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ABSTRACT

A Study on Physical Activity Approach According to Air

Pollution Exposure and Health Risk Assessment

Sang-Ho Lee

Advisor : Prof. Kyung-Il Lee Ph.D.
Department of Physical Education,
Graduate School of Chosun University

The purpose of this study is to assess the impact of exposure to air
pollutants onto health risk by quantitatively evaluating impacts to
circulatory and respiratory diseases according to how much air pollutants,
such as sulfurous acid gas(SOs), carbon monoxide(CO), o0zon(0O3),
nitrogen dioxide(NOy) and fine dust(PM;o), exist in the air.

To conduct such study, significance of the period with the strongest
impact to death risk in short—term exposure of 11 days and long—term
exposure of 36 months were evaluated using the big data to quantitatively
evaluate the impact to health caused by air pollution. Also, the study
attempted to estimate the forecast value of future death risk caused by
exposure to air pollution based on the representative value at the point
in time with the strongest influence during the period of exposure to
SO,, CO, O3, NO, and PM;o. Based on the result of such assessment,
this study attempted to establish a basis for establishment of physical
epidemiology research evaluation system according to exposure to air
pollution and health impact.

To wverify the relationship between exposure to air pollutants, such
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as S0z, CO, Os, NOz and PM,o, and risk of death, this study analyzed
the data generated from January 2010 to December 2018.

Specific method of handling statistical data to verify such study was:

first, data were extracted from the Air Korea of Korea Environment
Corporation, Statistics Korea and the data service of National Health
Insurance Corporation;

second, representative values of SO, CO, Os, NO, and PM, for each
day, month and year were set using the kriging method;

third, significances of short—term and long—term exposures to air
pollution were analyzed to verify the impacts of respiratory and
circulatory diseases to death by conducting the Poisson regression
analysis; and

fourth, the ARIMA intervention model for future value of January to
June 2019 was implemented to predict the death risks of respiratory
and circulatory diseases caused by short—term and long—term exposure
to air pollution.

All  data were analyzed using SPSS Ver. 21.0, and level of
significance was set at p<.05 when analyzed the data.

The summarized results of such study were as follows:

first, the risks of death by both respiratory and circulatory diseases
after short—term exposure to air pollutants appeared to be meaningful
from the day of exposure to the day before the 11" day. In terms of
period, the number appeared to be the highest before the 11" day,
followed by the day of exposure, before the 10" day, before the 9%
day, before the 7" day and so on;

second, the risks of death by respiratory and circulatory diseases
caused by long—term exposure to air pollutants seemed to have
meaningful impacts from the day of exposure to before 36" month. In

terms of period, the risk was the highest before the 11" month,

- vii -
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followed by before the 12" month, before the 23" month, before the
35" month, the day of exposure and so on;

third, regarding the risk of death by respiratory disease after
exposure to air pollutants in the amount of their representative values,
the forecast number of death caused by respiratory disease in other
months than January 2019 seemed to have increased when compared
to the observed numbers in 2018, as the densities of SO, CO, Oz NOg
and PMy increased; and

fourth, regarding the risk of death by circulatory disease after
exposure to air pollutants in the amount of their representative values,
the forecast number of death caused by circulatory disease in other
months than January 2019 seemed to have increased when compared
to the observed numbers in 2018, as the densities of SO, CO, Oz, NO;
and PMo increased.

This study provides basic data that can be used to approach various
physical epidemiology researches when promoting spirits and values of
physical training for creation of various values through shift to and
development of new paradigms, such as physical education, physical
activities, indoor sports and indoor programs, caused by increased air
pollution. Also, it is hoped that this study will create an ecosystem of
research where physical training can get closer to health by promoting
physical, mental and social health of citizens and develop quality of
each person’s life through epidemiologic research on air pollution and

health in the area of physical training.
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I. o]24

A. =U-8] 71384 JlE

1. =5 971873 7|&

F 0-1. = 7471+

azk

a9l EE# 71 &
Annual average under 0.02ppm
SO, 24 hour average under 0.05ppm Pulse U.V. Fluorescence Method
1 hour average under 0.15ppm
CO 8 hour average under 9ppm Non—Dispersive Infrared Method
1 hour average under 25ppm
Annual average under 0.03ppm
NO, 24 hour average under 0.06ppm Chemiluminescent Method
1 hour average under 0.10ppm
Annual average under 50pg/m’ . )
PMio 24 hour average under 100ug/m’ f~Ray Absorption Method
Annual average under 25ug/m’ L .
PM 5 94 hour average under 50/ Weight—Concentration Method
8 hour average under 0.06ppm .
O3 U.V Photometric Method
1 hour average under 0.1ppm
Pb Annual average under 0.5xg/m’ Atomic Absorption Spectrophotometry
Benzene Annual average under 5pg/m’ Gas Chromatography
b5 AHA(2017), 375 U718 715(2020)
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2. =9 71874 7€

