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ABSTRACT

Objectives: Elevated temperatures during summer months have been reported since the early 20th century to
be associated with increased daily mortality. However, future death impacts of high temperatures resulting from
climate change could be variously estimated in consideration of the future changes in historical temperature-
mortality relationships, mortality, and population. This study examined the future death burden of high
temperatures resulting from climate change in Seoul over the period of 2001-2040.

Methods: We calculated yearly death burden attributable to high temperatures stemming from climate change
in Seoul from 2001-2040. These future death burdens from high temperature were computed by multiplying
relative risk, temperature, mortality, and population at any future point. To incorporate adaptation, we assumed
future changes in temperature-mortality relationships (i.e. threshold temperatures and slopes), which were
estimated as short-term temperature effects using a Poisson regression model.

Results: The results show that climate change will lead to a substantial increase in summer high temperature-
related death burden in the future, even considering adaptation by the population group. The yearly death burden
attributable to elevated temperatures ranged from approximately 0.7 deaths per 100,000 people in 2001-2010 to
about 1.5 deaths per 100,000 people in Seoul in 2036-2040.

Conclusions: This study suggests that adaptation strategies and communication regarding future health risks
stemming from climate change are necessary for the public and for the political leadership of South Korea.
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Table 1. Characteristic of population, incidence of death, daily death counts, and daily mean temperature in summer
(June-August) in Seoul, 1996-2010

Daily death

Daily mean temperature (°C)

Year Population Incidence Count' Percentile*

™) (per 100,000) (N (SD)) Mean (SD) r— St o
1996 10,195,359 - 84.33 (10.07) 24.23 (2.78) 26.94 27.59 27.75
1997 10,115,549 - 84.99 (10.25) 25.46 (2.91) 27.56 27.85 28.36
1998 10,051,237 - 84.61 (9.63) 23.95 (2.63) 25.59 25.81 26.09
1999 10,035,810 ; 8475 (9.89) 2499 (2.62) 2656 27.15 28.64
2000 10,078,434 - 87.59 (10.46) 25.57 (2.29) 27.53 27.99 28.29
2001 10,087,035 88.45 88.51 (9.23)  24.98 (2.38) 26.61 26.74 27.38
2002 10,041,502 90.11 87.34 (9.97) 2391 (24)5) 25.56 25.85 25.98
2003 10,029,787 88.62 84.28 (9.18)  23.18 (2.17) 2475 25.03 25.24
2004 10,036,241 89.20 86.84 (11.43) 24.73 (2.70) 26.59 27.56 28.34
2005 10,011,324 90.37 85.55(10.84) 24.38 (2.61) 26.16 26.49 27.09
2006 10,035,377 89.75 88.79 (9.86)  24.01 (3.00) 26.51 27.06 27.64
2007 10,042,096 90.90 87.09 (8.33) 24.61 (2.40) 26.42 26.70 27.15
2008 10,081,017 89.99 86.22 (9.98) 24.01 (2.89) 25.79 26.31 27.03
2009 10,103,872 91.06 86.28 (10.46) 24.16 (2.37) 25.77 26.13 26.54
2010 10,050,508 94.49 91.58 (10.74) 25.24 (2.18) 26.69 27.03 27.33

*Incidence is defined as death counts from all non-accidental causes per 100,000 in summer.
"Daily count of all non-accidental deaths in summer.
‘Percentile with daily mean temperature in summer season (June-August).
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Fig. 1. Exposure-response curve for daily mean temperature and daily death counts for all ages, according to definition
of study period in summer (June-August), 1996-2010.
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Table 2. Characteristic of population, incidence of death, and daily mean temperature in summer (June-August) in Seoul,

2011-2040
) Predicted daily mean temperature Predicted daily mean temperature
Population  meidence of from RCP4.5 (°C) from RCP8.5 (°C)
Year death e Ty
N) Percentile Percentile
(per 100,000)  Mean (SD) Mean (SD)

