperature and relative humidity. The thresholds of daily maximum and minimum temperature
in metropolitan cities (MC) were higher than those in regions except for MC (RMC). The higher the maximum and
minimum temperature became, the more frequently the heat-related illness rate was observed. The regional
difference of this rate was that the rate in RMC was higher than that in MC. Prolonged heat wave and tropical
night tended to cause more patients, which continued for 20 days and 31 days of maximum values, respectively.
On the other hand, the relative humidity was not proportional to the number of the patients which was rather

decreasing at over 70% of relative humidity.
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Table 1. Description of climate, patients with heat-related illness, and population data

Climate” Patients with heat-related illness Population™
Source of ASOS Heat-related Illness (HRI) Statistics on residents
data surveillance system by Local Government
Dail i ini Th f pati
Flements aily mean/max1mu1.n/nun1m'ur.n .e number o pﬁtlents The number of population
temperature and relative humidity with heat-related illness
Temporal . .
resolution Daily Daily Yearly
2011 July 1~September 6 (68 days)
2011~2015 2012 June 1~September 6 (98 days)
Period (Monitoring period of 2013 June 2~September 7 (98 days) 2011~2015

HRI surveillance system)

2014 June 1~September 6 (98 days)

2015 May 24~September 5 (105 days)

" http://data.kma.go.kr/
™ Korean Statistical Information Service (http://kosis.kr/)
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Table 2. Minimum, mean, and maximum values of climate elements of each city and province during the monitoring

period
Daily mean Daily maximum Daily minimum Daily relative The number
temperature (C) temperature (C) temperature (C) humidity (%) of patients
.« avg - . avg . avg . avg . avg
(std)” max min (@std) max  min (@std) max  min (std) max  min (@std) max
Seoul 18.7 éii) 31.8 205 (123:) 36.7 14.0 (iii) 287 27.1 (i619 3'.50) 99.8 0.0 (fl'.68) 19.0
Incheon  15.7 (i_;’i) 299 189 (igi) 348 102 (igz) 26,1  44.1 (:‘:814 013) 99.3 0.0 (:8038) 6.0
Daejeon  18.5 (izi) 319 212 (izg) 369 120 (i;g) 274  40.0 (i718 (')'37) 99.9 0.0 (36.25) 3.0
Daegu 17.0 (:2;?) 329 209 (1(3)2) 383 127 (i;(g)) 282 324 (i619 i.98) 979 0.0 (f(;;) 6.0
Ulsan 16.2 (i:;) 33.1 193 (iz(l)) 388 120 (i;i) 28.8  42.0 (13;) 99.8 0.0 (fi.sl) 9.0
Gwangju 183 (igz) 314 205 (iz?) 377 133 (i;Z) 27.6 344 (i714(;.75) 9.9 0.0 (iol.f‘O) 7.0
Busan 16.3 (i;‘j) 30.1 202 (i;?) 350 137 (ﬁg) 28.0 488 (1;?;) 99.6 0.0 (3049) 9.0
Gyeonggi 17.4 (142“21) 303 214 (1233) 369 10.1 (igz) 259 373 (jls 01 6) 9.4 0.0 (:2'90) 14.0
Gangwon  16.2 (i;g) 294 203 (i;g) 343 11.2 (ig(z)) 26.1 349 (ISZ) 95.5 0.0 (f140) 7.0
Chungbuk 16.0 (f;i) 297 203 (1223) 357 10.0 (gz) 262 38.1 (EZ) 944 0.0 (fl'.sl) 11.0
Chungnam 17.7 (i;i) 302 214 (igg) 365 9.8 (32&(3)?)) 26.0 487 (122) 9.6 0.0 (:81 5 4) 11.0
Jeonbuk  17.7 (i;:) 303 208 (izg) 363 102 (igg) 26.0 482 (;/:Zi) 96.0 0.0 (fl '52) 11.0
Jeonnam  16.5 (i;‘;) 294 199 (igé) 353 126 (:2&;2) 262 529 (fgz) 96.0 0.0 (::2'.22) 13.0
Gyeongbuk 15.3 (iz;) 303 199 (iig) 357 102 (EZ)) 257  38.6 (122) 948 0.0 (fli) 10.0
Gyeongnam 15.3 (i;‘z) 299 19.0 (iZ;) 365 116 (igz) 26.1 468 (lgi) 940 0.0 (ilzl 2) 20.0
Jeju 16.5 (i;;) 302 198 (i;g) 342 136 (i;;) 274 575 (:?:6"27) 97.1 0.0 (f039) 8.0

minimum,  average(+standard deviation), maximum.
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Table 3. Change of the number of patients per one million per day and each climate

and RMC with each year
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element in South Korea, MC,

South Korea MC RMC
2011 2012 2013 2014 2015 2011 2012 2013 2014 2015 2011 2012 2013 2014 2015
71~ 61~ 62~ 61~ 524 71~ 61~ 62~ 61~ 524 71~ 61~ 62~ 61~ 524
96 96 97 96 ~95 96 96 97 96 ~95 96 96 97 96 ~95
68 98 98 98 105 68 98 98 98 105 68 98 98 98 105
days days days days days days days days days days days days days days days
;llre oriltmzzhzi ifrieg:y* 0.128 0.197 0.237 0.111 0.195 0.093 0.145 0.139 0.074 0.127 0.158 0.241 0.319 0.140 0.250
Rate of change (%) 535 204 534 766 558 39 466 712 521 324 559 784
Maximum temperature (C) 28.9 289 29.5 27.7 283 28.6 288 29.1 279 283 289 289 295 277 283
Rate of change (%) 003 210 —636 200 100 102 —415 142 014 227 —6I18 213
Minimum temperature (C) 21.8 207 213 198 192 221 215 221 207 202 218 207 212 197 19.1
Rate of change (%) ~519 270 ~7.83 —3.11 -270 255 622 -237 -518 279 —742 —3.07

Relative humidity (%)
Rate of change (%)

—4.92

0.97

0.98

812 774 782 789 759

—3.98

799 758 769 795 752

-514 143 339 =545

813 776 783 789 759

—-464 093 072 —-3.70

" The number of patients per one million per day : ((Total number of patients~Population of each year)~Monitoring period)x10°
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Fig. 1. Change of the number of patients per one million per day and each climate element in (a) South Korea,
(b) MC, and (c) RMC with each year.
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Fig. 2. Piecewise regression between each climate element and the number of heat-related patients of each region.
On the graphs are written each R-squared (R?), threshold (Thr), and regression equation at over Thr.
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Fig. 3. Heat-related iliness rate for daily maximum tem-
perature and (b) daily minimum temperature in
MC (solid line) and RMC (dashed line).
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Table 4. The mean number of days of HW and TN in South Korea, MC, and RMC with each year

2011 2012 2013 2014 2015 S-year mean
South Korea 5.4 133 16.4 5.1 9.5 10.0
HW MC 5.0 14.0 15.6 7.3 8.3 10.0
RMC 5.4 13.2 16.5 49 9.7 10.0
South Korea 5.0 85 12.8 1.9 3.7 6.4
N MC 4.6 15.9 20.2 4.4 7.7 10.6
RMC 5.1 7.8 12.0 1.6 32 59
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