vl a7 7] 2 712 (NAAQS: National Ambient Air Quality Standards)<
= 7B 5= (US EPA: US Environmental Protection Agency)o] 2]s}e]
FS AARSATH(AEA, 2017). 12} 7L T ARS Bistu A3
4317 (adequate margin of safety)S ¥ 3ol oA o] FRA == 1 1L, 7
A F& 7eHdoz AF 7t ol 14 7+ by a4 4
AT NNl Wit 4 Joem R, wm Il r|AV]ES

AE HPoed7|=(MCLs: Maximum Contaminant Levels)¥ T4 x
Ak A v W gird Ve 7Y L9EE S, dAbsERA(

W (Pb), ©o]EE A (NOy), 2:E(03), oFA7E2(S02), PAIH A (PMyo)
e il U AR A (PMes)olth, Mate AL EAY 5SS A4 e=
AMAESIL 7]F=X7F Aol B}stAQl AHo| FIAHEs 24t 9

FE #48A @ o 59

sbats AAEHAG(HAHA, 2017). <z D-2>% F71E di7] 2 71+
2 EEE 25T, 119ol#te 7HE stelA @R 9Y B (ueg/m® F

mg/m?) &2 e AT}

ke

M-2. 2718 B7] 4 7%

Qe A @= WE 9B 9% Aug 3% % OEC WHO

10minutes 0.188
15minutes 0.10” 1
(S?fl) lhour  0.15 0.10 0.132" 0.20®"  0.30""” Ooblf}m
bp 24hour  0.05 0.4V 0.04 0.047? 0.089 013 0.008
lyear  0.02  0.03 0.02 0.03
15minutes 85.8
o 30minutes 51.5
(opm) Lhour 25 450 % 257 25.7
8hours 9 b 91% 9V 8.6
o thours 9 10 8.6 8.6
- ’|3 -
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29l ANy = owE 498 9= g 3F 33 EC WHO
NO lhour  0.10 0.105 0.121” 011 0105  0.105
( Hzl) 24hour  0.06 10006 0.06"

bp lyear  0.03  0.053 0.021 0.03 003 0021 0.021
o lhour 010 0.12” 0.06"7 0.10®  0.12'"

3 15)

4hour 0.08

(pm) e 006 0.05 0.05°  0.065 0.06 005
PM lhour 200
( g/“;) 24hour 100 150 100 50 50 180" 501 50
fem lyear 50 40 5019 55 40 20
PM, 5 24hour 35Y 30" 25 25
(ug/m®)  lyear 15¥ 25 8 25 10
Ph 30days 1.5
(ughn®) 3momths 0.15 1.5

" lyear 05 0.25 0.5 0.5 0.5
Benzene
(4g/m3) lyear 5 3 5 5

b5 AHA(2017).

1) 130 13] o] s <k

F2) A 397k 24hr Ha PM10 557} 1502 13] o)A Z23)shd ¢
3) PM2.59] a7k Aed ot 510 3\ Hkx)7) 152 Z3bePd ok

F4) PM2.52] 24A17F 552.2] 98percentile?] 3\ Htx]7} 355 Z}ahH <k

F5) 1AZFEE7F0.12ppme 238k U577} A 135 298P <

F6) 197 SAR U5 AR i 2EFEY HIXF 4HAR 5 Fke

Z781H kg
Z7) SO; 158 557} 1del| 353]Z 0.10ppmS 23}k ¢k
F8) 03 8217t =7k 1ol 103] 23}l <k
T9) PMyo 242417t 5 %7F 1\ de]l 50< 353] o] 2Tshd ke
3+10) PMyp 24A17F 55 1d0)] 73] o)A Za}sl™ ohg
F11) SO, 1ARY F=E 1 d0)] 243] o)A} Zjshd ok
F12) SO, 24117} H5E 1ol 33] o)Ak Zakspd ot
F13) NO; 1A17F 55 1do)] 183] o4 abab ¢r
F£14) 05 8AI7F 5% 1d0)) 253] o4 Z3shd <k
F15) 1ol 1Y o) 273k 9t
F16) 1:dell 5 o) Z73PH 9
F17) 1de 33] o) =73hH <=
F18) 9 U PANY} 72 33} ukS A E

— WHO, EC, 3=+ ¢] 374713 Conversion factors=, 101.3kPaZ Sk} %]

