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New Comprehensive Air-Quality Index (NCAI) and Its Effects on
Respiratory and Cardiovascular Diseases
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Abstract: Although air pollution and meteorological factors are known to have an effect on
respiratory and cardiovascular diseases, previous studies on the relationship between fine
dust and death conducted in Korea have only focused on large cities or have been limited to
analyzing the risks of each air pollutant. Therefore, this study newly proposed the
comprehensive air—-quality standard in order to consider the effects of air pollution on
cardiovascular and respiratory mortality. The analysis subjects were expanded to be
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nationwide and analyzed with a generalized addictive model in consideration of
meteorological factors. Comprehensive air-quality index was measured by using the
concentration data of each pollutant from 2015 to 2018 from Airkorea. The analysis was
performed using mortality data from the National Statistical Office and meteorological data
from the Meteorological Administration.

First, a model with high suitability was selected in consideration of the application of the
reference value, distinct value, and additional point. As a result of the analysis, the
suitability of the new comprehensive air-quality index model with the weight removed was
confirmed to be high. Second, the comprehensive air-quality index (CAl) and the new
comprehensive air-quality index (NCAI) were compared to find out how it was affected by
factors such as the deceased's age and diseases. As a result, the AIC of the model using
the "Respiratory disease deaths over 65 years of age 'as the dependent variable and NCAI
as the independent variable was the lowest at 6.28. The root mean square error (RMSE)
value was also the lowest at 7.33, indicating it a suitable model. Third, in consideration of
the lag effect, the relative risk was analyzed up to 6 days prior in order to find out whether
air pollution affects mortality. As a result of the analysis, relative risk was highest at 1 day
before (lag) in both the CAl and NCAI. The respiratory mortality over 65 years of age was
1.0577 [1.0111,1.1043] when the CAl was 28.584, which increases the risk of excess death
by 5.7%. It was 1.0784 [1.0421,1.1146] when the NCAl was 52.89, which increases the risk
of excess death by 7.84%. The results of this study confirmed that the relative risk of the
NCAI was high and respiratory mortality over 65 years of age was highly related with air
pollution levels one day prior.

Key Words: Comprehensive Air-Quality Index, Generalized Addictive Model, Cardiovascular

Mortality, Respiratory Mortality, Relative Risk
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(Z 1) ESH 7|8 AX|(CAN) H7|LEEE 5 7= %
R 2 zo HE LE 0} L&
T W) (=8) (=) (&)
S=U TR 0-50 51-100 101-250 251-500

sE7E 71Z% | BPwo | BPu | BPo | BPu | BPio | BPw | BPo | BPwi
SOappm) 1hr 0 0.02 | 0.021 | 0.05 | 0.0561 | 0.15 | 0.151 1
CO(ppm) 1 hr 0 2 2.01 9 9.01 15 [ 15.01| 50
Os(ppm) 1hr 0 0.03 | 0.031 | 0.09 | 0.091| 0.15 | 0.151 | 0.6
NO2(ppm) 1hr 0 0.03 | 0.031 | 0.06 |0.061 | 0.2 | 0.201 2
0
0

PMio(ug/m) | 24 hr? 30 31 80 81 150 | 151 | 600
PM2s(ug/m?) | 24 hr? 15 16 35 36 75 76 500

* ZHE s2AU(CH)0l HYYE sEAU(BPH)E ZokE ZR0 BPyat2 R LSS BPyailzE 43
1) OJMIBXI(PM10)24 hr2 OJHHX| PMyo 24A7H HIS0|5E Y

2) ZOIMHX(PM2.5)24 hr2 ZO0JMEX| PM, 5 24417t 615057 Y

K= 0l{Z 2|0t https://www.airkorea.or.kr/web/khailnfo?PMENU_NO=129, [2020.4.3]
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Ip = Hid LESEHO
Cp = HeRP=RA | &5 5=

BPw = L4 @EEH 9| Q= siE 717tof| Tt 2 2=
BPio = tie} LESEO| 2FE ol 71210l tHeh 24 2FE
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Lo = BPLoOll SiSHE RIal(F2t 24 XI=gh)

R =8)
- N 29 WATE K £ KSHAE SHUIBBNSE ALS
- Y 79 T4 £ WA LR OUS NS Yt 0USUR BAlGHD
1 2ei2Ho| F40| 508 THt
- Y 2D T4 £ WA LR OUSTS Yt QUBUR BAIGHD
1 2e2Ho| 40| 758 TRt

t|=+ EPAOIAE= 19704 571 o] 712125 gFdstal 1990d0]
8704& Bt o] 571 F3H(Clean Air Act)Z Aottt AFH o
714214 AQI(Air Quality Index: ©]3} AQI)E= WIgt I dist +7+
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Z7Fste] th7149] A7l #HE sEHE ARAckal, 2E(05@8 h),
ZAAHA(PM, 524 hr))E F7Fste], BIAEA|(PM,5), OFF47EA(SOy), ©f
AR A(NO,), LASHERA(CO)S Edsto] F 67HA] 2 40 tish of
7] d B2 ARSI (B 2= t71EARAQD 7 9EE = T
= YERATE 05-F 5009 A4+ HAE 67119 7FoE FFESHL gto]
255 g7]190] S yehdt. AL 44 £3(good), EE
(Moderate), 917H+ 93K (Unhealthy for Sensitive Groups), A7l |22
(Unhealthy), -9~ A7l sl Z-2(Very Unhealthy), /8 3$HHazardous) 2.2
TR A WS $2HEF), Be(e®), T IFHED), 14l
=287, WS- A7l siER(E), AFHEM)S ARSIk

(E 2) tH71-X|5=(Air Quality Index) H7|2G2E sk 718 #

Unhealthy for Very
Xe7g (ggogd) M(zie;;te Sensitive Groups Ur}f;ﬁjl&hy Unhealthy Ha(zja ﬂ())us
- © =8 =° (H2) =
oA 22 0-50 51-100 100-150 151-200 201-300 301-500

B2 | 7IF | BPo | BPw | BPio | BPwi | BPo | BPw | BPio | BPu | BPio | BPw | BPio | BPy
SOx(ppm) | Thr| 0 ]0.034(0.035(0.144| 0.145 | 0.224 |0.225|0.304 | 0.305 | 0.604 | 0.605 | 1.004
CO(pm) [Thr| O | 44 | 45 | 94 | 95 124 1125 | 154 | 155|304 | 305 | 50.4
Oslppm) | 1hr 0.12510.164 | 0.165 | 0.204 |0.205|0.404 | 0.405 | 0.504 | 0.505 | 0.604
Os(ppm) | 8hr 0.0590.060 | 0.075 | 0.076 | 0.095 |0.096{0.115]0.116|0.374
NOs(ppb) | 1hr 53 | 54 | 100 | 101 360 | 361 | 649 | 650 | 1249 | 1250 | 2049
PMyo(ug/m) |24 hr 0 b4 | 95 154 155 | 264 | 255 | 345 | 346 | 424 | 425

