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Abstract

The current standard level of Heat Health Watch Warning System consider both daily maximum temperature
and daily maximum heat index(HI), but current standard could not consider daily maximum HI due to the
difficulties in forecasting when we consider both daily maximum temperature and daily maximum HI and no
considering HI because relative humidity could not observed for some regions. So, Newly established standard
level of Heat Health Watch Warning System is based on daily maximum temperature exceeding 30T for two
consecutive days or daily minimum temperature exceeding 25°C and daily maximum temperature exceeding
30C. These days are called "extreme heat days". On extreme heat days, the standard of extreme heat advisory
is based on daily maximum temperature among exceeding 32.7°C and not exceeding 34.8°C, and extreme heat
warning is based on daily maximum temperature exceeding 34.8°C. ANOVA analysis was carried out using
the data of Scoul Metropolitan City in 1994 to check the robustness of the new standard level of Heat Health
Watch Warning System from this study, in particular for mortality variable. The results reveal that the new

standard specifies excess mortality well, showing significance level of 0.05 in the difference of excess mortality
for each phase.
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Table 1. Misclassification table from data set of forecast and observation for the extreme heat day during July-September,

2007
Observation
Yes No
Forecast Yes A B A+B
of extreme heat day No C D C+Dl
Total
A¥C B+D (A+B+C+D)

Table 2. List of extreme heat days and sites occurred the extreme heat from July to September, 2007

Date Ij?g?gsr Meteorological station
07/18 1 Hapcheon
07/25 4 Daegu, Hapcheon, Jinju, Ulsan
0726 19 Daegu, Geochang, Geoje, Goheung, Gumi, Gwangju,- Hapcheon, Imsil, Jangheung, Jinju,
Miryang, Mmasan, Namhae, Namwon, Sancheong, Suncheon, Uiseong, Ulsan, Yeongcheon
Daegu, Donghae, Gangneung, Geochang, Geoje, Goheung, Gumi, Hapcheon, Jinju, Masan,
07127 21 Miryang, Namhae, Namwon, Pohang, Sancheong, Sokcho, Uiseong, Uljin, Ulsan, Yeongcheon,
Yeongdeok
Daegu, Donghae, Gangneung, Geochang, Geoje, Goheung, Gumi, Gapcheon, Jinju, Masan,
07/28 27 Miryang, Namhae, Namwon, Pohang, Sancheong, Sokcho, Uiseong, Uljin, Ulsan, Yeongcheon,
Yeongdeok
Daegu, Geochang, Geoje, Goheung, Hapcheon, Jangheung, Jinju, Masan, Miryang, Namhae,
07/29 15
Namwon, Sancheong, Suncheon, Wando, Yeongcheon
07/31 2 Hapcheon, Sancheong
Buan, Daegu, Donghae, Gangneung, Geochang, Geumsan, Gwangju, Hapcheon, Jeongeup,
08/01 21 Jeonju, Jinju, Namwon, Pohang, Sancheong, Seogwipo, Suncheon, Uiseong, Uljin, Ulsan,