75th  80th  85th 75th  80th  85th
2011 10,026,451 100.6 24.8(2.5) 266 271 273 24.7(3.3) 272 279 283
2012 9,975,881 100.6 25.0(2.0) 264 266 269 26.5(2.2) 28.0 28.7 290
2013 9,991,064 103.0 26.42.4) 28.0 288 29.6 25.7(3.7) 286 295 305
2014 10,007,651 107.8 25.0(2.8) 267 274 278 24.3(2.6) 257 262  26.6
2015 10,025,756 110.2 24.7(3.3) 270 279 287 24.3(2.8) 268 271 276
2016 10,045,964 115.0 24.1(2.2) 25,5 256 260 24.5(2.4) 25.8  26.1  26.7
2017 10,067,865 117.4 25.3(2.5) 272 279  28.1 26.2(2.4) 279 283 292
2018 10,090,341 122.2 25.2(2.2) 268 27.1 273 23.9(2.3) 258 261 264
2019 10,112,903 124.6 25.9(3.7) 282 296 303 24.12.4) 259 264 266
2020 10,135,026 129.4 25.7(2.9) 273 285 288 24.92.7) 26.8 275 281
2021 10,155,783 131.8 26.3(2.7) 289 294  30.1 26.0(3.3) 279 287 296
2022 10,174,608 136.6 24.2(2.6) 26.0 263 268 25.5(2.7) 273 278 282
2023 10,190,727 139.0 24.4(2.7) 265 271 275 26.0(2.6) 278 288 293
2024 10,204,290 143.8 24.6(2.2) 26.0 267 269 26.3(2.5) 279 285 290
2025 10,214,422 146.1 23.8(2.0) 253 256 259 25.7(2.4) 273  27.6 280
2026 10,220,273 150.9 25.7(2.4) 26.7 27.1  28.6 27.7(2.9) 29.8 304 309
2027 10,221,681 153.3 26.0(2.2) 277 282 284 25.4(1.9) 266 267 272
2028 10,218,901 158.1 26.0(2.5) 275 279 288 27.4(2.5) 29.5 300 304
2029 10,212,440 162.9 26.9(2.9) 28.8  30.1 30.7 26.2(2.6) 28.1 282 286
2030 10,202,243 167.7 25.9(2.4) 272 275 283 26.7(2.3) 282 285 288
2031 10,188,328 170.1 26.1(2.2) 278 280 282 26.5(2.4) 283 285 292
2032 10,171,764 174.9 25.0(2.6) 263 269 284 27.0(2.0) 284 28,6 289
2033 10,151,328 179.7 25.5(2.1) 269 273 276 25.8(2.6) 275 28.0 287
2034 10,128,003 184.5 26.1(1.9) 272 276 279 27.7(2.6) 292 295  30.1
2035 10,101,328 189.3 25.4(2.7) 276 279 282 26.0(2.2) 275 280 283
2036 10,072,478 196.5 24.7(2.8) 26,5 27.1 276 26.2(2.6) 282 286 29.1
2037 10,039,852 203.6 25.9(2.6) 277 281 284 26.6(2.4) 28.1 285 291
2038 10,003,809 206.0 25.4(2.5) 271 274 278 25.4(2.1) 266 268 274
2039 9,965,542 2132 24.6(2.6) 263 268 27.1 25.3(3.0) 276 278 28.1
2040 9,924,373 2204 25.3(2.1) 268 270 272 25.7(2.2) 273 275 280

*Incidence is defined as all cause of death in summer season.
Percentile with daily mean temperature for summer season (June-August).
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Table 3. Estimated relative risk in mortality (95% confidence interval) associated with a 1°C increase in temperature
above the thresholds in Seoul, South Korea, according to definitions of threshold (75, 80", and 85" percentile

of daily mean temperature in summer season)