PMas(ug/m) [24 hr| 0 12 11211364 | 355 | 554 | 555 150415052504 |250.5|500.4

A= Airnow, https://airnow.gov, U.S. EPA(2016), Technical Assistance Document for the
Reporting of Daily Air Quality - the Air Quality Index (AQI), pp.14 HH2|
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7 U oY 580l 27H 4 oY A SFH7IZE A 4=(CAD

ol 7P G0~753) Folst=d vl di71dA4~AQDE M S

28514 ¢7] o] XPOVP HRAgSith, HiES 5(2017)2 A&, B,

T, FAE QUA, B, =4 770 =419 20059 5E 20159 7H4] 1187 o
7142AQNS S 71eEAF(CANS] 7|1&2T 5 vuet 23}
A%k 1002 230k HE 59 4o 718 AAQD) Bt S3
7|23 A S(CADREe] =& AL YET Aol & metslr] fsto] (&
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42| %(NCAD 22t 7Hbde Al9) B Rojsto] AL BAsgIt,

ad 1) W712X=(AQNS SEtH7I2EXIs=(CAl) H|11(2015-2018)

2015 2016 2017 2018

(F 4) AQIS} CAIS| IE 2SS E BIT I H|E H|w(2015-20181)

A =E| co NO, 0s PMo | PMas | SO,
I G 1366 | 59425 | 19.909 | 64556 | 0
BiE()| 000 | 094 | 4091 | 1371 | 4444 | 000
o [2E0] s 3167 | 38258 | 57850 | 45960 | 2
Bg(W| 001 | 218 | 2634 | 3983 | 3164 | 000

HH
olct. %61 ﬂ1712?§91 oAZE
Rl 2Rt A2 F7HA71H (Samet et al., 2000) RH w4/ w2k g
A1) Apgo] w] A& YFo] I (Romieu et al., 2012), =AF T o &
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Risk Factor and Surveillance System)ollA 67FE 22, S22, <l
tofiut, WAL, HiAREA 2, YA 7] A5 AQD7 EE4=
FFE vA= A 2ARE A3 4]0 = AR oFe|¥Eo] #slke 7}
57301 31%°1A 57%= A< 2ufo] G A FA| g2 A2 16%
oAl 51%= 3Hf o]AFo]ATHWen et al., 2009). £t AL olo|A] Q&
BE7FIEE g Uy AGHo WaEEol 6-13% A4astiion, 53
ojglo|e} klE Afolo] ¥ & Ao|7F e A2 skl A
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o] A% VFL 71F T 714 BFte 9FS U= AoE IHA A,
7]1%-9] Wak= A EAETE ot et E(0s)T OFBAIASO,), F4
AFSFE(NOx), 2ARHHA(CO) 5oHE $23% ATS 7HA= AL R A
£ o= HuEIth 7| LA9Ed Y 2AVMAE SAOf HWiES= 29
Hol AF 7 242 5HH 0w Bt AR ST A A%
of M= FFERt ofy T} S A - A A SHME FE ot BE

FTHUNECE, 2016; Purohit, et al., 2010; Swedish EPA, 2009; OECD,

2009).
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H| L ZA5ka, @A H3, A #71E A5l A2 HE A Est
Hrgste] =9 2 ™ A NA A7 @S 4] 7] A9E &

22 FUH7ISHEARNCADE AASHLA Btet ti7]1 9 &
2 HOH*JHL AAFFE o] & = A5 Fsted d7] &A%
(AQD2t B ‘%Mﬂi H(CAIH 7} 173k S e e vl sty 9lsto]
QASERA(CO)Y] AN7HS 8AI7HO A 1A17Eo. 2 2 A sk, ofsAl}
2(S0,)%} ]/:bﬂré]ﬁ\_(NOz)t ppb(parts per billion, 10-9)= ppm(parts
per million, 10-6)2.2 TE HZEI}5FH

\I

Il MZ2 S8 128 XIs=(NCAI) 7H

1. ME22 SEH7[2BXIs=(NCA) 23 2H 2 7Y

>
fr
A
ol
i
o
N
r J
3

(NCAD) 78-S 702 AIAI R 7] 7HWHO)
H1 7]E3 sfQ A } £ SFste] (& DEHE G 1274 A5
A AA A vA]= FFE Attt A E 7Y %% =Ue] A4
55 Aot 2AE s Eaat 7HE 4 A4zl A ]
olE| & ol-&sto] ARl 7|EE BASte AoR ?L"EJOPME} AAEZAZ
THWHO)NA = ZrAIEA(PM,5)2t HIAHA(PM0)2] 715E HA7]&,
HREHQ), AEFHQ), FHFH1)Y 477102 At glom Hx
7182 4B PMys(25 wg/mf), PMio(50 ug/m’) 22 7|0l sl &
A, AEE A b A8 APl SUste AR YUY A oS
ettt V]SS VIl E AAER(A)S HAV|EES AMGHREC]
oF 1.2%, HEEHQ)= o 2.5%, FHFH(1) oF 5% =2 o2 A

gtk
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H28H M3=

(E 6) XA SEO| i3t MAEH7|(WHO) 7IE(24M7t B Sk)
= =H7t PMio(ug/m’) | PMa.5(ug/m) A Q=
PM, 01l CHEt &7 | S0 Tt
7|z 50 25 95% O|AC MEE2E & AHY,
(Air quality guideline) Searet HEs AHUE0|
ZItet= ZIO2 LIEHH K 25
24A|7t HE=H3 e o I IEEC MRS
3 (Interim target-3) ' % 1.2% =5
AEEH 2 100 50 I IEEC MRS
(Interim target-2) %k 25% =2
HE=EH1 150 75 HO7|EHLE AL EE0]
(Interim target-1) 5% =S

Atz WHO, 2006, WHO Air quality guidelines for particulate matter, ozone, nitrogen
dioxide and sulfur dioxide, p.13

(E7)PMp 7|12 8™ 2H
PMio 24 hr(ug/ ) 7|EEHEA FOEH
Z9(11Y) 0~30  |WHO HIAJ3HD Q= 2 55 WHO, 2000
30: AT 30 ug/mOZ PLE Al {20
BE(EE) | 3150 | W5z b
50: WHORDY|ZE '
80: O{2I0| COPD S8 10% 37}
90: 00| FHAILE 10% B7tE
E||_|7DI' J_E_O” BHE% 100: CAl %%E 7|_;|'_<_ 100ug/m3 Olgl_ McConnell et al., 1999
= 51~150 . Moolagavkar, 2000
=) 100: WHO HE=2H2 WHO. 2005
100: =L 24A12t Bax| 7|& '
150: BOR}, LLOI9] AjLUZET}
CHR 2 AR 10% 2T AF
DE AOIA 19> DJ“ o Df,ﬁ ;(;f’fxi? Samet et al., 2000
sHze 151-345 |10%° DI= AQI Bl S 7IE Andrade et al., 2012
‘(’w?) 300 0JA%: 7[BXIY EHXt| ZAforst 5000
=° 345: 012 AQI 2200} 32’ T 71E3t adenetal,
SE ARZOA . . o o —~
o sfma(zy | 3467424 |424: 01 AQI O 2201 2 B JIRY | WHO, 2014
AWM | 425604 |604: O|= AQI ‘Y THA 7|57t WHO, 2014
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E 8) PM,5 71 &Y 24

