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Abstract

Lately extreme weather event is occurring because of the global warming. Especially disaster due to the
extreme heat are increasing but the definition and the standard of the extreme heat is obscure until now. So
this study established the extreme heat standard by using the number of daily deaths. As a result, considering
the climate of the megalopolis using daily maximum heat index and daily maximum temperature was the best
for the standard of the extreme heat. And it showed that extreme heat lasted for 2 days affects the death

toll the most. The regional incidence of the extreme heat is highest at August and July, September and June
is following,
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Difference in {Y) ffom {961 -1 990 average

Fig. 1. Past and future changes in global mean tem-
perature. Global average near-surface temperatures,
1860-July 2003 from 1961 to 1990°.
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Table 1. The absolute definition for extreme heat at the various countries

A government agency

Definition

National Weather
Service in USA

Period of more than three consecutive days of temperature at or above
90.0°F(32.37C)""

Environment Canada

Period of more than three consecutive days of maximum temperature at
or above 32T

France

Period of more than four consecutive days of temperature at or above 30
with maximum temperature above 36T

South Spain

Maximum temperature above 41T

Royal Meteorological Institute
(Netherlands)

At lest 5days with maximum temperature above 25°C of which at least
3 days with maximum temperature above 30C

Table 2. The relative definition for extreme heat in each country

A government agency

Definition

Federal Emergency
Management Agency

Temperatures that hover 10 degrees or more above the average high
temperature for the region

The Republic of

3 days the maximum temperature is S5 degrees higher than the mean

South Africa maximum for the hottest month
Canada Meteorological Conditions brought on by a hot air mass are such that the likelihood of
Administration additional deaths in more than 90 percent
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Table 3. Threshold criteria for releasing hot weather wamings in each country'®

Country

Criteria for releasing the warning

Reference temperature

(D Temperature threshold

England'”

> 30T

Maximum temperature

Czech Republic'?

> 29C(midium heat stress),
> 33C(high heat stress)

Maximum temperature

12)

Maximum temperature for 3

Greece > 38T )
consecutive days
i ture for 4
France > 36T Maximum tempera ure for
consecutive days
Portugal(district of Lisbon)'? > 32C Maximum temperature
: : ' ture fi
China(Shanghai)" > 35¢C Maximum temp crature for 3
consecutive days
Malta" > 40C Maximum temperature
: Maximum temperature
b 12) NS X1 s
Serbia and Montenegro 35C~207C Minimum temperature
Belarus' > 35T Temperature
Latvia'” > 33T Temperature
. = Tda 9 i .
Azerbaijan" > 40C(in more then 30% of the territory), Not specified

> 42C(in one region)

@ Temperature and humidity threshold

Romania'® Temperature humidity index(ITU) >80
ITU=T(°F)-(0.55-0.55xRH/100)x(T(°F)-58)
14) >40.5C(105°F) Maximum and Minimum heat
NWS(USA) >26.7C( 80°F) index for 2 consecutive days
Turkey'? Temperature : >27C and

Relative humidity :

>40%

@ Perceived temperature threshold

Southwestern Germanylz) >26C .Max1mum
perceived temperature

@ WBGT threshold

Japanls) 225°C WBGT
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Table 4. The variables associated with the database of death data and their explanation

Variables Explanation Note
11 : Seoul(SU) 21 : Busan(BS)
Station City 22 : Daegu(DQG) 23 : Incheon(IC)
24 : Gwangju(QGJ) 25 : Daejeon(DJ)
Sex Sex 1 : Male(M) 2 : Female(F)
Year Death year
Month Death month
Day Death day
Hour Death hour
Cause Kind of death 1997~2003 : record
Code 1 ICD 10 code Death by disease (A00 - R99)
00-04 : 1 05-09 : 2
10-14 : 3 15-19 : 4
20-24 : 5 25-29 : 6
30-34 . 7 35-39 : 8
Age Death age 40-44 . 9 45-49 : 10
50-54 : 11 55-59 : 12
60-64 : 13 65-69 : 14
70-74 . 15 75-79 : 16
More than 80 : 17
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Table S. Information of the surface synoptic stations used in this study