Study 75" percentile* of threshold 80™ percentile* of threshold 85™ percentile* of threshold
period  Threshold ('C) RR* (95% CI)  Threshold (*C) RR (95% CI)  Threshold ()C) RR? (95% CI)
o 1.026 1.029 1.037
96-'10 2631 (1L0171.035) 26.71 (1.018~1.040) 27.29 (1.023~1.051)
o 1.042 1.051 1.064
96-'00 26.83 (1.024~1.060) 27.33 (1.028-1.074) 27.81 (1.034-1.095)
01-05 2591 (1L014-1.042) 26.29 (1.015-1.047) 26.70 (1.016~1.053)
06-'10 2631 1015 26.66 1.o15 27.14 1018

(0.997~1.033)

(0.994~1.036) (0.992~1.045)

*Percentile of daily mean temperatures in summer season (June-August).
"The temperature at which the risk of mortality begins to increase with increasing temperature.

Relative Risk.
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Table 4. Yearly attributable death from high temperature in summer (June-August) in Seoul, from 2001 to 2040,

according to definitions of threshold and slope

Yearly attributable death (N (95% CI))

Fluctuated threshold (80™)*

Fixed threshold (26.71°C) Fluctuated threshold (80")*

Group Year
and slope (RR =1.029) and slope (RR =1.029) and slope (RR=1.051)
from 1996-2010 from 1996-2010 from 1996-2000
Measured 2001-2005 62(39~85) 56(35~76) 109(61~156)
temperature  2006-2010 57(36~77) 55(35~74) 99(56~143)
2011-2015 67(43~92) 131(83~179) 118(66~170)
2016-2020 95(60~130) 192(122~261) 166(93~239)
Predicted 2021-2025 91(58~125) 138(87~188) 160(89~230)
temperature
from RCP4s  2026-2030 154(97~210) 340(216~463) 269(151~387)
2031-2035 126(80~172) 249(158~339) 221(124~318)
2036-2040 153(97~209) 244(154~332) 268(150~386)
2011-2015 94(60~129) 191(121~260) 165(92~237)
_ 2016-2020 91(58~124) 117(74~159) 160(89~229)
Predicted 2021-2025 116(74~159) 294(187~401) 204(114~293)
temperature
from RCPS.5 20262030 113(71~154) 455(289~619) 198(111~285)
2031-2035 138(87~189) 469(298~639) 242(135~348)
2036-2040 142(90~194) 354(224~482) 250(140~359)

*Fluctuated threshold was defined as 80" percentile with daily mean temperature for each summer (June-August) in study period.

o4 20100 947k 55099, 2036~20403] RCP4.5
A7) 2447, RCP8.5 A7 354502 2=}, vh
Ao g ALEES 1996d5E 201087H4] shd
7] dEHF7)2] 80% FFO = Aoy, YA
= ool Me] #HEAQ RRE 1996dFE 2000
A 2] 24 AT 1.0512 AARLS wol A7k 7]
o AbS 20010 2010 3] AZF 100073
2036~2040 3] RCP4.5 17+ 2684, RCP8.5 17+
25007 FAHACE

v.n &

FFI

AT 71T AT 7] /el A
3k
[<]

Wola WrkmA AARE WA shdr] 71
grow % Al BEA 9 7S Q%

wg) s447] 71edsel el ks 3
ARE @A 7] FledseR A% Al
WA A ks 7)Ao 2 0lF] Al Eko)
vehtr] AlFsle dAREE BA7IZPE (A7
7k, 1996~20001, 2001~20051, 2006~2010%1) 3l
T AFe] 7] dHHE ATl HEF 85%, 80%,

J Environ Health Sci 2013: 39(1): 19-31

75% T2 747t A7gste] Wrkinh olefsk 2}
A 717} Bete] 7] 7123502 Qg Ay
BAY FHAFHERARE 2 dAE=o) oA 9]
A AE)ye 7IgHstE Qg v skdr] 71
& Z1ArE Fsket ARSI