Yeongcheon, Yeongdeok
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Table 2. Continued
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Date I:Fr:l?:: Meteorological station
Andong, Boeun, Buan, Buyeo, Chungju, Daegu, Daejeon, Donghae, Gangneung, Geochang,
08/02 30 Geumsan, Goheung, Gumi, Gwangju, Hapcheon, Hongcheon, Imsil, Jangheung, Jeongeup,
Jeonju, Jinju, Masan, Miryang, Namwon, Sancheong, Sangju, Suncheon, Uiscong, Yeongcheon,
Yeongdeok
Andong, Buan, Chungju, Daegu, Geochang, Geumsan, Goheung, Gumi, Gwangju, Hapcheon,
08/03 26 Hongcheon, Icheon, Jangheung, Jeongeup, Jeonju, Jinju, Miryang, Mungyeong, Namhae,
Namwon, Sancheong, Sangju, Suncheon, Uiseong, Yeongcheon, Yeongju
Daegu, Geochang, Gumi, Gwangju, Hapcheon, Jeju, Jeongeup, Namwon, Sancheong, Suncheon,
08/04 13 :
Uiseong, Ulsan, Ueongcheon
08/07 1 Jeju
08/08 2 Buan, Jeju
08/09 1 Buan
08/10 9 Buan, Buyeo, Cheongju, Geumsan, Jeonju, Miryang, Pohang, Ulsan, Yeongcheon
Boryeong, Buyeo, Cheongju, Chuncheon, Chungju, Daegu, Daejeon, Dongducheon, Gangneung,
08/11 20 Geumsan, Hapcheon, Hongcheon, Jeongeup, Jeonju, Jinju, Miryang, Uiseong, Wonju,
Yangpyeong, Yeongcheon
08/15 1 Yeongcheon
Andong, Boeun, Buan, Buyeo, Chungju, Daegu, Daejeon, Geochang, Geumsan, Gumi, Gwangju,
08/16 27 Hapcheon, Icheon, Imsil, Jeongeup, Jeonju, Masan, Miryang, Namwon, Pohang, Sangju,
Uiseong, Ulsan, Wonju, Yeongcheon, Yeongdeok, Yeongju
Andong, Boeun, Buan, Buyeo, Chuncheon, Daegu, Geochang, Geoje, Geumsan, Goheung, Gumi,
08/17 35 Gwangju, Hapcheon, Hongcheon, Icheon, Imsil, Jangheung, Jeongeup, Jeonju, Jinju, Masan,
Miryang, Mungyeong, Namhae, Namwon, Sancheong, Sangju, Suncheon, Uiseong, Ulsan,
Yangpyeong, Yeongcheon, Yeongdeok, Yeongju, Yeongwol
08/18 18 Andong, Daegu, Geochang, Geumsan, Goheung, Hapcheon, Imsil, Jeonju, Jinju, Miryang,
Namhae, Namwon, Sancheong, Sangju, Suncheon, Uiseong, Ulsan Yeongcheon
08/19 18 Boeun, Daegu, Geochang, Geumsan, Goheung, Gumi, Hapcheon, Hongcheon, Jeongeup, Jeonju,
Miryang, Mungyeong, Namwon, Pohang, Suncheon, Uiseong, Ulsan, Yeongcheon
Buan, Buyeo, Daegu, Gangneung, Geochang, Geumsan, Haenam, Hapcheon, Miryang, Pohang,
08/20 15 .
Suncheon, Uiseong, Ulsan, Yeongcheon, Yeongdeok
Buan, Daegu, Donghae, Gangneung, Geochang, Geumsan, Gumi, Hapcheon, Jeongeup, Jeonju,
08/21 21 Jinju, Masan, Miryang, Namwon, Pohang, Sancheong, Uiseong, Uljin, Ulsan, Yeongcheon,
Yeongdeok
08/22 2 Hapcheon, Jinju
08/23 6 Buan, Hapcheon, Jeongeup, Miryang, Namwon, Suncheon
Boeun, Buan, Buyeo, Cheonan, Daegu, Geochang, Geumsan, Gumi, Hapcheon, Icheon, Imsil,
08/24 22 Jeongeup, Jeonju, Jinju, Miryang, Namhae, Namwon, Sangju, Suncheon, Tongyeong, Uiseong,
Yeongcheon
Andong, Boeun, Boryeong, Buan, Buyeo, Cheonan, Cheongju, Chungju, Daegu, Daejeon,
Gangneung, Geochang, Geumsan, Gumi, Gunsan, Hapcheon, Hongcheon, Icheon, Imsil,
08/25 41 Jeongeup, Jeonju, Jinju, Masan, Mirvang, Mungyeong, Namhae, Namwon, Pohang, Sancheong,
Sangju, Seoul, Sokcho, Suncheon, Suwon, Uiseong, Ulsan, Wonju, Yangpyeong, Yeongcheon,
Yeongdeok, Yeongju
Buan, Daegu, Donghae, Geochang, Geumsan, Goheung, Gumi, Hapcheon, Jinju, Miryang,
08/26 21 Namhae, Namwon, Pohang, Sancheong, Sangju, Suncheon, Uiseong, Uljin, Ulsan, Yeongcheon,
Yeongdeok
08/27 9 Hapcheon, Jeongeup, Jinju, Masan, Miryang, Namhae, Pohang, Seogwipo, Ulsan
09/20 2 Chungju, Geumsan
09/21 1 Daegu
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Fig. 1. Surface weather charts of (A) 00UTC and (B) 12UTC August 25, 2009.
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Table 3. Distribution of accuracy and sensitivity for releasing the warning during July to September, 2007