Station No. Station Lat.(N) Long(E) H"” m) Hb? (m) ht’(@m) ha’ m) hr (m)
108 Seoul 37°34' 126°58' 86.0 86.2 1.5 10.0 0.5
112 Incheon 37°28' 126°38' 68.9 703 14 14.0 0.5
133 Dagjeon 36°22' 127°22' 68.3 71.5 1.6 22.8 0.6
143 Daegu 35°53" 128°37" 57.6 59.0 1.5 10.0 0.6
156 Gwangju 35°10' 126°54' 70.5 73.7 1.5 17.5 0.6
159 Busan 35°06' 129°02" 69.2 69.9 1.7 17.8 0.6

YH : Height of observation field above mean sea level
“Hb - Height of barometer above mean sea level

“ht Height of thermometer above the ground

“ha : Height of anemometer above the ground

“hr : Height of rain gauge above the ground
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Table 6. Possible impacts of high heat index on human body(After NOAA)

Categories Heat Index(C) Possible symptoms
Caution 267 ~ 32.2 Fatigue with prolonged exposure and physwal act1v1ty )
Extreme 300 ~ 40.6 Sunstroke, Heat cramps and heat exhaustlon w1th prolonged exposure and
caution ' ' physical act1v1ty under these conditions

' Danger 406 ~ 54.5 Sunstroke, heat cramps or heat exhaustlon are llkely Heatstroke with

prolonged exposure and physical activity e
Extr :
xireme Over 54.5 Heatstroke or sunstroke are imminent

danger
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STEP 1
‘Type 1 : daily minimum temperature > 25 C
“Type 2 : daily mean temperature for all periods > 95
Percentlle
Type 3: dally maximum temperature for all perlods >
95™ Percentile

| STEP 2

When we can get one more heat index for a day,
the day is extreme heat day. and air temperature and

relative humidity are more than 27°C, 40% respectively.

{ STEP 3

The day that is satisfied with step 1 and 2 is
continued for two or more consecutive days, we call

the day extreme heat day.

Fig. 2. Procedures for defining a extreme heat day.

Table 7. A correlation coefficient between temperature and heat index of each type and daily mortality of 2-day and

3-day beforechand

: Type 1 Type 2 Type 3
Con t d
seeulive ay TMin HIMax TAve HIMax TMax HIMax
2 days 0.59° 0.55 0.52 045" 0.49° 0.40
3 days 0.40° 0.58 0.54" 0.47" 0.23° 0.41°

*P<0.05
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Table 8. Threshold criteria and reference temperature for verifying the occurrence of extreme heat each case

Case Threshold Reference temperature Note
Case 1-1 30T Maximum temperature England
Case 1-2 32T Maximum temperature Portugal
Case 1-3 33T Maximum temperature Czech Republic
Case 1-4 35T Maximum temperature Belarus
Case 1-5 40°C Maximum temperature Malta
Case 2-1 35C Maximum temperature for 3 consecutive days China
Case 2-2 38T Maximum temperature for 3 consecutive days Greece
Case 3-1 36T Maximum temperature for 4 consecutive days France
Case 4-1 40.5C Maximum Heat index for 3 consecutive days USA
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Table 9. Comparison of observed and forecasted extreme
heat day and ratio of each type or case