B o32o] 19963 RE 20103714 &-47] 714
O 2 Qe AP A BAA e ol F
gk SH7] 710850 Abdel o] foju|g o
Qlojgts Aol dAAgS AT A& &
7] 7R Qg ApREA #AEAde Ad
19967 201097FA] ZHashe 48 E"M =
gk olggt A= AREE sl A 9e o
o|% AL A JeERITHTable 3). I B ﬂ‘Loﬂ
;\1 3}5;7] ]S’_}\]—é. oz o 3]— /\].uhﬂl—xg .»]-E:]/ﬂ ,] /\1—
A 2EY2Z T A g
A &Y, oo B, 8]
32 = Hoowg o AnE
1—;]_2033353941) ———o] 0“017.] E
2 Uk AP gl g ko] 7P
AR At 24 A-g-9] 317

wwg Y s

n
o
N
N
B
r{r

o
e
iR d
)
Lo

pas
(o3
ilo
2
ol
ol
)~

o 4y o & &
o O
f
Y
>
Ll
o
Y

i)

N
—d
N
o
o
oy
[ o

N
e
oz
ofy
o
o l‘
_?L

http://www.kseh.org/



Aol 2Jair FFE WS o= T F e
# Ha and Kim(2012)°] A= 7Hg9] o]
2 HaE S7F 3 A A WA osAE
of HlF S7teh #EE F S-S Ragdy
Ao AAHLe 71EHslz Qs vl k7] 7)
ATk 71AAbge 4 o, vl <let
54 W3HE, A7 R/ AME o MEhE 2
St FAel A RE 64%1177}%14 skd7] 71

Erl-m'l M L o
1?

O:
(¢}
r
r

o

%/\OT—% o] 3]_ /\],u]-ﬁl—/\g _»]-E:]/\-l 76 E]_o‘:};—é—}_}”
28510 2] #-3(adaptation)S 31 QAE]—‘{: Aot}

2 A 3A FH dEAE FeE F9E 7S
HelE gt miE] 7] 7o R Qg AP
A FAL I FAHEAE 71F543S AXFHCH(Table 4).

Z15HstR Ak vl 7] 70d5e] 7oAt
W 3L 7] 7123l ek AT vl
I (sensitivity)oll 93-S S —’F At ol= w
2 A8 WslERY JEhd 91—‘:—131, =5l
7o F7h= Al AaA 2 &
T AT & Fof =11¢] 7§'r°ﬂ =2 AW
A7kl B0yt AL3) A wa) A FAS AT
ol AT 75l H & F Uth?. AF7HA
AFEL A7 7] B +27F dA) et Y
sHA fAE Zeolgtal /MR B Ate WA
AR gk FH o2 v AFEE 54
2A QT Z7] F AT =FskE Qg Apd
£ WsE 2Hsslnh

715Hske] v 5o R Qg sk A
A g0l e Eojof & el AR A
ZQ1 Wislol] mE A ehe] A-golth dubx o
2 AL ko] 159 Wl u-&-§ shke]
AAA L ‘Eﬂi} jJngOE] 55 91‘45 Tk Al EES °ﬂ

0 X

o] 5H 7]&)\]—/\011 2
1—/}55-57) o]:rL;<1p}_4 ol 8kd EAJo ] W3}
Aoleke 7P I NI Be AT
© 0jg) 71 BT AP 2PN 7]
Joo 2 QIR APPEA) o] vedlle oS
spA &S Zleol=ta 7T

715stE QA% vg shdr] 717l Abdd
FA 3} Fst Huang S5
KA

iV

http://www.kseh.org/

T AR BAS 7HD sk Al
A S AREshe WH, 2E|a AAe] 71eAbd
A o] gstel Zlo R A&t WHORA AE
< g Aok ARbEATE? —‘i:‘?ﬂ Al 7]
A FEAdo] HEol ghslEE Ao A ] 33}
A3}t Dessai(2003)2] EL 1 A= 1°C 4
2 v 30dmict UERE R RS 7P lem )
Gosling 5(2009)2] H_L/ﬂl‘— A-g et st
olFd A-go] §le A, A= 2°C s A

