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Abstract

This study investigates the standard, duration period and excess mortality of extreme heat using the stand-
ardized daily mortality data from 1991 to 2004, establishing a standard threshold Criteria for Heat Health Watch
Warning System in Korea. It ultimately aims to provide the guidance in building up Heat Health Watch
Warning System for Korea by suggesting the standard to quantify thermal stress from heat. The standard thresh-
old Criteria for Heat Health Watch Warning System for Seoul metropolitan city takes into account both daily
maximum temperature and daily maximum heat index(HI) and consists of four phases; caution, extreme caution,
danger, and extreme danger. Extreme caution phase and danger phase are used as the advisory and waming
of extreme heat, respectively. Since the nationwide distribution of the frequency of extreme heat day and the
excess mortality rate shows little difference across regions, the standard threshold Criteria for Heat Health
Watch Warning System for Seoul metropolitan city can be used for other regions.
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Table 1. Recent trends, assessment of human influence on the trend, and projections for extreme weather events for
which there is an observed late 20th century trend(after IPCC, 2007)

Phenomenon and direction of trend

Likelihood that trend
occurred in late 20th century
(Typically post 1960)

Likelihood of a human
contribution to observed
trend

Warmer and fewer cold days and night over
most land areas

Very likely * Likely °

Warmer and more frequent hot days
and night over most land areas

Very likely ° Likely (nights) °
Ty

Warm spells/ Heat waves. Likel More likely

Frequency increases over most land areas Y than not ¢
Heavy precipitation events. .

. . . likel

Frequency(or proportion of total rainfall Likely More likely

from heavy falls) increases over most areas

than not °

Area affected by droughts increases

Likely in many regions

More likely

since 1970s than not
Intense tropical cyclone activity Likely in some regions More likely
increases since 1970 than not ¢
Increased incidence of extreme high sea Likely More likely

level(excludes tsunamis)

than not * f
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Province | Weather station | Site No. Districts
Jongnogu,  Junggu,  Yongsangu, Seongdonggu,  Gwangjingu,
Dongdaemungu, Jungnanggu, seongbukgu, Gangbukgu, Dobonggu,
Seoul Seoul 108 Nowonggu, Funpyeonggu, Seodaemungu, Mapogu, Yangcheongu,
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Jeju
Gosan 185 Bukjeju gun
Seongsanpo 265 Namjeju gun
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Fig. 1. Frequency distribution of the excess mortality
rate(%) occurred at Seoul from June to September
during 14 years(1991-2004).

B IR EC) 0Y BE VEoR AREEE

B ar glon 50%°| o tfREe] 2HAGE ¥l

=& YeE 3low 80% TA] 2HALEE S ¥l

=8 e 542 BelFy gk

2 Atk A9 2o 2HAIEE

Bl &S 65%%} 00%Z HE3A TR ARE A
e, 2k B0 AFeE Ade 57t Hol Bu
7] 50 929 A9E A Bdow A% 2
FAPZE ] Tl 50%0] o)1t 50%E 224 E o Q)
AGQAZ B3 9o 80%0)4Y ) ARTAZ 3}
a3 fEuete) Afol® 50%9 80%E W&
3 FEHo ez 433 448 Yehia
A& & 5 ATk B3 F9E 2BATES B
AE o83t n YomE 7} YA 71Fo] Fka
A ey,

B d7olA= Fig 1614 & MEgo] oj=
BE E99E deplleAd g 23AGEY F
A EXE dolry] 3] SAS 9.19) A4 univariate
B8 AA3tAch Table 3914 & 4 50|, 50
25l AR 2HAFE F4gke] oF 047,
75 B99e @0l 103, 95 2959 2 gol
2632, 7183l 99 E Y59 A gko] 39.000.2 UE}
S olsh e AHAE B3 FHg ool HE
B4REE 2GS TS A H3
039717 RESA AR Ao RS
0~40%u 9] e Holl =5 X3 S &
A
metd JEE 1o U

4y o

LA He A4

A - 7% 2

pite)

4

ofN

- 771

Table 3. Univariate analysis for the excess death rate of
Seoul from 1991 to 2004
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Table 4. Criteria for the excess mortality, daily maximum temperature and daily maximum heat index at each category

of heat health watch waming system

. Excess Type 3 Hlpmax
Categories Index mortality Tuax(C) Hlwax(C)

Caution 1 Less than 0 30.90-32.72 27-32

. 32-41

Extreme caution 2 0-50 32.73-34.82 (41.78)

41-54

Danger 3 50 - 80 34.83-37.09 (41.28)
Extreme danger 4 More than 80 37.10 or higher 54 or higher

Table 5. Misclassification table from data set of the excess mortality each rank of the heat health watch warning system

during (a) 1991-2004 and (b) 2005 in Seoul

(a) 1991-2004 (b) 2005
1 Exc;ss mort;llty - Total : Exc;ss mort3allty ; Total
1 70 107 0 0 177 ] 6 1 0 0 7
271 | 415 0 0] 68.6 50 | 8.33 0 0] 583
5 17 57 3 2 79 5 3 2 0 0 5
Heat 6.59 | 221 1.16 | 0.78 { 30.6 Heat 25 | 16.7 0 0, 41.7
wave 3 0 0 1 1 2 wave 3 0 0 0 0 0
0 0] 039 | 039| 078 0 0 0 0 0
4 0 0 0 0 0 4 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
Total 87 164 4 3 258 Total 9 3 0 0 12
337 | 6361 155 1.16 100 75 25 0 0 100

Accuracy 0.50

Accuracy 0.67
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Table 6. Maximum lead-time for releasing the warning in the European countries surveyed (after WHO, 2004)

Lead-time for the warning

Countries

1 day or less

The Czech Republic, Kazakhstan, The republics of Latvia. Malta.
Serbia. Montenegro, Slovenia. Turkey

1~2 days

Belarus, south-west in Germany, Spain

2~3 days

Israel, Greece, Portugal(Lisbon)
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Forecast
Daily maximum Temp. continue exceeding 30T, Caution
After 3 days forecast Tmax>30.9C, HI>27TC
Previous state forecast continuance, | Extreme
After 2 days forecast Tmax>32.7C, HI>32T caution
In an equal air mass, Danger
After 2 days forecast Tmax>34.8C, HI>41T &
After 12 hours forecast, L] Extreme
Tmax>37.1C, HI>54TC danger
Fig. 2. Configuration of the Korea heat health watch warning system.
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Fig. 3. Distributions of extreme heat day occurrence according to the heat health watch warning system in Korea.
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Fig. S. Distributions of excess mortality occurrence according to the heat health watch waming system in Korea.
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Table 7. The annual total number of extreme heat day which daily maximum temperature is expected to exceed 307C
for two consecutive days at 76 meteorological stations from 1991 to 2004 in Korea
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