_’|4_
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L w9 A2 H7t

=] Aes ATEE #8ete] drledde] wE2R A9 A ETFSE d
T AR Atd 2= s 48Fs] A (American Cancer Society Study)<}b
= 67) =A] At (Harvard Six—cities Study)”} Joh(eid3 9], 2014).

v Fet3] (American Cancer Society)olAw F A 9 ARzt dQlof] o
gk o8+ (epidemiologic research)E& $3ke] 1959WH-H ¢ oA+ (Cancer
Prevention Study: CPS) ZZEE &s3lar, °F 60d &<k CPS—1, CPS—
0, CPS—II7HA] it IS E AF7F AHAox A3 Fo (s <,
2014; Cancer Society Study, 2014). £3], CPS—-1I dAJ9ME= ATE A=

g3l IA] ZTE ALAYG Wold ¢ Sk oheFsk A, A4, A
g5 Q9o gigk A7 APHATE =S CPS-1 AFollA= t7]es
sk AEAA AP FHbe] fod AAAAS fHEien mww 3RS H
(EPA)S]l w71 afAlel thek sty 27E5 AASTdES 9, 2014;
American Cancer Society, 2014). 3= 67 =A] A (Harvard Six—cities
Study)¥= "= &% 670 XAl Z=F¥R(Steubenville), 3l 2] ¥ (Harriman),
ANEFo]~(St. Louis), EJER=(Watertown), E3]7HTopeka), E|X|(Portage)
S gdoR griede AR 3 114G #AdE Fotst Z5E A
T5 PR @ S, 2014; HEL 2000).

u] = ¢+s}s] At (American Cancer Society Study)®} = 67] =A] A
(Harvard Six—cities Study)®] A¥E < 0-3>¢F #o] Yeliidde) vl= <
8}3] A5 (American Cancer Society Study)®} st E= 671 X=A] A5-(Harvard
Six—cities Study)ellA] 7] el ot AAFF A WS diF-Eo] Cox
mag A77E APHATt v bt AT A Jerrett et al.(2009)S W]
9671 Z=AIE tEem dirjeddel Wd AAIFS AT Ay ZwAWA
(PMos) ot T5AE #d Abdo] fofgh #Adddo]l vk 3sk¢lal, Smith et
al.(2009)> Ad# #HA AFES 1pg/m' S7HA AIFHI(HR)= 0.99% S7Hekct

o

pi4
ok

o
o4
=2
2
_?L

RS

_’|5_
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3 3kglem, Krewski et al.(2009)2 oJ53H 2E(0;) &% 10ppb 574 #
ALJAE AFAH(HR) 1.02 S7Fgohar shqlar, A AP 91308 (HR) =
1.03 =7Fsttdar 399t Dockery et al.(1993)3 Laden et al.(2006)2 u] A
AR (PMig) &F AA AJgANE, HAIHA(PMo) o AFAA Aol A o]k
#AAo] drta st E3], Laden et al.(2006)8 wAIH A (PMyy) 10pg/m’

Z7h) ARASIEe 116 S7hda s,

¥ I-3. "o 7] <

A =}

713k

a3

Jerrett et al.

118,777 1%
(Z5AEL

- CoxHLehs &3t
ARG, A

- v A (P )l T
EEAE weAge] o5
vebet

(2009) 9,891) HA AP, S5AE o
i R -+ 9 10ppb T7M ¢ HR
= EAY 98 A
967N FA] AR 918 4 1,040 Z7}
. oS ;q 2] _
Smithera,  gzzezy  OSTE SN el e e
Euitl o, H FELY 3 == ==
(2009) 6670 A o e o may  Leg/m S7HTHRE 0.99 S}
Coximile I5d 9F(0y) ¥
: 3
Krewski et al AALA AP, 10ppb S 7HA] AA< °J° /‘}”c}
' 1187 = 549l A}%P RR:
(2009) 10804 QAsiap cjzy R 10257}
1. -0 - = =] =7 ==
ox i by - Al AR HR 1.03 S71
. - WA (PMyo) =
8,1114 AL AR, A AL §-0] 5 7
Dockery etal.  (1974=1991)  A@abA AR sy 00 o 70 1T T
(1993) I ek Iy
A TR o eat e Ajeje) xat
= 3L | T s
THEALCE g f9e o 20wl 1
8,096™3 - Coxx-&& o]g-3t .
: - PMy5 10pg/m’ Z7}A
(1974~1989) A AAIAFE LAY o oﬂg/nci =7 =
0 AR 1.16% 27}
Laden et al. 54,735 A =4 R sghA] gk Ap
(2006) (1990~1998) - PMpseas Hﬁg %;_QT 58% ok 7hed
=67 AAAE B3 o= B Ol 510 1 om0y o
AP S 1.27% 57}
= (1989~1988)