T, YA AARE 4°C F59] A5 7P
SN T HAA B AIRE ool 7
o2 Qg AP FAPEE 71871) "st

Sl Aoz 7P

Fig. 2= 3M87] 7174502 sk APgAioA
PALE B AARE o dolA FHEAHEE 71e7])
Hslo| wE A-g /Mde =23 Aojth B A+
oA A-gE mE 710350 = Qg APgAlel 9l
of A= FEElE e 7] dEEd]
& 80% TR AT AARE o) FelA 71
Aeo = Qe AP AU (EE 71€7]) WSt
(AR o] gellr 2] 7] AN 712715 1996~2000
@ E 1996~2010 £41717 A3 E8)E 54
o Z#gro 7 283t} Hajat and Kosatky(2010)
o] RIAE 317 7|45 02 g APEA 9
ALEs #llF A 715l dg ArHTe] A
(tolerance)yS YEM= AT loH, dALE
ool 7oz Qg AlhiA AHEX(EE
71€71) e EAHIE B F=A9 e ARS]A
UGS Gshs Aoz AAPYHO ES Davis &
(2003)2] R YAt Adee] Exjel o)
Sk 9T (sensitivity) JEE UER= ASE AA]

Present

Future

Adaptation

Mortality

_—

Adaptation

Temperature

Fig. 2. Mechanism of adaptation in exposure-response
curve between summer temperature and mortality.

J Environ Health Sci 2013: 39(1): 19-31



28 YRE - BB

g
>

Yearly attributable
burden(per 100,000)
~
=
PR S —

._.
>
.
-
R

I
=

>
=

o
=

Yearly attributable
burden(per 100,000)
- ~
= =

e
>

2001-2005'2006-2010 ' 2011-2015 '2016-2020 ' 2021-2025 '2026-2030 '2031-2035 '2036-2040

Definitions of threshold and Estimated period

Fig. 3. Yearly attributable death burden (95% confidence
interval) from high temperature on death in
summer (June-August) in Seoul, 2001-2040,
according to definitions of threshold (75", 80™
and 85™ percentile of daily mean temperature in
summer season) based on the study period of
1996-2010.

§HE}.6I)

o] AtellA] 71FHSIE Qg w|E 7] 27452
i FHAIE= s F
el 2 & AS BAFE o=
O] Q17 thu] 7|Ape] R =R} nEf £
ol A9l QI tiv] 7oA bte] R ErF A 7
2814 7] wjEolt}. Fig. 38 19963FE 20103
B AREE 317 dHHEH7]2 85%, 80%,
I3 75% TR Al AIRE ol delA
o d¥EHHF/|2 1°C 5o =Z g RR FHUES
223+ RCP4.5 ¥ RCP8.59] W& mg] A& oUd

80%, LTI 75% FEOE AojE Aozt 74
ST AR E Hool wE 7o 20011 T
B 2010 Alelo] HFHoz oF 9 108 ¥
0.7% QFFolu, 2036dFE 2040 Akololl RCP4.5
9 RCP8.5 EFoAl HFdoz oF QA 108 1
F 1.5% BF FE7RA] oF 20l Tk AoE

EPtHFig. 3).

J Environ Health Sci 2013: 39(1): 19-31

vz =
Adursow wee) ] 71edEoR AT Al
e @9 7] 71egsoR AT A
A3 ke ek 5 9k ol st v
7] 71t ARS B APIAS B9 4E
gom, Aesle] wHAT S/} ATAE Wk

A 2§ ARAAE s 33 2
9 Oase Tleds tE A7Hee)

NeAFOR AT YALES] §4 D YALE of
NS BEY )0 B AP BE S 9

2f
FELREGE, VAR A+F, AVdE 78, 2
Y3 ASAEYS AT AFolE 71FHEE Qg
A9 ) 7] 71dE0] A HAES 9] Al

< 200195 2010 <A+ 105 HE F 0.78
olA1 203614 2040 QI 108+ BT <F 1.59
HEAFEZIA of 2l Ax FTAE F UeS B
Zth(Fig. 3).

