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Patterns of Strong Heat Waves within the Seoul Metropolitan Area and Its
Impacts on Elderly Mortality Based on the Last 100 Year Observations
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Abstract : In this study, trends of heat waves in the populous Seoul metropolitan area over the last 100 years (1908-
2007) and spatio-temporal patterns of extreme heat waves and excessive human mortality are examined. In spite of
recent global warming, there is no observable increasing or decreasing pattern in the frequency and intensity of heat
waves in Seoul due to increases of summer precipitation. Among numerous episodes over the last 100 years in Seoul,
1994 summer is recognized as the unprecedented, most extreme hot episode with long-lasting, intense heat waves.
Meteorological data observed at the Automatic Weather Stations (AWS) and land surface temperature data derived from
Landsat TM satellite imagery in July 1994 reveal that extreme heat waves cause more abnormal increase of elderly
mortality in the urbanized areas than in the surroundings covered with more vegetation. This study provides
bioclimatological evidences of why urban thermal environments should be seriously considered in the future urban
revitalization planning.
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Table 1. Definitions of heat waves in Korea (adopted from Choi (2006)).
sto| it Ho|(XTR(2006)2 £2 M XL).

Categories of heat waves Daily Maximum Heat Index (DMHI) Duration Excessive mortality*
Heat wave days 35.5°C < DMHI < 38.5°C 14
Strong heat wave days 38.5°C < DMHI < 41.5°C 3 days 92
Extreme heat wave days 41.5°C < DMHI 203

* per 1 million of baseline elderly (265 years old) population
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Figure 1. Land use derived from Landsat TM imagery (July 26 in 1994) and locations of four Automatic
Weather Stations (AWS; Yeouido, Seoul National University, Goyang, and Saneung in 1994) and a regular
weather station (Seoul; for the period of 1908-2007) in the Seoul metropolitan area and in the surroundings
in the Republic of Korea. Polygons in the map represent district (called Gu in Korea) boundaries within the
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Figure 2. Inter-annual variations of annual average surface air temperature and annual total
precipitation anomalies (a) and of annual total frequency of heat wave days, strong heat wave days and
extreme heat wave days (b) in Seoul over the last 100 year period (1908-2007). Climatic anomalies are
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ZEth(Figure 4b), £3] 5S00mm ©]5}2] 7
E3t o5 -oll= ot IANIE %]
2, oleet AMES T o152 6~8Y) ¥
w#7)20] 23T ol AEstAY, F& TrewFol
500mm o]st2 TastA 2 Zfoles dutd dAERl

=7H 5 2 A e = 3l

0l

5o

il

1) AlAIE &

10092ke] s} HAel KA delA] 19945 43t
A AR Sl WA, h 58 75
oFsHH(Table 2), 199449] 793
55~38,5C=E A&E= dut
ok BH6.28)0] wlsto] o
4] 52 12902 7Sk, 32 Fo H 1 AA5

Table 2. A summary of 1994 summer (June-August) heat waves and elderly (65 years old or more) mortality

in Seoul. B | 19943 HEA(7~8E) St Laliut L-I(65A| 0]4)

ARt 9F

Strong heat Extreme heat | Total precipitation| Disease-caused
Seoul Heat wave days .
wave days wave days (mm) elderly mortality
July 4 11 1 139.5 1911
1994 | August 8 2 0 2327 1515
Summer (July-August) 12 13 1 372.2 3426
Summer average (1908-2007) 3.2 0.3 0 658.3 2681*
First and
Summer surplus (times) 8.8(3.9) 12.7 (43) e an -303.7 (0.57) 745 (1.3)
last record

* This value is normalized based on the (July 1) elderly population in 1994
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Figure 5. Intra-seasonal variations of daily precipitation, maximum heat index and real time air temperature (a)
and daily heat wave intensity and elderly (=65 years old) mortality (b) in 1994 summer (July-August) in Seoul.
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Figure 6. Comparisons of 1994 summer (July-August) daily maximum (a) and minimum (b) temperatures
between urbanized areas (black symbols with dotted lines; Seoul and Yeouido) in Seoul and rural areas (gray
symbols with solid lines; Goyang and Saneung) in the surroundings. See Figure 1 for locations of these
Automatic Weather Stations (AWS). Discontinuity in lines implies data missing. M2 TA! LH{E(Z2M =3u} o}
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Figure 7. Spatial patterns of land surface temperature (a) and Normalized Difference Vegetation Index (NDVI)
(b) in Seoul and in the surroundings that are extracted from Landsat TM imagery taken on July 26 in 1994.
1994 78 262 Landsat TM {I8SH0lIM FEet M31t 212 X|H9| X|E2=(a)ut FrAlMXle{(b)e| 37t 2XIiH.
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Table 3. A summary of spatial average (Mean), maximum (Max), minimum (Min) land surface temperatures
and the average Normalized Difference Vegetation Index (NDVI) by district (Gu in 2008) in Seoul extracted
from Landsat TM imagery (on July 26 in 1994). The sorting order of data is based on mean land surface
temperature. SD denotes standard deviation. Landsat TM Q{AIGA 1994 78 26)0IA &5 MSA| 2t 7

(2008¢ 7|F)

37 B3, &

|2, 2N 222 S B ARl

Skin temperature (°C) NDVI Skin temperature (°C) NDVI
District (Gu) District (Gu)