Site Observation and forecast of extreme heat day Accuracy Sensitivity
A B C D

Andong 4 9 2 77 0.880 0.308
Baengnyeongdo 0 0 0 92 1.000 0.000
Boeun 5 3 1 83 0.957 0.625
Bongwhoa 0 9 0 83 0.902 0.000
Boryeong 1 8 1 82 0.902 0.111
Buan 7 5 7 73 0.870 0.583
Busan 0 14 0 78 0.848 0.000
Buyeo 5 4 3 80 0.924 0.556
Cheonan 2 6 0 84 0.935 0.250
Cheongju 1 7 2 82 0.902 0.125
Cheorwon 0 3 0 89 0.967 0.000
Chuncheon 1 6 1 84 0.924 0.143
Chungju 2 6 4 80 0.891 0.250
Chupungnycong 0 11 0 81 0.880 0.000
Daegu 13 3 7 69 0.891 0.813
Dacgwallyeong 0 3 0 89 0.967 0.000
Daejeon 2 7 2 81 0.902 0.222
Dongducheon 0 7 0 85 0.924 0.000
Donghae 3 5 3 81 0.913 0.375
Ganghwa 0 0 0 92 1.000 0.000
Gangneung 3 5 5 79 0.891 0.375
Geochang 13 4 4 71 0913 0.765
Geoje 4 12 1 75 0.859 0.250
Geumsan 9 2 6 75 0.913 0.818
Goheung 7 6 3 76 0.902 0.538
Gosan 0 1 0 91 0.989 0.000
Gumi 10 5 3 74 0.913 0.667
Gunsan 1 8 0 83 0913 0.111
Gwangju 6 12 2 72 0.848 0.333
Haenam 1 9 0 82 0.902 0.100
Hapcheon 15 2 9 66 0.880 0.882
Heuksando 0 8 0 84 0913 0.000
Hongcheon 2 5 4 81 0.902 0.286
Icheon 4 4 1 83 0.946 0.500
Imsil 6 6 2 78 0913 0.500
Incheon 0 1 0 91 0.989 0.000
Inje 0 6 0 86 0.935 0.000
Jangheung 6 13 0 73 0.859 0.316
Jangsu 0 6 0 86 0.935 0.000
Jecheon 0 8 0 84 0.913 0.000
Jeju 0 0 3 89 0.967 0.000
Jeongeup 8 5 6 73 0.880 0.615
Jeonju 7 3 5 77 0913 0.700
Jindo 0 10 0 82 0.891 0.000
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Table 3. Continued
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Site (stervatlon an(Ii3 forecast of eé(treme heat d]z;y Accuracy Sensitivity