PNos | 24 hilag/m) IEEE Hazd
ZS() 0~12 12: AQI ‘£ ©A 7|24 WHO, 2014
15: WHO HiZAsE
BE(ZE) 13~25 25: 0f=I0] 24 AfLE 9.1% B7t WHO, 2014
25: WHO #17|1&
35 20 2047 7|E
oIt 220 35.6: B I-EA) Of210] 22t 5718 24 WHO, 2014
M2 | 25.1-60 % FEVT 3.4% 24 Saudermen et . 2000
=2 50: O2I0] B4 AILE 10% 57} 4% stro etal.,, 1999

50: WHO XH2 g Lippmann et al.,, 2000
. o o=

51: Yol Y MYE 10% B7t =&

68: MHTA LHE 10% 37t T Kloog et al., 2013
2= Ao 705 YsHol E@ *Jf:o% 10% &7t &% Zanobetti et al., 2009
sH2e 50.1~100 75 WHO TE=H2 Pope et al., 1995
(27}) ' 80: LBl 4 MUE 10% &7t & Krewski et al., 2000
=c 95: UE01 24 CVD REE 10% S7t 47 Moolgavkar, 2000
100: 21719 10% E3=5% 10 ug/mE LIS 72t | McConnel et al., 1999
Mot o= 4%
108: HiZ= 7|Z2& 0f2l0] & AYE0| 10%
ZE MEA &7t
R SRS | 100.1~250.4 [117: AIUE 10% BTt 4% WHO, 2014
(Z4) 250.4: 0|2 AQI ‘T 71200} 3422’ 4
7=
XY=(ZH) | 250.5~500.4 [500.4: 012 AQI ‘I3 B 71E% WHO, 2014
(E9)CO7I=ZM™IAA
co 1 hr(ppm) 7| EHEEA 23
0.04: 27| Mgt 5 B4 Of3
2: HIEX! QARO0| Bt RAAS U S{EN A Lt
EX=¥g; (=1 ~ =T 3
EBWR) | 02\ guis om wz Cob 2.5% Doz g 4 | WHO- 2000
QU= 24ARH BR 5E
-0 ‘HE’ Ct =t
) 45: 01 AQ| 28" ED1 7arg) ] WHO, 2014
HE(ES) | 201-0 -2 B BIAR 8E COHpZt BURIRCI Te |0
SHE Uk '
2 g0 12.4: 0| AQI I Fo¥ HA 124
2= |9.01~12.4|-8A[Zt Ol LEA| RIS @& COHb &7t WHO, 2014
== -0y LA QBRI 85 COHb 57t 84
SE AROIA o= ~
= o 5 -8AIZt O[5t LE0IME BIAFC| @S COHb 37t
e [17%710 4 gzt op Al el wE Corb bR | VO 2000
=20
. ‘e | a2’ =7t
ceugp| [0 T TIAEE NI
o = o - (i — = [ELY = LN (A
DHE&HSE 15.5-30.41 ssiy ans mzt o 71 WHO, 2000
= —TAIZt O LeEA| YEIRI9] &= COHb 57t QY
X|BEE(ZA) |30.5~50.4|50.4: 0|2 AQI “Qgd oAl 2%+ WHO, 2014
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(E10) 03 7|= 4 2H
0Oz 1 hr(ppm) 7 |EMEEA A2
0.02-0.035: WHO Bzt
0.05-0.1: 233t MY, 2 A1Z 7155 Kot
0.05-0.3: st&5=s3 gt 9oA WHO, 2006
=92y - ;
28 | 0003 | 5a; ms 40| 10%E ZUSR P2 A% |WHO, 2000
A2 ER U e E70| 57| 3t £} 10%0
3HL__I‘E|‘~ _‘1:5 )\}I‘I
0.06: 2}\|7*h:§A| 57| &30| 5= LOAEL
0.08-0.4: 57| 2420 X 242
HE(Z2) |0.031~0.09 0.1-0.3: 57| K2 57} 557| Xst 54 ofs WHO, 2000
“BAZH e EA| DIZIRO| FEVT 10% ZASIE S5
0.1: WHO 8A|IZH HIIX|
0.1: 2L 1AIZE 7|12
2 g0 0.1-1.0: 7|EX& Z7t A |2
#22 | 0.091~0.15 [0.12: 2L OF =ojw arz mg' ;888
=3 “1AZH IS A] QIRI0| FA| 20| 25~50% B7fa=| VO
sk
-FEV19| 5% H3IE Uo7|= sk
DE Ao
22  |0.151-0.204(0.204: 0|2 AQI 220} =" T 7%7t WHO, 2014
(2
0.25-0.75: 2% & WS 24
0.3: 2L 2= ZAE &y
S 0.404: DI AQI ‘THS 2420l 42" £l 7|3t
e 0.205-0.40a| FEV12! 10% B8 207 | oz & WHO, 2000
;MH)E ' A A 3BT MR 95 812 57} WHO, 2014
=4 ~BAIZH I EA| UBIQIO| FHA] SHA0] 10% BT}
~1AIZH I EA| LsIoIo| FHA] HHM0| 50% BT}
_1AIZHEA] UBH010] FEVT 20% OJAf Z0A
X@H(248) 0.405~0.604]0.604: 02 AQI '9IF € 712t WHO, 2014
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(E11)NO, 7|1& 84 2A

NO,”) 1 hr(ppm) 7| EEEEA A=
. 0.02: 81 =50 OEHNE OfZI0[ S 217
B ~ CS ! >
280 | 0003 58| 9 B s garg DA oig e | WHO-2000
0.05: S Uz )| B2l
0.06: L 24421 07| BT I
95(:2) | 0081-01 |008-01: 0159 24 58| Hat g 57} WHO, 2000
0.1: =0 AR O | B
0.1: AQI 'S’ £ JIE4)
011715 e 3 el w38 571
EREY] (1257 T 27
28 | 01102 (012 250 optaoM Oy o B Bl MO 2008
&%) 0.19: FAZIRI0) 9! QeI 20} ener e
0.2: WHO #u7|E
DS AROA| 0.2-0.3: 2 EA| L8019 7| HSH0|
22 | 0201-0.649 5% 57I3f= LOAELD Hasseblad &1 25, 1997
(47 0.5-1.0: 7| ZH Z7t (401) :
2= A0
2 S22 | 0.65+0.1249 (0.1249: 01 AQI WS 200 422 £ 7F% | WHO, 2014
(24
1620 7S /B4l & 4 JBAIGER) | WHO, 2000