Mean Max Min SD Mean Mean | Max Min SD Mean

Yeongdeungpo | 29.55 | 35.39 | 2215 | 128 | -0.04 | Gangseo 27.82 | 3341 | 2258 | 251 0.17
Dongdaemun | 29.36 | 33.01 | 23.88 147 | -0.01 Gangnam 27.81 | 3341 | 23.02 1.82 0.12
Seongdong 2930 | 32601 | 2345 | 142 | -0.03 | Seodaemun 27.77 | 3140 | 23.02 | 191 0.14
Jung 2923 | 3460 | 23.88 | 1.80 | 0.02 | Jungnang 2755 | 3221 | 2258 | 208 | 0.11
Yongsan 2899 | 3618 | 2258 | 179 | 0.06 | Gangdong 2736 | 3099 | 2215 | 1.76 | 0.13
Mapo 2872 | 3201 2258 1.50 0.04 Dobong 27.24 | 34.60 | 23.02 2.48 0.25
Yangcheon 2844 | 3261 | 2345 | 1.67 | 0.07 | Jongno 2719 | 3201 | 2258 | 234 | 023
Songpa 2843 | 3774 | 21.71 | 144 | 0.08 | Nowon 27.04 | 3400 | 23.02 | 230 | 023
Guro 2832 | 3381 | 23.02 | 209 | 0.10 Eunpyeong 2677 | 32061 | 2171 214 0.23
Geumcheon 28.25 | 34.21 | 23.02 | 253 | 0.09 | Gangbuk 2674 | 3221 | 23.02 | 249 | 029
Dongjak 28.22 | 31.80 | 23.02 1.58 0.08 Gwanak 26.62 | 3140 | 22.58 2.19 0.22
Seongbuk 2810 | 3261 | 2345 | 230 | 015 | Seocho 2061 | 3381 | 2258 | 242 | 027
Gwangjin 27.82 | 3180 | 23.02 | 1.69 | 0.07 | Seoul 2776 | 3774 | 2171 | 223 | 0.14

Table 4. Same as Table 3, but for in the surroundings of Seoul. M2 FH X|Ho| Z7t T

E|1, 2K 2=t Hr ALK (LIHE| MR AteR2 Table 3zt SY).

Skin temperature (°C) NDVI
Town (Si)

MEAN MAX MIN STD MEAN

Namyangju 24.08 31.80 20.83 1.48 0.51

Kimpo 24.64 30.58 22.15 1.20 0.47

Hanam 24.78 31.40 21.27 195 0.43

Yangju 24.81 33.01 21.71 1.37 0.47

Goyang-Duckyang 25.45 35.39 22.15 1.83 0.38

Gwacheon 25.55 32.61 21.71 2.03 0.40

Gwangmyung 26.34 36.57 2258 213 0.33

Surroundings 25.09 36.57 20.83 1.71 0.43
BET, T, 2T AR A, ke SA A otz AtjAor YA yephdtt, titE Ao =
BAY, 2Pa G AYeAe A7} 31T ol A At o a5E AL x| oo o= 37t
O] MAHIE Helr}, Yt ZhATE Ao Z2 Bt AFELE251C)7F A& BB AEL5E027.8
e THEE LA o] YRttt o] ol §AF ©)ell Hlgto] oF 27T WrhTable 4), E3F EEHA}
T, BRSPS, S, R S8 SEA e skl e X E2 0] FIBAAE E4(2.2)
AET % XA AREETF 28T ol E of Blgto] A] LR H(1.7)0A4 A o2 AA
o, BbH Azt welet, R 28 52 27T ERdTh Ale A 5 53]t A ofo] A
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Figure 8. Associations between spatial average Normalized Difference Vegetation Index (NDVI) and land
surface temperature derived from Landsat TM imagery (on July 26 in 1994) across the less urbanized
areas in the outskirt (a) and across districts (Gus) within the Seoul metropolitan area (b). **: significant at
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A FAR Y] B FeeiA Btgshe 2 ok
7] w2l *WXWQ AR 5 At A 0] 8t

Table 5. 1994 July elderly (65 years old or more) mortality by district (Gu) in Seoul. Normalized mortality is
calculated based on the average of elderly populations across districts (Gus) (per 20,000 elderly persons).
MEA| ZH 7 1994 78 & LQI(65M| 014) ZEAIYX} (22 Q101 71E HES),

L Elderly Elderly | Normalized o Elderly Elderly Normalized
District (Gu) ; ; . District (Gu) . : .
mortality | population | mortality* mortality | population | mortality*
Seongdong 155 29570 105 Gwanak 88 21075 84
Seocho 91 17742 103 Gangseo 87 20872 83
Jungnang 80 16539 97 Gangdong 84 20681 81
Mapo 94 19781 95 Guro 95 23588 81
Yangcheon 88 18702 94 Seongbuk 94 23926 79
Yeongdungpo 79 16985 93 Dongjak 73 18867 77
Dongdaemun 89 19615 91 Yongsan 54 14860 73
Eunpyeong 95 21674 88 Nowon 94 25897 73
Jung 39 8913 88 Seodaemun 64 17825 72
Dobong 137 31989 86 Songpa 86 26478 05
Gangnam 104 24667 84 Jongno 41 12716 64

Notes: * The sorting order of data is based on the normalized morality.
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