Jinju 11 6 5 70 0.880 0.647
Masan 9 8 1 74 0.902 0.529
Miryang 15 3 4 70 0.924 0.833
Mokpo 0 18 0 74 0.804 0.000
Mungyeong 2 7 2 81 0.902 0.222
Munsan 7 1 84 0.913 0.000
Nambhae 8 8 2 74 0.891 0.500
Namwon 14 3 3 72 0.935 0.824
Pohang 9 7 2 74 0.902 0.563
Sancheong 10 7 4 71 0.880 0.588
Sangju 6 10 2 74 0.870 0.375
Seogwipo 1 3 2 86 0.946 0.250
Seongsanpo 0 5 0 87 0.946 0.000
Seosan 0 8 0 84 0913 0.000
Seoul 1 6 0 85 0.935 0.143
Sokcho 3 5 0 84 0.946 0.375
Suncheon 13 6 2 71 0.913 0.684
Suwon 1 7 0 84 0.924 0.125
Taebaek 0 8 0 84 0913 0.000
Tongyeong 1 15 0 76 0.837 0.063
Uiseong 12 4 S 71 0.902 0.750
Uljin 4 8 1 79 0.902 0.333
Ulleungdo 0 0 86 0.935 0.000
Ulsan 12 3 4 73 0.924 0.800
Wando 0 10 1 81 0.880 0.000
Wonju 2 6 1 83 0.924 0.250
Yangpyeong 5 1 84 0.935 0.286
Yeongcheon 13 3 7 69 0.891 0.813
Yeongdeok 8 5 2 77 0.924 0.615
Yeongju 2 7 2 81 0.902 0.222
Yeongwol 1 7 0 84 0.924 0.125
Yoesu 1 15 0 76 0.837 0.063
Average 0911 0.304
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Table 4. Correlation coefficients between daily minimum
temperature of lagged day and daily death

Lagged day correlation coefficient (P-value)
0 day 0.40548 (<0.0001)
1 day 0.31900 (0.0001)
2 day 0.30342 (0.0003)
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the extreme heat day

Daily maximum temperature exceeding 30°C for two consecutive days or

Daily minimum temperature exceeding 25°C and daily maximum temperature exceeding 307C or

Daily maximum temperature exceeding 30°C of First day and daily minimum temperature exceeding 25C
of second day and daily maximum temperature exceeding 30C of third day

‘ On extreme heat days

releasing the warning

Advisory

: Daily maximum temperature among exceeding 32.7°C and not exceeding 34.8°C

‘Warning

: Daily maximum temperature exceeding 34.8°C

Fig. 3. The selection process of the extreme heat day and threshold criteria for the extreme heat advisory and warning

system.

Table 5. Correlation coefficients between daily maximum temperature and all death, death of over 65 age in 1994, Seoul

Items

Correlation coefficient (p-value)

All Death

0.77673(0.0001)

Death of over the 65 age

0.72746(0.0001)
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Table 6. Threshold criteria of the excessive heat advisory and warning each types

Threshold criteria
The excessive heat advisory The excessive heat warning
Tunax*(C) Hlna**(T) Tonax*(T) Hlna**(C)
type 1 327 ~ 347 - Over the 34.8 -
type 2 - 322 ~ 405 - Over the 40.6
type 3 327 ~ 347 32 ~ 41 Over the 34.8 Over the 41
Tmae : Daily maximum temperature, Hlpa  : Daily maximum Heat Index.

Table 7. The frequency of releasing the warning and their excess death and mortality rate cach types

Excess death and excess mortality rate(%o)
Frequency of
releasing the Correct
warning Excess death %
Advisory 72 52 72.22
type 1 :
Warning 16 4 25.00
Advisory 206 123 59.71
type 2 -
Warning 18 4 22.22
Advisory 76 57 75.00
type 3 -
Warning 10 4 40.00
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the extreme heat day

TYe

Daily maximum temperature exceeding 30C for-two consecutive days or
Daily minimum temperature exceeding 25°C and daily maximum temperature exceeding 30°C

,‘ On extreme heat days

releasing the warning

Advisory : Daily maximum temperature among exceeding 32.7C and not exceeding 34.8°C