X|EH(Z%) |0.125~0.2049

0.2049: 0= AQI & HA 7|=Z

Mohensin, 1987

H12) SO, 7I& 8™ 2A

S0, 1 hr(ppm) 2y 24 HIES
0.018: 2H L. E2 QI5t 57| & BhY AN HiE
= BHOZ QI5H A LiAF0| RfolH B7I5HA| WHO, 2006
=o(tap -~
g8l | 000 g 47 WHO, 2000

0.02: WHO #117|&

0.03: 2H7 XY BRS7H =)
0.035: 2 'eEA| 0f200]9] 1| 7|5(FVC, FEV1)OI
HE(=2) | 0.021~0.05 5.5% &4

Linn et al., 1982

0.04: 0Ky LA 357| Mgt Qg &7ty | WHO. 2000
7|5 UA0| tHet LOAEL
21z =0 0.5: SRaw?| 9|5t Z7KTIZt: MAl)
S22 | 0.051-0.150 |0.087: 24A17H L BA| FAIBK U IR0 5EIP|  WHO, 2014
8 =y ou

0.24: 29 57| & At 37t

0.25: MM IR 28 5 102 L 3A 71
Xetg E7t

0.304: 0= AQI ‘2 o2& HAH F23

2E AF0A
QE 0.151~0.304

(22

Sheppard et al., 1980
Sheppard et al., 1981
Linn et al., 1987

0.4-0.5: 52 St o2t 2S51H HASM LEHE

= MEP 0.4: Q1010 158 =2 A | 7 [S(FEVT) 10% ZiA

Linnetal., 1987

02 328 | 0306-0604 |0 oo 15 g Al JISEVI 0% g | 1VHO. 2000
@) 0.604: T[2 AQI ‘S 71210) Sz’ ey pggt | \WHO. 2014
XHE(ZA) | 0.605~1.004 |1.004: 012 AQI ‘Y&’ THA 227 WHO, 2014

7) AQIAI=9] NO&9l+= ppbE ppm O E HAZHE.
8) gHlSo] MARE HAs oy HAZLTF
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2) FHHE X

SLA7IFACADSE H71EAAQDE Alitgtol SloiA 3kgh
ool 7H¢ FEHA Aok TS T2 M 48 ofFoltt. B
d71 23 A1(CADE 7MHE 283t mieel t712%e] U
= gi718AAQD) Bt A7t AA AAE . AldgolMs 42 FH
7183 A5(CAD S| 7Hitd AHA dloTEf et ti71 8 A14(AQD) A+2] 7HH

28 doleg AEdte] 7HH A Eolio] UE e BAser,

3) MAET |9 B2 B 24

WG ASA AR FEA W o729 Aude
AHon it 72 BeHEG V& TR £ BE Y,
w9 oz o] glo] ARAFE Bt oAtk AL B
S5t} YeaT Adste] THENS AT TAEHE AU
Fe D] £, BE, U 150 A28, BE Ao H2g, B
£ AFolA S H2e, AYAo Ahagn, Ul gt dHe
TS gfstel WA GF S F/kstel Bk 47 dledel A
7248 o & YEE St

EF AR FYNITAARCANE FLIH HEoE 24E
g, 28, w2 wes ¥/|51 glon] grldASAQ)E d71e
Qo] oA UBOR 24 23, k3, 73, W, B 20w
H715t3 Qiek. Bk Audos APARE ALe] Sste] AIoraR
A ARFHOT A AH102 Fste] 2 P70 W AL A

9) AFAMPAE A AP, [EH7], [FHS], TL=55Y A2725 A 2020. 1.
16][1-8 558 #2723, 2019. 12. 26., AEIHA].
10) AAsH2012), A9 H 5 AAA(2015), 2%+ 5.



w7, 24, Yo WS

o 18- Helsto] (& 133 2ol A= FUH/IFAAHNCAD
S5 TR e AN TS AARAZITWHO) B 713
o9 AT AEE FHto] e L Aol HAL FFL Feste] 7
HaEE 6aAE TESITh AL B W 4T ARE S
o £2(}Y), HEES), U 18 H2EY), BE Al A2
2087), LE AolA S N2(@A), ABH(EH)OR Y3Hsick

il

H 13) M22 S&7|23X|=(NCA) 7 |RESE s 72 o

U OF0  ZEAZOA 2E AROA x|
RT2 Z3([MY) HEEZES) H== H== S @ ;:;'H)
&) (#2) (Z4) s
SEUTE 0-50 51-100 101-150 151-200 201-300 301-500
B2 71& BPwo BPw BPo BPy BPw BPw BPo BPw BPwo BPw BPo BPy

(usg%) Thr 0 002 0021 0.05 0051 0.15 0.151 0.304 0.305 0.604 0.605 1.004
O yh 0 2 2001 9 901 124 125 154 155 304 305 504
(ppm)

(pg:n) Thr 0 003 0031 0.09 0091 0.15 0.151 0.204 0.205 0.404 0.405 0.604
(u'\g%) Thr 0 003 0031 0.1 011 02 0201 0649 0.65 0.1249 0.125 0.2049
(Eg“//'%f) 24h 0 30 31 50 51 150 151 345 346 424 425 604

(Eg“%f) 24hr 0 12 13 25 251 50 50.1 100 100.1 250.4 250.5 500.4

2. SEH7|2HERI(CANSE Mz2 SETH7 188 X|5(NCAIS] ]

N2 E7|SHAL(NCAD)E S 71 E3 A (CANSE Bl ehH
(E 149} 2t} 201595 2018W7HA] 7] FEA 67HA17F 5% 9
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£ HolEE ¢dEE d7]249] 5EE o|&oto] 22 THH7IeAEA
F(NCAD} B 7123 A 4(CAD 7|E 08 AbEoto 7+ 7t sfidot
L dlze} H&S Jehd Aolth HlE(ne AAAQ A4t 1do] zkzt
92704 1137H& 4d7t 139,769709] FkolH, vl &%= & W=t
10002 3kilsto] sl F1to] A A AR ok= H& (%) AlAtstSTt.

371 AGHCADE A 2.21, HxE 9.6°2 Ve H-&(leptokurtic)
ot A28 7185 ANCADE I 0.68, H 2.482 T19] H|5}o]
T2A FrEo] gk SHH7IBEAGCA) BBl sigdohe 20AL
69.5%= 359 2 o4& ZA|IY. o] Hiaf 22 F3Th7 134 A|=(NCA)
£ B30 sgoh= 28AIE 46.35%, T 1El 22 sigshs 3TAIt
21.76%, B= ARolA| si2goll sigoks 44A7E 9.77%= Vel SRt
718AA7E 1008 23619k W UIEt dRkelol] A7 3ol kL
AR Y=t M2 SFH71REANCADE 7189 CAL et Al
SElo] ti7] 290 it RO AEE FEsle] AT 4 Qltk= Aol AF
oltt.