Observed | Forecast | Forecast/Observed(%o)
Type 1 26 22 84.62
Type 2 26 23 88.46
Type 3 26 24 92.31
Case 1-1 26 26 100.00
Case 1-2 26 20 76.92
Case 1-3 26 17 65.38
Case -4 26 8 30.77
Case 1-5 26 0 0.00
Case 2-1 26 5 19.23
Case 2-2 26 0 0.00
Case 3-1 26 4 15.38
Case 4-1 26 7 26.92
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Table 10. Misclassification table for the data set of excess mortality for the extreme heat day
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Table 11. Annual occurrence frequency of extreme heat
Seoul Busan Daegu
Year Type 2 Type 3 nggﬁal Type 2 Type 3 T;(;g;al Type 2 Type 3 T;(;pllial
1991 9.0 5.0 3.0 4.0 4.0 40 6.0 0.0 8.0
1992 3.0 0.0 3.0 14.0 9.0 8.0 12.0 16:0 12.0
1993 - 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0
1994 35.0 35.0 34.0 55.0 51.0 44.0 53.0 48.0 42.0
1995 18.0 4.0 15.0 25.0 24.0 16.0 29.0 29.0 23.0
1996 22.0 15.0 13.0 31.0 28.0 24.0 27.0 33.0 16.0
1997 31.0 26.0 15.0 18.0 9.0 11.0 12.0 13.0 9.0
1998 6.0 5.0 2.0 14.0 8.0 12.0 10.0 9.0 9.0
1999 19.0 21.0 8.0 6.0 5.0 7.0 3.0 7.0 7.0
2000 28.0 20.0 12.0 22.0 16.0 22.0 6.0 0.0 14.0
2001 18.0 9.0 12.0 27.0 27.0 27.0 23.0 10.0 31.0
2002 5.0 4.0 4.0 6.0 6.0 6.0 3.0 3.0 10.0
2003 0.0 0.0 1.0 0.0 0.0 1.0 3.0 0.0 2.0
2004 22.0 20.0 13.0 12.0 14.0 4.0 23.0 15.0 15.0
Total 216.0 164.0 135.0 234.0 201.0 187.0 215.0 188.0 198.0
Ave. 15.4 11.7 10.4 16.7 14.4 13.4 15.4 13.4 15.2
Incheon Gwangju Daejeon
Year Type 2 | Type 3 Tigglctal Type 2 | Type 3 T;?g)i;al Type 2 Type 3 ngghial
1991 40 | 0.0 0.0 9.0 4.0 7.0 6.0 - 4.0 5.0
1992 6.0 5.0 1.0 13.0 6.0 15.0 15.0 18.0 10.0
1993 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1994 34.0 31.0 30.0 47.0 43.0 41.0 47.0 43.0 37.0
1995 13.0 | 5.0 13.0 18.0 20.0 24.0 21.0 19.0 15.0
1996 23.0 18.0 7.0 27.0 28.0 17.0 26.0 24.0 14.0
1997 33.0 25.0 11.0 10.0 13.0 13.0 17.0 15.0 8.0
1998 3.0 6.0 2.0 13.0 7.0 17.0 9.0 0.0 7.0
1999 16.0 16.0 3.0 9.0 6.0 7.0 11.0 7.0 - 2.0
2000 29.0 24.0 14.0 13.0 9.0 6.0 11.0 13.0 3.0
2001 17.0 24.0 13.0 20.0 19.0 13.0 14.0 12.0 6.0
2002 8.0 4.0 3.0 10.0 7.0 5.0 8.0 0.0 7.0
2003 0.0 0.0 0.0 0.0 0.0 2.0 3.0 0.0 4.0
2004 17.0 16.0 2.0 23.0 24.0 10.0 24.0 21.0 9.0
Total 203.0 174.0 99.0 212.0 186.0 177.0 212.0 176.0 127.0
Ave. 14.5 12.4 9.0 15.1 13.3 13.6 15.1 12.6 9.8
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Table 12. Monthly occurrence frequency of extreme heat day of each type and each metropolitan city from 1991 to

2004
Seoul Busan Daegu
Month | e 2 | Type 3 Tﬁ;‘f‘l Type 2 | Type 3 ngﬁal Type 2 | Type 3 T‘f’ggﬁal
6 0.3 1.3 0.0 0.0 0.0 0.0 0.0 0.7 0.2
7 6.5 4.5 4.1 5.9 5.2 4.3 9.4 7.4 7.3
8 9.4 7.6 5.4 10.7 9.9 8.3 7.1 6.1 6.2
9 0.3 0.7 0.1 0.9 0.9 0.8 0.5 0.6 0.4
Total 16.4 14.1 9.6 17.4 16.1 13.4 16.9 14.9 14.1
Incheon Gawngju Daejeon
Month Type 2 | Type 3 Tl;gg;al Type 2 Type 3 Tiﬁgﬁal Type 2 Type 3 Tll;(;pl! ial
6 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.6 0.0
7 5.7 4.7 2.6 8.6 7.1 6.7 8.2 6.6 3.0
8 10.3 9.3 4.4 7.9 7.6 5.8 8.4 7.4 3.9
9 0.2 1.1 0.1 0.4 1.0 0.1 0.1 0.4 0.1
Total 16.2 15.1 7.1 16.8 16.3 12.6 16.7 15.0 9.1
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