Warning

: Daily maximum temperature exceeding 34.8C

Fig. 4. The final selection process of the extreme heat day and threshold criteria for the excessive heat advisory

and warning system.
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Fig. 5. A regional distribution of extreme heat day occurrence according to the new heat health watch warning system

Korea.
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Fig. 6. A regional distribution of excess death occurrence according to the new heat health watch warning system in

Korea.
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Table 8. Occurrence frequency, excess mortality and it's standard deviation of day for releasing the warning or not.

in 1994, Seoul

Frequency Excess mortality STD
Normally day 96 -3.2664 12.0447
Advisory 16 13.2026 14.7679
Warning 10 41.0503 27.8399
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The ANOVA Procedure

Dependent Yariabie: over_death_pl

Sum of

Source OoF Squares Mean Square F Yalue Pr>=F
Mode| 2 19986. 10441 9943, 05220 49,24 «.0001
Errar 119 24028.97990 201.92420
Corrected Total 121 43915,08431

R-Bquare Coeff VYar Root MSE over_death_pl Mean

0.452831 5625589 14.21000 2.526958
Source OF Anove. SS Mean Square F Vatue Pr>F
tmax_level_1 2 19866. 10441 9943. 05220 49.24 <. 0001

The ANOVA Procedure
Scheffe’s Test for over_death_pl

NOTE: This test controls the Type | experimentwise error rete, but it generaily has a higher Type |l error rate than
ukey's far all pairwise comparisons.

#1pha 0.0
Error Degrees of Freedom 119
Error Mean Square 201.9242

Critical Value of F 3.07243

Comparisons significant at the 0.05 level are indicated by #++,

Difference

tmax_levei_l Between Simultanenus 958

Comparison Means  Confidence Limits
c-b 27.848 13,648 42,047 4+
c-a 44.317 32.612 5B.022 +++
bh-¢c -27.848 -42.047 -13.548 +++
b-a 16.469 6.957 25.981 s
a-C -44.317 -06.022 -32.612 +++
a-b -16.469 -26.981  -B.057 4+

Fig. 7. Comparisons of the excess mortality for normally day, extreme heat advisory and warning day using the ANOVA
procedure in 1994, Seoul.

Table 9. Occurrence frequency, excess mortality and it's standard deviation of day for releasing the warning or not.
in 1994, 1997 and 2004, Seoul

Frequency Excess mortality STD
Normally day 319 1.2798 13.9855
Advisory 34 14.9625 12.3928
Warning 13 33.7982 28.1202
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The ANOVA Procedure

Dependent Variable: over_death_pl

Sum of

Saurce oF Squares Mean Sguare F ¥alue Pr»F
Hode 2 17957.993B9 8978, 99694 42.45 <.0001
Errar 363 76756 . 40741 211.45016
Corrected Total 365 9471440130

R~3quare Coaff Yar Root M3E over_death_pl Mean

0.189602 392, 3858 14.54133 3.705874
Source OF bnova S5 Mean Square F Yaiue Pr>F
tmax_level _1 2 17957.99389 8979.99694 42 .46 <, 0001

The AMMA Procedure

Schetffe's Test for over_death_pl

NOTE: This test controls the Tvpe | experinentwise error rate, but it generally has a higher Type Il error rate than
Tukey's for all pairwise camparisons.

Alpha 0,05
Error Degrees of Freedom 363
Error Mean Saquare 11.4502
Critical Yalue of F 3.02059

Comparisong significent at the 0.05 level are indicated by ++x,

Diff erence
tmas_level_l Setween
Comparison Means
c-b 18.836
c-a 32.518
b-c -18.836 -30.490
b-a 13.683 ?.235
a-c -32.518 -42 B3]
s -h -13.683 -20.13

Sinuitaneous 95%
Conf idence Limits

7.181
22.406

Fig. 8. Comparisons of the excess mortality for normally day, extreme heat advisory and warning day using the ANOVA

procedure in 1994, 1997 and 2004, Seoul.
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