(& 14) SEU7|12EXI(CAN MZ2 SETH7|2HEXI=(NCAI) HI X HIE 2

oy SSITH7[BHAXA(CAI) MZ2 S3ITH7| 22 KI4(NCA)
i = Bl (n) HE®%) | o Bl (n) HIZ(%)
0-50 1 26,767 19.15 1 27,541 19.7
51-100 2 97,145 69.5 2 64,780 46.35
101-150 3 30,411 21.76
151-200 3 15,818 11.32 4 13,667 9.77
201-250
5 3,334 2.39
251-300
301-350
351-400 4 39 0.03
e —— 6 36 0.03
401-450
451-500
A 139,769 100 139,769 100
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B 7= 20159 195 E 20189 12¥71A] 47089 AU AFgAt= e}
V4R E 2 U719 ARE o]&sto] Yust FrtRFP 0o R tf7] o]
AR vl 2 S5kt A A E Rl Aol M F
Q3% Bioln] AMgAtE= 717 Hole 7t A o] Qe EA4 3} A
Q1 5ol tieh HEO| A w7t =oh AFgAtE= A% vlo| A&
ol SRAH|ANA FetGlom Z¥z HA| AFGAL, AFgRlo] A

ne

BTE)Y AYAS, 5] 2 dﬂ:cw A2 L, 654
OVFe 247} 654 olgoln HUITITE)OE AT AP, 654

olAo] T TE /| A0 ?l AFAER YRl 7R R
138 ARE ol &otylon Y tEgo R Bt 7|2, A5, A
, Bieg ARE ARSIt d7| e dAtEE SEE At of
7] EAY ARE olgson, EHE HredEdL oA
(SO, °AFSFAA(NOy), YArSFEA(CO), 22(03), HIAIHAI(PM), 27
AAA (PMzs)olth. ZRIAAA(PM,s)= 2015958 S4& A26t5l7]
o] 2E AEE 20159 o]$9 ARE Al SIS A
F= ZH] 712 9=d0] B qlojof A4re 4= 1o B g (713 7]

g 3

LH=ol 27 S HolHE ARSIt SAZRIH2 R 3.6

(1) A 2=
MR RS A vielAzHolE FEAH|I LA FS5FRIH. A

11) ICD-11th J00-]99.
12) ICD-11th 100-199.
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Holo] AEy AZHIFLE), 557 AT(IZE)o 2 APYSH
Hlolg FolA ARaLAReE 22 2JRIAHICD-11 VO1~Y89)E Al<Igt At=E

|'I0||

136
TR g ALY

o]-8-5}Att.
2 714 A=
7143 ARE o
75 (mm)

7V A=
(m/s), Bt B =%

7| @A 5 E e s 7] SHT A=E o]&styoH
1.2 SO, CO, NO,, O3, PMjo, PMys0|th PMy 5= 201595 E =4

=
=

3) H7ledz =
L =
JEHLLS
2 ARt
(H 15) HI0|E e Y &5
= He B2 A= ey =X
ZAMYX(ICD-11, AO0-R00)
SETIAZ St AFURt S DI0|22L0|E] SEHAH|A
NN (ICD-11, J00-J99) YU(day) | (https://mdis.kostat.go.kr/index.do
SR R IPNFNES I20[2-LIR2CMH|A)
(ICD-11, 100-199)
I 712(T), B 8&(m/s) Ve~ PSoN =Y ent=!
VATSIN ol
R B N EE(%), Y Z4ZHmm) (day) (https://data.kma.go.kr/)
o 1eE=E : st=siZA Tt of|oj2 20t
A|ZH
NI 502, CO, NGz, Os, Pkio, PMys | AfZi(time) (http://www.airkorea.or.kr)




M22 SEH7|2ZARIS WY S57| Y MERA et Ao 01Xl B8 0 137
(H 16) HMY Y 7MY HE 0ff
rs
4 Mg TEY | g
CH7 | &X|4= LB H(0IH &E AMZ(AQI_MEAN) UHA X
CH7 | &4 Y™H ol 2 7HEE Mg AMZ(AQI_MEAN_YWEIGHT) UL @)
SHPIR 10491114 B2 0l 2 7k 58 ARieaL101)| = gl o
SE7IetE X Y2\ HI0]E I TR Mg AXMEHCAI_MAX) U=k O
SV |2 X YE HI0]E 2 7 Mg AMZHCAI_MEAN) UG O
ST [2HEX e LB HIO[E 7R KA AMZHCAI_MEAN_NWEIGHT)| Y8+ X
SE7 2R Y™ HI0|E 2 7 AXZHNCAI_MEAN) UG O
S |28 X YE CI0IE L 71EX| MAH ALtk omn X
NCAI_MEAN_NWEIGHT) %
(B17) M2 712 A
Ha min  1stQu Median Mean 3rdQu Max IQR
Z MRS 1 38 54 7984 140 24 167
B5A] 014 ARt 0 30 43 5999 101 174 03
65M O 35714 ¥ o2 AR 0 N 17 2228 3 80 12
N(E) 654 014 55717 Hat Ay 0 4 7 8083 11 40 236
GOA| O M Het MUK 0 6 mo 142 2 50 102
Z N Zet AR 0 7 12 169 27 68 7
5 87 et MYRER 0 4 7 867 12 43 N
7 712(C) =194 5 146 1346 217 341 7
1 o Z4:8Hmm) 0 0 0 317 03 308 16
T3 Z24(m/s) 0 12 17 197 24 149 2
Bt 40 &%) 0 53 691 6751 799 100 8
AQI LB L TR AR 2083 47.257 5583 6142 6927 500 22.01
AQI YTmzt U THHE HE 2.083 47257 5583 6146 6927 550 2201
CAIO-1Al Bzt Y7 B8 2083 56.398 71781 8401 97.75 5004 41.35
47/9% CAl 22|03} 2 Tt B 1333 8083 10513 12538 173.18 519.07 92.35
PNESAS) CAl 9Z77 U THHY R 2.083 52.038 62458 6852 78.708 5004 26,67
CAl UBa2r 2 JHHE A 2.083 52626 63875 6934 8121 5004 2858
NCAI QZRZt M2 YIIME X8 2,083 53257 76.181 86.33 10626 550 52.01
NCAI QT2 M YIIME A 2.083 52419 71.990 77.95 103.16 500 50.75




138 » 2% H28H HM3S

E 17 AFAS, 1 29, B QGASG We N 2EAFS
A, F AAE B2 08, G ol Al Hae
50.99%o]gl00], 654] ol ZE/IA e AALe] BIE 8.083,
NBBA AT A5 PP 142902 JABA ATOE A A}

nbapsaz} woket. th7].9 9l ]—’,\—4 P v ws] B 22 ZhRE 2 gk
+O0 2 Y7185 dB+ vlolE A& Aitgh 7185 B+ Hlo]
Bl 9 7Hbd A& ﬁl*&%k O?Mﬂi?éﬂ# AP dlolE 7 A
AL, SEH7IRE A S dHot dlole E 7MY A8 AL, 2
SYHH71SEAS DEt wlolE L 7HSA] A AlAtg, S 718 A
4 10/ 11A4] Bt dlold 2 7P A8 AAbgh A= Sd718
BA G 4B Hol" 2 7HE A8 AL, SIS AS I3
glole % 7 A8 Ao & UErdt) o ddd Adt Zo] ti71d
Aol 7FHEE A8okA] ok al B ARESE ti71E A5 DAt

