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ABSTRACT

Temperature change has been shown to affect daily mortality even though different analytical methods produce dif-
ferent results. The effect of air pollution on the relationship between the temperature and the mortality is not large,
although differences exist between temperature models. The aim of this study was to examine how the temperature
change affected the daily mortality in Seoul by comparing the results from the temperature model using two study peri-
ods: one from 1994 to 2007 and the other from 1997 to 2007. Generally mean temperature, minimum temperature and
Q10 temperature was derived as an optimal model, even though there are differences between age and cause of death.
The analysis of threshold using total mortalities in all ages from 1994 to 2007 and from 1997 to 2007 showed that the
number of the deaths increased 7.02% (95% CI: 6.06~7.98) and 2.51% (95% CI: 1.83~3.19), respectively as the mean
temperature increased 1°C from a threshold temperature of 27.5°C and 25.7°C respectively. These results indicated that
the temperature has less effect on the number of death than does an extreme heat wave period.

Keywords: temperature, mortality, threshold temperature, air pollution

LM &

IPCC(Intergovernmental Panel on Climate Change)
= AT 37 A T 58] 2dsle] #As T
¢l S AES] Q3 BHo2 dyE 2Ho= ¥
A7 4zt o] H7F BuME BT IPCC 43t
HiXoNE 25 5ol 1°CH Hox Aol 5
7¥sH, oF F7IE Qg AgHA 43 557 4
3k, 2550] SRtk gtk B 4~6°C Hxo
T e, 9 AW EE AAM S 2
2 A% AR FE sl gk 17k
HAEHA AlezdS 98 AutEdel FHEAl H
o, o]Ao] d3 E X9} AAERA] 2EH R
QA= o] Al o]2A e Aotk

%

2o
=
%9

£

rr

Corresponding author : School of Public Health, Seoul
National University

Tel: 82-2-740-8879, Fax: 82-2-745-9104

E-mail : yiseung@snu.ac.kr

20

A 2] 718 A 10047 0.76°C A5l e=d,
A 29hdAFet 4°C A3 Aol vlEhE & 717 F
S Tty vk 749 20417100 e
o] ¢F 1.5°C A=3led 2dsle] Arrl A A9
T+ 3Bk ATk H 7174 (2009)72] Hrol)
2 g9 A A 30del w8 2A7]<]
FZo] Hr|eo AHZRTE 3] =4 Vehton,
Qujjof o Z st dwAprt Hisk= Ao=Z
ERdth o3l | A deE Aelrt
Z AF2dse) TAlgle] EAolt) &, AgAlE
T2dskel TAIsle] gEke sk
RSt TZE A Utk A
WHOQ004)%l] oJapH v BAES
o] o mizsitia deA e, Aerls A
ZF 654 o)’ Q7 A8l Mol A 30d
of uate] oF s A= FUIsE Aoz UERITEY o
Sk AEA] AR BolAd wiigel] AlRle] 7A7Fe] 7]
2glel] @ JIgS whe o=z oA o)F 9

o BT

%



Mgl Tleusiel AR zhel e

S A2 ARE A8 B4 AHE w2 slews
o thgst, H$s] 1% A9e vhAe] viwie] B
ssi

et £ Apelals AeAlE R EAedds
717ke] zpol7h A3 FARY B AX)7]2e] mE
nAE G Bl e Aol BEde sjokel

7} g, .

to 7
<

rH

IL SA7AE W 2

1. SATCHARR|ed @ 7|2t
2 ATNE NSNS A OR Wil
ol§ 7F5d AEE Higo= wcﬂwvﬁ 33

o} g7]9d $Est A o] njx|= 3k more
1999 ~2007A714], B-417]7+ zjolo] We =d Hw
Ate FH ARPZE FEEE 199438 ZFAA
199413 ~20073 714 2 B4 89T},

2. BM X2

1) 7173 E

7VIAEE AEA] 7VERELAAN ST 9 7]
712, Harle, HAA7E ?Jr s, W7
285 olgslth S AIZHE8AIZE, 3AIZE, 1AZE

Ay 71 #5 AB8E ©]83s }04 I 9 10%e0
s 715"—(01?y “Qo0™) 3k 10% sNFshe 71
2(O]F “QL07)yE 78t A ARSIt

2) 7)o s

199994 ~2007d7HA] AgAlollM SA4E 559 ti71e
AEZ@AHA(PM,), °FHEP7E=(S0,), olitshda
NO,), 2F(0y), L2382 (CO)e A7HE B% RS
£ 7 BAdER dd Haad 78 H BFEA o
Z AF3lsled AREEIIE. ol Kim er al.(2004)%

Q0] 7123 o] wrkaL B v 9o
, 0F0] FEE aUIE AMEEHE £ ApelA i
02 dhz 7l Aol ARG B 9% =
AoZ FA=|7] wiEelc).

oHuj:

3) AMARE

19943 ~2007A7kA LA ox WgE RE APt
of tidt AEE TAHLERE FEsl AL, F
AL 5 APEe] 9R1(ICD-10, VO1 Ys9)2 dd A}
Al A oA 24194 Sk Al A5, 65HI o1, 65
A Hutoz M pRaly, Abgelele & Al
S571A H3, ﬁﬁédﬂiﬂ Aoz FE3l FA315T)

o,

A+ 21

3. BA Hpe

YR M3 AporE Gutsl K7} 28 (Generalizes
Additive Model: GAM)S ARg-3led #HE R¥o| A
=5 H7ERAEYL" Dominici ef  al.(2002)')2}
Ramsay er al.(2003)"*199] 946} ol B glo]
HkeHs=7le] AEAdo] o AEE GAM R3] A
&3l EAEPH  bias7} 'ﬂe“g'i‘_h:]u_ slom™, GAM
563.8_ H]D/‘X—] tﬂ-\ﬂJo]_& 7_]- Qo) o] o:lakag :rL@_L
T IO w2 Aelde dnksl Y =Y
(Generalized Linear Model: GLM)S- A-&-3}o] L
7183 Abgel BAE setelgied, 2y 242 B
EZ%+< Deviation SAZOE & 2y I JX%
g QST o/ AR emE 24 By
A7l 5229 Deviation #to] AF A2 FAE Ho|

B Z7kehe Algels, 7k 7R ER wEE X
L% £ Deviation FFe] 7FE e AxU|e RS

APEE fEAe] 2 HARYPCR At

FiEs, I, 47 FA 2 2 §Y 2EE
BE A AL, t71ede 1 JF§ FF
E molslr] 918k 19999~2007A71A12] -Aelgk
L3tk ZF BAWS] smooth functionS Natural
Cubic SplineS ©]8-3l513, RS B3l A=H 34
ALP)S ol&3td “% Change”9} 95% A1 +7¢
(Confidence interval, CIy& (1)¢] ¥H-& o]8-3le] 4t
=3t

% Change=(exp (B)-1)x100 €))

95% Cl=exp((f)-1£1.96xse)

3714 “% Change’s= =9 71 5 7IPHFES
HAG Ad X7 19C ol mhe U AR

o] 2712 Yehln, “se'= ER0AS oju|dit).

. Zx 3 1

]

713k AR 7re] HEAdS dotsb] s A4
o] JA7)e By 2 ZIAPIAE BANTE IX
TE A&

wA t71ed AE FFE7F 7123 Abde] BA et
o] MiXe AEE Tetalr] flstd F AFgslel o
g AA AFelMe] 71223 AZE Table 10 e}
WA 19993~2007d¢] 28 A= AEd, 7]
29e THINUS WE QLo71Le It HF
Yoz AFHoH, q|edS yHIR AU

= Havleo] Apdwe] #A Ade g A R =
Poz et o7|x 7 mFolgh, U ox)7]

Journal of Environmental Health Sciences, Vol. 36(1)



2 SRER

7 & -0

]/\\:!

o

Table 1. Estimates threshold value and percentage change in all-cause mortality count associated with 1°C rise by various
temperature model, 1999-2007 and 1994-2007: All ages group

1999-2007 1994-2007
Temp model Air pollution consideration Air pollution exception Air pollution exception
Threshold % change Threshold % change Threshold % change
°C) (95% CI) “C) (95% CI) °C) (95% CI)
2.65 2.51 7.02
Mean 259 (192-3.37) 25.7 (1.83-3.19) 275 (6.06~7.98)
1.99 1.08 391
Max 30.1 e 26.5 (0.79-136) 311 (331-4.51)
. 1.65 1.46 7.20
Min 20.7 (123.2.08) 19.9 (109-1.83) 244 (6.07-8.33)
2.49 1.17 3.84
Q90 29.8 171317 26.2 (0.84-1.49) 29.8 (3.26~4.42)
1.76 5.94 10.69
Q1o 214 (131~2.20) 20 (3.83~8.06) 4 (9-20~12.19)

J
&

FE:

2 5 A 7P o] w2 BREYoR
5 Deviation SA|3ol 2]sl] A4}
29E FEEIE W H7)R 259°CelA 10
SPa AVRET) 2.65%(95% CL: 1.92~3.37) Z718F
), i7109S I Zke W= HH1 257°C
oAlA 1°C 458 winict AP 2.51%(95% CL:
1.83~3.19) 37FFe 202 Uit ¥ 4748 v
3, JA2E= 0.2°C zZol7t v, APIRRE SR
2 0.1% BEE Zo|7t 28] IA ¥t YR dd
7|29 A= 9 AMRG SRR QL07]E Al
Qataz, 71 e9S st Axel aesiA| ke A<

7} & ZolgE Heolx Uity 1By F S BEF
Q107123 Het7]2o] HA 49 VA RO E =
ATk &, 713 At #H8S metsiaa &
o, t7]e9e] Fge] F ] BA AW A F 2
o2 ZgalA] e AoF ek FAV|Ie X

a

PR
ro o
o.?: R OHH

200

180 4 L]

160

140

120 A

Total Death{person)

B0 4

60

Mean Temperature
(a)
Fig. 1. Plots of mortality on daily temperature show the basic relation: (a) 1994~2007 and (b) 1999~2007.
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Table 2. Estimates threshold value (°C) in mortality counts by various temperature model: 1994-2007 and 1999-2007

1994-2007 1999-2007
Temp model Cardio- .Res— Cardio- ‘Res— Cardio- .Res— Cardio- .Res—
vascular piratory vascular piratory vascular piratory vascular piratory

under 65 ages 65 or more ages under 65 ages 65 or more ages

Mean 293 28.8 27.9 26.7 283 29 254 26.5
Max 36.1 34.6 31.8 25.7 31.6 31 31.8 26.1
Min 24.7 254 23.6 255 22.1 19.6 20.7 25.5
Q90 34.1 33.1 31.1 26.5 319 29.1 25.1 25.6
Q10 26.1 26.2 22.9 25.7 20.5 20.1 21.8 25.1
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