mlefol] etk thekg Ak S
23R o) Q18,7 , , A
8] AA A #Esk 7hss vge] & dske

rr
J
i

)
2
o
N
N

ot
o
fl
o,
e
2
v
N
=
>
v
AR

PR
dollA 2040371119 AF 1Y) 7|t o =
S Al A E v V3 7, o
T, AMSE S, 2E3 A58 IHTeEA &
F A1) dgol Hgkel 71 5dske] whe A7

B9 o FYe] B8E 5 U2 Roltk,

=

= @R YA g A
F79] Jadl vaIlEHslel Be 24
=
&

212 2 (No. BA2012-10); ¢ 7243 o

http://www.kseh.org/



J1FHslE QI8 IRO| DY MUTE FF 29

10.

11.

12.

13.

14.

I
ror

it}

. Basu R and Samet JM. Relation between elevated

ambient temperature and mortality: a review of the
epidemiologic evidence. Epidemiol Rev. 2002; 24:
190-202.

. Gosling SN, Lowe JA, McGregor GR, et al. Asso-

ciation between elevated atmospheric temperature
and human mortality: a critical review of the liter-
ature. Climatic Change. 2009; 92: 299-341.

. Gover M. Mortality during periods of excessive

temperature. Public Health Rep 1938; 53:
1143

1122-

. Kosatsky T. The 2003 heat wave European heat

waves. Euro Surveill. 2005; 10: 148-149.

. Kysely J and Kim J. Mortality during heat waves in

South Korea, 1991 to 2005: How exceptional was
the 1994 heat wave? Climate Res. 2009; 38: 105-
116.

. Schickele E. Environment and fatal heat stroke: an

analysis of 157 cases occurring in the army in the
U.S. during World War II. Mil Surg. 1947; 100:
235-256

. Stallones RA, Gauld RL, Dodge HJ, Lammers TF.

An epidemiological study of heat injury in army
recruits. A.M.A. Arch Ind Health. 1957; 15: 455-
465

. Intergovernmental Panel on Climate Change. Cli-

mate Change 2007: Impacts, Adaptation and Vul-
nerability. Cambridge, University Press. 2007.
Cambridge, UK

. Luber G and McGeehin M. Climate Change and

Extreme Heat Events. Am J Prev Med. 2008; 35:
429-435.

SHVEATE. IPCC 52k A oig-s 9
o 715 Hs}t AvE] e B4 2011, 2011,
Campbell-Lendrum D, Woodruftf R. 2007. Climate
Change: Quantifying the Health Impact at National
and Local Levels. Geneva: World Health Organiza-
tion.

Costello A, Abbas M, Allen A, Ball S, Bell S, Bel-
lamy R, et al. Managing the health effects of cli-
mate change: Lancet and University College
London Institute for Global Health Commission.
Lancet. 2009; 373(9676): 1693-1733.

Ebi KL, Gamble JL. Summary of a workshop on
the development of health models and scenarios:
strategies for the future. Environ Health Perspect.
2005; 113: 335-338.

Huang C, Vaneckova P, Wang X, FitzGerald G, Guo
Y, Tong S. Constraints and barriers to public health

http://www.kseh.org/

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

. Kinney PL,

adaptation to climate change: a review of the liter-
ature. Am J Prev Med. 2011; 40(2): 183-190.

. WHO. 2009. Protecting Health from Climate

Change: Global Research Priorities. Geneva: World
Health Organization.

Menne B, Ebi KL. 2006. Climate Change and
Adaptation Strategies for Human Health. Darms-
tadt:Steinkopft.

Ebi KL. Healthy people 2100: modeling population
health impacts of climate change. Climatic Change.
2008; 88: 5-19.

Frumkin H, McMichael AJ. Climate change and
public health: thinking, communicating, acting. Am
J Prev Med. 2008; 35: 403-410.