B A& ALY Beol 61.42% 7P RA Ukl S8 A+
7HH A&sta A Hugts 71EEo R A8 ol Watol 125382
7V A UET

712405 QIR AAIFE B7IsH ] flsto] AAE AF-E o]&-st
& S B2 ARlo|nE W ARY AR o] SER

7Hgsto] Eotd 3|7 Y (Poisson Regression
. 2ol 39 2P UukAE ot At

2
Ru/g e
S,
)
)
|o
frtl
S
S_IE
lo

InE(Y) = By + By () + By (zy) + By (25) +---+ B (z;) 2)
E(Y) 500 7|9, 2, ASHS 6, SAAS

d71ed=d 7143 ¥

ol
b

o BA% A0 714a5l0] G



Al Aoz yEi7] 2o old 714adS & AT ol E8
ottt uts}t B7FR g (Generalized additive model: GAM) AE#H H
5. 71389, 8Y(day) 59 FFoE U7t WHEES A|ASH] Aot
47193 Arge] B2 FFE2 vAE 71488°0E BE3Ksmoothing)st
71 wizel Aol df7] 2ol A3l vAle JF

of H4E AT 4 9l
S BA4st7] Agst mgolt
_ Dly:p) ¢
AIC= ="Et 2df- ?3)

D: deviance, df: AHFE ¢ EAMRS

AIC(Akaike information criterion)® ¥-&(Deviance)®t A-F-E(Degree
of freedom), dispersion 5 ARE-oto] 99} ZHo] A oJ=t}, AIC 4ol
ZAZ4E o 22 AP E Zd=r §i43t BARY A AICE
BRlste] M 22 3 2 23S 2ot Est HokE 239 9]
5 (Deviance)= T3 o] 49| €t

D(y;p) = 20 (ppaniy) — Upiy) 4)

oy BEROE BE pof] oA 1(wy)E HH=E WEs goE
-5 (Deviance)e AAAIEES 2ulshH At (Goodness-of fitke ¥
7¥otal B v|wdtth & A4 2Ygo] & JEE VAL Qe Y
3} vlwste] o&go] £t D(Deviance)= 2F2 #HS 7HIth BES
A of AICeF D7F 2h2 312 7H 2go] ¥ 2 APEE 2=t
gk & ot Al FZL 2 HRoot Mean Squared Error: ©]5} RMSE)
| G2t 2t AT A5k Aol AlFAIAl #h= BlsiA ne =
AoE RFUAL 2 u|E A2pF AFsirhal FAg

<o o r
s OH

A
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RMSE = \/ % 21 (y;— )’ (5)

ol BAEA IAA(B)E W AEEY s=F7F AFGA T
Aol mA= FFE YuSt 7 LHEsE SR A% Y Ad=
YotH 7] fIsto] A H](Relative Risk, RRIE AAFSISATE RR=exp(s)
2 A== 25%014 75% Ate]Q] dldsk= IQR(interquartile range)®]

< ol-&sto] AAERIERE Tt SIS W) AFAPE Auiy STk
A AW EeNT AAEH|e} A=A 4 (6), (7)) 2T

RR= exp(IQR X coefficient(3)) ©)
95%Cl=exp(IQR X coefficient(3) +1.96 X IQR x Std.Error) 7)

of wet Al IFoE U
ULt 71272 AA é_}ﬁ%i%%ol 1‘417]2%31]—’,\—% ARESH] QlofAl Hlo]
o A= Yot 7] fIste] Sdh7|eH A15(CAD
, 931, 10412} 11A]19] Bt & st £45t
ATk ERL S uEtol At AkEbAlo] ofE ZQIA] Yotk 7] st
7P g AREstaL le 7 18RI (AQDY 72 A 4~(CADE H]
WSkGith HpAE o & TR o] thg <= B7lel7] flsto] 242 &
G711 SG A =(CANE B, 7HE-AA), d71AAS=AQN(Y B+, 7Hit
HEo]), 22 S 71 G A=(NCANZE B, 7HEEAAN)S] 6719 &
g5 Bkt olE AEstH (&E 18)eF £t
EAL AdtsH 7Y §(Generalized Additive Models: GAM)S.2 Lo}
& B3PS AESHla 72 AASE A7t A dety & drgsheEAl A



A4S Rl Hsto] AICHT BIAF
ANOVAE AHE-5to] p-gh(probability value; p-value)2] 8914301 3=
a3 7 H4% & 2F Aestyich £49] 7[R o3}

1nE(Daz'ly death) =

- RIS 7 A7 L JA 4

B 18) SEU7|8dXI+2 S57| | d

o=
R

Bo+ By (7] &%
- Daily death: £&7]4 A3 E

AN

)
S

HEEA

BoHEZ2At RerE

T ARMSEE &9l

Q]
=

l

g A

A A3 ate] MEtgs 20lsh| flgt

okl

S/ 2= ANY

Al
o=

=

2 28 MY

7|E SR e R 2
AIC |RMSE |p-value| AIC |RMSE |p-value
SBIY7[BAXIS YHF HOJE L 7MY M2
Vigdle 1015 274 181 | 889 74.24 | 185
y HAZHCAI_MEAN)
SBICY7[2AXIS AT EHOJE L 7MY HE
& VIRGI Sl HOlS 271 16.66 | 8.89 | ** | 10.56 | 18.49
- HIAZHCAI_MAX)
Y| sEIERa 10412 1A B HOJE ¥
2582| 89 | ** | 7746|842 |
TP ME AMZHCAI_1011)
SBI IR EAIS LBR HOJE 2 WY g
=] igigrk 2 HOE %7t 18.1 | 8.89 74.24 | 185
§ HAZHCAMEAN)
- O7 2RI LB Bl0|E K8
u 62.87| 89 | *** [10166| 185 | ***
. HARZHAQI_MEAN)
SBIIEERI4 LBR HOJE 2 7Y g
Wik J015 27 18.1 | 8.89 74.24 | 185
HMZHCAMEAN)
SR8 4RI LB HI0|E 7HE KA
17.21] 8.89 72.62 | 185
HAZHCAI_MEAN_NWEIGHT)
J|RIX| 2l ;LHOF_X-I%
7t WA 'Tf o1E 62.87| 89 | *** [19166| 185 | ***
N HAZHAQI_MEAN)
iy T/ERIA LR B0l 2 7K K]
H PIER el HOIE &7t 645 | 89 193.04| 185 | **
HAZHAQL MEAN_YWEIGHT)
N2 517 |SHAKA UTF H0|E U THAHE
H H7Ietexl AOE 2RI 24 | 80 3.22 11849
HAZHNCAI_MEAN)
M2 E3IT7[33X14 YR HO|E L 7154
4 7 A2 7RA 39 1 gg0 | #+ | 16.64 | 1849
H7A AMZHNCALMEAN_NWEIGHT)
o 28.03 | 8.89 89.13 | 17.58




18 H71 29Xt 58714 2 AEHA A AFFOoE FEot
o B3t Zlojt}, 7|Egoz BAS A3 5874 A AFgoME &
F71SH AR (CANE 71E02 dFatgt, LGk 1049 11419 ¥
ot A3t A Hughe AREe Lo AICT} 16.662.2 718 W
HiAFT A= 2 Zo|7F ehtA] gokom fojdL o
gk dlole A8qt dI} 10412 11A] B 383 B Yeht
o A8EA AgolAE g HughS AR BEO] AICTH 10.560.2 &
A vebgoy gaAFEeat 32 7HE A JeRgL 242 104]
o} 11A419] B¢ glolelE F&3gt mdo] fo4o] 9l Ao Yepdtt.
Yo AFGEeAge] B4 vehd 22 dH1gke] Hat 2 AL, 3AHEY
&=, Fagto] gto] #=A Uehyt7] wiel vehd Aztet gz

S BFAR(CANY dH71AAHAQNE 24T A= 58714
A3t APl A E 71" AAQD) L+ tlolHE 283t mEo] AICT}
62.872 EA YetgAT f9Ao] e 2oz -
Q2= Z Ao|7F YEpA] okttt AEHA H3oME 7] -A] S
(AQD ¥+ tlolElE H8gt 2ol AIC7t 191.66°0.2 &4 Yepto
U ool Sl Ao Yeioy HiAlFL et & &fo|7F Uit
A Foxe.

7Hbd A8 BAATN= 2 U7 AS(CAD) DEF Hole 2
7P g of i, di7|AA4AQD) YBH HolE HE ofF, AERL F
7184 A=(NCAD) LB+ dlole 2 7 HE o8 Al 15
vl et Al 1% B5 AICE 7FEA1E AAS tlolE 7 243 Ajol2
2ok, BHAFL A F5gh o]zt YrEbhA] ot

SE71At A A A% A Hlwotd 38714 Ag Ard 2E9
AICE Bt 28.03, HETA A% AMY wEe it 89.13°02 S &7|4
A% AP 2EO AIC7F A UeutaL, BHAEEAF GA 55714
A% AP B 8.89, HETA A3 AFT HE 17588 SZ71A A AL
o nEE o et A 02 Yeiygtt 71Ego 2 EA% A3} 10419

N

=

N,
i
k)
W
k]



Hzdon Y HEe AIC BEAFZOA gol 42 2 Fo4
Ae Ak, WA AICgtol
A Apol7t pehbA] ghgtord, £.o4
o] Gl ACR Uit 53717 A% AT 2L BATIRAAS

S WY WAS 24T =] g
gl

12 AYRE0fl CHt 7| #H4-2f Loess®t 95% 2|12t

1.0

05
05

s(rain 8.91)
s{humid B.85)

-0 05 00
10 05 00

i
Lo o I w

1 T T T T T : T T T T

] 50 100 150 200 250 20 40 60 80 100

rain humid

1.0
1.0

05
0.5

s(wind 8 46)
-05 00
sitemp,B.86)
0.0
1

wind temp

2) A 2olo)| e Metet D 4 3 Je2HI(Relative risk) 4=

_:
/—\

SHAAF(NCAD= L ulole 2 7HAE AATE
741*&%%% 23t EéA Aol =A e AFgae] S 74 o}b
o] Z3tst B ASotAt ot BV FAFE AFFIFE

H



I =
65 ol ArgAL, 65M] o1 2F7] H AEEA Ag AGAR FE05
3

In E(Death ofdate) =06yt 5 (NCATorCATI)+ S (Temperature)
+ 5, (Wind speed) + S (Humidity) + 5, (Rain)

CAL S¥H71&838 A4 B+ HolE(H)
Temperature: Y 7]=(C)

Humidity: 98w S=(%)

Wind speed: ¥%(m/s)

Rain: 734 (mm)

(E 19) AZTLE20| ME SEH7|2BXI+ X M2 SEH7 X+ 2E XY

S |1SEX | MER S|t
the= At 12 (CAl) X|2=(NCAI)
AIC | RMSE | AIC | RMSE
=AY 37.28 | 94.45 | 37.01 | 92.49
A 65A) OJAL Ata 2692 | 9439 | 26.74 | 67.12
65M| Ol S57| & Mt et At 1212 | 93.92 | 12.06 | 23.11
527| SEI|A HE AL 6.56 92.74 6.54 7.95
65M| 014 S&7|H Het At 6.30 92.5 6.28 7.33
st NERY RSPV 1140 | 93.77 | 11.34 | 1845
T 65A| 014} AZ2IA Hst Ay 983 | 9357 | 979 | 15.03
g 15.77 | 93.62 | 15.68 | 33.06

AT A AA, 2571, AEH A8 AMTeR Al FEoE YRR

2lo] A EH] 9

ful
fu)
N,
o
o
|o
frtl
ro
=
2,
ol
o,
re
o,
& -
i)
et
=2
r o)



M2 SBU7ISZRIA N 557) 2 ABRA T8 ALY DIRl= B - 145

3}l xqzﬂ 9] /\]‘U]-'E_ orR== % *}% 65A o] AP, 6541 ol =

N

ol p

rlo
wx o> ol ool
ox, el wol

5&7%1 HSAGAL} 65A4] ©
oto] o] FFE WA E=A| %}11} St}
(F 19= SEH7I1S4ALY 25714 2 AEHA AT =g A%
9= vk Aolth F APL, 6541 ol AP, 6541 ol 387 E AHE
A Ag A2 0.2 AIC7F 37.28001A4 12,122 ZolA|v, BAlFE
b AA| 94.4500 4] 93.928 AT Zjo|2 A 2L B
Z]—’F Al AIC7} 37.01914 12.060.2 #4A5HL, FAASIA
2490014 23.112 4ttt 33714 AS APLY] 49 55714
AFGALRE 654 o142 6.56014 6.302.2 654 ol T&7A A
H AIC®} BHAIFLA7E ZHA Uedthe s & & Stk Al
SEH71B A=Y 5571A A AFGAY 654 ol SF71A|
AAE Bl gt An 247 AICE 6.54, 6.28, BHAIEE QA=
7.330%2 654 olF 2&71A A% AFGAY] Fhol AA YETh
l—a%QX}E 7.95004 7.330.2 EolE= AoE eyt A8%
A A%k AR A9k v AR R 718 Ao A= AICE 11.40
oA 9.830=2 Fa, HHAFLAE 93.77°0A4 93.572 A
N2e 37|84 A0t B4 AIC 11.34914 9.792 #h4, HdAlH
T 1845914 15.032.2 #AstAt =S S 72249
AlCe BEH718 AR SR 243 Zo| Ak BE 504 ZA vet
Yot A28 EFU718 42429 AICY] B 15.688 S 7184 A
FHEO A Yeht, B AL 33.06208 & Ao 2 ZHA| YEt
u 7]% FANNSEAS ot 2L SRH7IE A7 A 24
olztx wetH. AME St M= SYH7IZE RG] T65A4] ©]
A} 38714 AGAGAL 9] AIC7F 6.28E 7FY AA e HdAF
oA gk 73308 7P AA Uehy At HdE ddEch