O’Neill MS, Bell ML, Schwartz J.
Approaches for estimating effects of climate change
on heat-related deaths: challenges and opportuni-
ties. Environ Sci Policy. 2008; 11: 87-96.
Donaldson G Govats RS, Keatinge WR, McMichael
Al. Heat- and Cold-related mortality and morbidity
and climate change. In: Expert Group on Climate
Change and Health in the UK, eds. Health Effects
of Climate change in the UK. London, England:
UK Department of Health; 2001: 70-80.
McMichael AJ, Woodruff RE, Whetton P, et al.,
eds. Human Health and Climate Change in oce-
ania: A Risk Assessment 2002. Canberra: Common-
wealth of Australia; 2003.

Dessai S. Heat stress and mortality in Lisbon Part
II. An assessment of the potential impcat of cli-
mate change. Int J Biometeorol. 2003; 48: 37-44.
Hayhoe K, Cayan D, Field CB, et al. Emissions
pathways, climate change, and impacts on Califor-
nia. Proc Natl Acad Sci USA. 2004; 101: 12422-
12427

Gosling SN, McGregor GR, Lowe JA. Climate
change and heat related mortality in six cities Part
2:climate mocel evaluation and projected impacts
form changes in the mean and variability of tem-
perature with climate change. Int J Biometeorol.
2009; 53: 311-51.

Huang C, Barnett AG, Wang X, et al. Projecting
Future Heat-Related Mortality under Climate
Change Scenarios: A Systematic Review. Environ
Health Perspect. 2011; 199: 1681-1690.

u]-xqol =, ]6&45}7]_ 70101] x]‘— thﬂ: 1] x%%

= 1

A ol S5 2005.
oISV 5. el Fpdsle] A EHw),
F3E 2011.

Kim H, Ha J, Park J. High temperature, heat index,
and mortality in 6 major cities in South Korea.

J Environ Health Sci 2013: 39(1): 19-31



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

International Arch Environ Occup Health. 2006; 61:
265-270.

Chung JY, Honda Y, Hong YC, Pan XC, Guo YL,
Kim H. Ambient temperature and mortality: An
international study in four capital cities of East
Asia. Sci Total Environ. 2009; 408: 390-396.

Ha J, Kim H, Hajat S. Effect of previous-winter
mortality on the association between summer tem-
perature and mortality in South Korea. Environ
Health Perspect. 2011; 119: 542-546.

Barnett AG, Tong S, Clements AC. What measure
of temperature is the best predictor of mortality?
Environ Res. 2010; 110: 604-611.

7187 . 715 s Alue] L olsl 9 F-eARIA. 2011.
Bruzzi P, Green SB, Byar DP, et al. Estimating the
population attributable risk for multiple risk factors
using case-control data. Am J Epidemiol. 1985; 122:
904-914.

Voorhees AS, Fann N, Fulcher C, et al. Climate
Change-Related Temperature Impacts on Warm
Season Heat Mortality: A Proof-of-Concept Meth-
odology Using BenMAP. Environ Sci Technol.
2011; 45: 1450-1457.

Armstrong BG, Chalabi Z, Fenn B et al. Associa-
tion of mortality with high temperatures in a tem-
perature climate: England and Wales. J Epidemiol
Comm Health. 2011; 65: 340-345.

de Boor C. A practical Guide to Splines. Springer,
1978, New York.

Armstrong B. Models for the Relationship Between
Ambient Temperature and Daily Mortality. Epidemi-
ology. 2006; 17: 624-631.

Akaike H. Information theory and an extension of
the maximum likelihood principal. In: Petrov BN,
Caski F, editors. Second International Symposium
on Information Theory. Budapest: Akademial
Kiado; 1973. pp, 267. 81.

Honda Y, Kabuto M, Ono M, Uchiyama 1. Deter-
mination of optimum daily maximum temperature
using climate data. Environ Health Prev Med. 2007,
12: 209-216.

McGeehin MA and Mirabelli M. The potential
impact of climate variability and change on temper-
ature-related morbidity and mortality in the United
States. Environ Health Perspect. 2001; 109: 185-
189.

Davis RE, Knappenberger PC, Novicoff WM,
Michaels PJ. Changing heat-related mortality in the
United States. Environ Health Perspect. 2003; 111:
1712-1718.

Davis RE, Knappenberger PC, Novicoff WM,

J Environ Health Sci 2013: 39(1): 19-31

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Michaels PJ. Decadal changes in summer mortality
in U.S. cities. Int J Biometeorol. 2003; 47: 166-175.
Kysel J and Kriz B. Decreased impacts of the 2003
heat waves on mortality in the Czech Republic: an
improved response? Int J Biometeorol. 2008; 52:
733-745.

Centers for Disease and Control and Prevention.
Heat-related illnesses and deaths-United States,
1994-1995. MMWR. 1995; 44: 465-468.

Centers for Disease and Control and Prevention.
Heat-related mortality-Chicago, July 1995. MMWR.
1995; 44: 577-579.

Centers for Disease and Control and Prevention.
Heat-wave-related mortality - Milwaukee, Wiscon-
sin, July 1995. MMWR. 1996; 45: 505-507.
Kilbourne EM, Choi K, Jones TS, Thacker SB.
Risk factors for heatstroke: a case-control study.
JAMA. 1982; 247: 3332-3336.

Rogot E, Sorlie PD, Backlund E. Air-conditioning
and mortality in hot weather. Am J Epidemiol.
1992; 136: 106-116.

Ha J and Kim H. Changes in the association
between summer temperature and mortality in
Seoul, South Korea. Int J Biometeorol. 2012; DOI
10.1007/s00484-012-0580-4.

Kovats RS, Hajat S. Heat stress and public health: a
critical review. Annu Rev Public Health. 2008; 29:
41-55.

O’Neill MS, Ebi KL. Temperature extremes and
health: impacts of climate variability and change in
the United States. J Occup Environ Med. 2009; 51:
13-25.

Hajat S, O’Connor M, Kosatsky T. Health effects of
hot weather: from awareness of risk factors to
effective health protection. Lancet. 2010; 375: 856-
863.

Kalkstein L, Greene J. An evaluation of climate/
mortality relationships in large U.S. cities and the
possible impacts of a climate change. Environ
Health Perspect. 1997; 105: 84-93.

Moseley PL. Mechanisms of heat adaptation: ther-
motolerance and acclimatization. J Lab Clin Med.
1994; 123: 48-52.

O’Neill M, Zanobetti A, Schwartz J. Disparities by
race in heat-related mortality in four US cities: the
role of air conditioning prevalence. J Urban Health.
2005; 82: 191-197.

Kinney PL, O’Neill MS, Bell ML, Schwartz J.
Approaches for estimating effects of climate change
on heat-related deaths: challenges and opportuni-
ties. Environ Sci Policy. 2008; 11: 87-96.

http://www.kseh.org/



J\Eelz olst Mol Oy MURE £ 31

57.

58.

59.

Gosling SN, Lowe JA, McGregor GR, Pelling M,
Malamud BD. Associations between elevated atmo-
spheric temperature and human mortality: a critical
review of the literature. Clim Change. 2008; 92:
299-341.

Dessai S. Heat stress and mortality in Lisbon part
II. An assessment of the potential impacts of cli-
mate change. Int J Biometeorol. 2003; 48: 37-44.
Gosling S, McGregor G, Lowe J. Climate change
and heat-related mortality in six cities Part 2: cli-

http://www.kseh.org/

60.

61.

mate model evaluation and projected impacts from
changes in the mean and variability of temperature
with climate change. Int J Biometeorol. 2009; 53:
31-51.

Hajat S and Kosatky T. Heat-related mortality: a
review and exploration of heterogeneity. J Epide-
miol Comm Health. 2010; 64: 753-760.

Davis RE, Knappenberger PC, Novicoff WM,
Michaels PJ. Decadal changes in summer mortality
in U.S. cities. Int J Biometeorol. 2003; 47: 166-175.

J Environ Health Sci 2013: 39(1): 19-31