—r‘FN-erj?—l"i'o

o_‘d_’,_oﬁ
\3

Y
ﬁimrﬂﬂo

__OEJ\]
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ES ti7] 2ol AFge]l FF= vAeY 2EsfoF & F2o] Adadt
(lag effectolth. t7]12d=Zo] o= Hk 7|IZHE FiL APgol 9=
ORI EA] F7ele Aol SR AI4(CANS] Al avtel s
A7-g Aol e7] mol FIH7IEAw(CAN Mz2 &
A4(NCADE 6¥A7HA ] N ARIE EAsto] H| Wttt 22 &
71834t 7129 Tkl 9T F= 712, 55 A5 359
URSE BASto] dRsR7tng o s E4% A3t 654 ol 35
7IA AL E S5HeR, M2 SRS AT 2
g 3 7A AA At g AR 5

Bl oM orr

olof '65A41 oI} TE7IA AEATALE FE5HUeE MER 59

<, FE, A, 359 wEsE Bt SesES v EeEQl B
282l LOWESS(Locally Weighted Scatterplot Smoothing)Z SA|5+%
W71 FE SVt WE SIS A ghol Srekel wEt A

o] mX| = S Frlelr] Yste] AR T ag effec) S 1LE5Ho] ZH
7} FY(Lag0), 194 (Lagl), 2¥A(Lag2), 39 (Lag3), 42 A (Lagd), 5Y
A(Lag5), 68 % (Lago)7tAS] At B E Aottt

(2 20) SEH7|2EXI R M22 SEH7IeHEXIS2 654 014 25714 2

N =5 SITH7 12 XI=(CAl) ME22 S8 |2 Xa=(NCAI)
Relative risk 95% CI Relative risk 95% Cl
Lag0 1.0358 0.9821-1.0896 1.0631 1.0345-1.0915
Lag1 1.0577 1.0111-1.1043 1.0784 1.0421-1.1146
Lag 2 1.0309 1.0098-1.0519 1.0376 0.9951-1.0801
Lag 3 1.0429 1.0032-1.0825 1.0712 1.0331-1.1094
Lag 4 0.9252 0.8992-0.9513 0.9301 0.9006-0.9594
Lag 5 1.0253 0.9713-1.0793 1.0323 0.9854-1.0792
Lag 6 1.0519 1.0071-1.0968 1.0714 1.0299-1.1128




MER SEH7|2EX| L 557| Y HSH ZE AL 0|Rl= FE - 147

Gt 2002 BHH71SAE A AR BA7I8EA49] 654 o4
357] APge] AR M Ql(Inter Quartile Range, IQR) 710 w&
F AP A Ele Ak AAISHI . AR HAIQR)E Al
ARSI Al 1ARERSY] #H9] Apo|= SHgho] & dFE T g2
o R, FE7t A dlolElofA BHET -85 AoE A Sith1d)

SAN7I1SE AN 7P AN 22 E2 194(ag 2 & UE
ok 718 A9(CAD S IQR %= 28.584 A 1.057711.0111,1.1043]
2 654 ol TR 23} AP Yol 5.7% S7FokH, A= S 7|E
ZA1(NCAD9] IQR 7k 52.897 4 wf 1.0784[1.0421,1.114012 ZIAFGH]
A2 7.84% S7IRITE 65A ol 287 W APLE o1 A t71%E 5=
e} #eo] glom 2L FEH7IEATY] ARATH7H A Uehdth

E 21) OIMIEXI(PM1o) S571 2EH A0l 01X|= Qo2 72

s| A@E) | ekl | ewNe | esoy| SR | smiereles )
1 35l2, 2004 1999 M2 65A 0f4 1 1.0012(0.957, 1.046)
2 0[ZEf, 2008 2001 MNE Z A | IQR40.44 2.56(2.46, 2.65)
3 |Kim etal., 2003| 1995-1999 NES Z MY | IQR43.12 | 1.1390(1.0680, 1.2150)
4 |Sonetal., 2013| 1999-2009 NES MY 10 1.0016(0.9985, 1.0048)
5 | Yietal, 2010 | 2000-2006 M Z MY 10 1.0059(0.9992, 1.0126)
6 |Sonetal., 2012| 2000-2007 Mg Z MY | I0R41.8 | 1.0261(0.9941, 1.0591)
7 |Kimetal., 2015| 2001-2011 NS = At 10 1.0031(0.9991, 1.0071)
8 |Choietal., 2018| 2001-2015 Mg MY 10 1.0020(0.9966, 1.0075)
9 0[8%l, 2007 | 2002-2005 M2 ZAMZ | 10R30.1 6.4(1.1, 8.9)
10 |Bagetal,2011| 2005-2008 | M& | EAY 10 1.0113(1.0035, 1.0190)
1| 2242013 | 2006-2011 | M& | EAY 10 1.002(1.001, 1.004)
12 |Kim et al., 2019] 2006-2013 | 770 BYAl | & AfY 10 1.0060(1.0010, 1.0110)

= g7 2015-2018 T= 654 0lAH| IQR 52.89” | 1.0784(1.0421,1.1146)
o 202 5
S IEERS

13) CAI(JE=:2.21, HZ:9.6), NCAI(FHE:0.68, H=:2.48).
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o 22 SHH7ISEA:L 654 oY 55714 AL E F
SHSE ARRSE BHo] AIC7) 6.282 7HY WY, WAl EEAL g
7.330.8 71 AA yeht AEsE ZdE UERgT o]of 654 o] &
F7A AL E FEHUSE 2L SEA73 A4 dEd
16 9 7FeA] AA ALgL S SR oto] HFFH oz dutshyrt
HP o2 Apgo] mAl= RIS £45HT d71 2 5 S71
£ SAH718E A5 ghol 371kl whet Abgol nX= F3 Bt
7] $15to] A AR IHlag effect)E L2 5te] Z2H2F T AU(Lag0), 194 (Lagl),
294 (Lag2), 394 (Lagl), 494 (Lagd), 594 (Lagd), 64A(Lagb)7IA 9]
ﬂH HIE 4 %‘6‘}0%} 23 SPA7IAEAGolA 7T A
2 194 (lagloZ 28.584 ¥l 1.0577[1.0111,1. 1043]_%

7|82 °J S 23} AFS 9130l 5.7% S7kehH, 22
1‘4171%%11 7} 52,89 9 wl 1.0784[1.0421,1.1146)2 %3} A H%LS—
7.84% F7Vote A0 E UEhY A= 50“‘41 71873 XH?J 1 H 7t
=7 YehTh oMK 654 o]} 3§ ofF A t71e
HE9} Beo] glon firjego® st SRt r|E g AsE 654 o4
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