A& vjES £](2014); Dockery et al.(1993); Jerrett et al.(2009); Krewski et al.(2009); Laden
et al.(2006); Smith et al.(2009) #1-8-3}o] A543
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2. TR VHLE

ot

7t

8 g7l I ozt ZTE A (European Study of Cohorts for
Air Pollution Effects: ESCAPE)&= 20085 FH9 9=, 5, olgg o},
Haas, dintg 5 13705 2278 I EES Bato] W7oy 7] wFo A%
2739 AFE AR dmdT 9, 2014; European Study of Cohorts
for Air Pollution Effects, 2014). ESCAPEE 4AH} & & (PMy,, PM.s)3 &
2AEE(NOOE TACE g7 A7z o3 1749 J7ks 9 w0
WS fste] AAgES A S tiek 3o VS AT E ATolA 2E

& HUPEHE A&ste] of¥olo] A, Al sFAE A% 4l

z:yl.
2 o 2, A g 5 trIed e A7) mEel od AGIF
_?4

.

N
R

fol
ek
e}
)

o

7}

il

1t

g, ok
& doleio] 28 TEeuA SATHMAT 9, 2014),
_ﬁ_
E

H

He YA =4 (PM), 2F5(03), oA A (NOy) o 7] ol tie
ATlA tgAE o 3041 o Als o R shlal, 4R
A(PM) 3 o]4bstE 22 (NOy) ol thste] EA|o] &3] 22 (Land Use Regression

= I A28 B A 2~ %) (Georgraphic

%_
Information System: GIS) FHEAELS &3l 7|8 =55 9

i

o ’
WA, BE A A8 A A, ey B Abgel distel R4
AL, t7l el FrmER AT A7l ol Fold dEAe] = A
o= ey

Cesaroni et al.(2013)¢] dolA NO.7F PMyse] #A7|x=== <13k vjAlx
AH Z27hE 9 A9 9 Ao Z et NOy7F 10ug/m E7HA] 9
H(HR)= 1.03 ZF7ketobar &blar, PMus® 10pg/m S7FA1 $1@3H](HR) =
1.04 F7}skchar s

Heinrch et al.(2013)¢] oA NO,oF PMo HA7 ==
ojgk Aot dokar stk PMyg7b 7pg/mt S7HAL AR A
= 115 F7hettar sigla, Al#EdE AbY HRS 1.84 S7F
NO.7F 16pg/m S7FA ZdA L] AFE S1AH(HR)= 1.18 &7}
A A% AFY HRS 1.55 F73kttar &g,

}

re

gk AL
o9
o}
t}

o
T

oHd
~ ["10

T
&

oH
e
=

H
o
¥R 32
)

H

o
k]
ol
ol
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Zanobetti & Schwartz(2011)¢] AFNA 2F(05)E% 7l e Alge
frolet Axr) dvkar st o534 He 2E(03)F%=7F 5ppb M S EA
AFEA AP YIE8(HR)E= 1.06 F7ksttbar &fdar, A4 ARG 93]

(HR)= 1.09 S7kgehar epgivh. vbgssf g dst A S13nl(HR)= 1.07

Z7becta &ar, g AFY HRE 1.07 Z71sttla sl
E I-4 75 t71e9 A Aa 2cf
A =} 717k Fe Y& Azt
- Cox 2S5 NOuSF PAL )
N A7 wmE 2 QI
191 A} 4]
. gl o A A= Dk
Cesaroni et 549 R3S 74 o]0
. 1,265,058 s 4 (NO,) 9 A3t
. o = 2 B
—~ < . 7 P =T A
(2013) (2001 20}}0) A (PM, 0 T NC())2 F 10pg/m' Z7}1A)
30t ©]7d _ N HRE 1.03
Agel wFH S A o1
70 5 urg g spep L vka®) 106/
Z711) HRE 1.04
U HHA] A7 w2 - NOo 2} PM; 2] 71
QIek AR UMY} 54 B2 QG AR Fl 3k
RoIAbat 54909 Ab A3t 9lg
Heinrch ef al = of that B A B4 - PMyo9] 7ug/m' S71HA
el?;gl Se)t A 554 oA b PARR NE AR A7 29l A HRE 1,15,
ok 800 H3le] GISE &3 525  AluZE$ AP HRS 1.84
FAstaL, o|aksbA & - NO,7} 16pg/m’ 5714
(NO2) &} vJAHA(PMy)  AALS] AP HRS 1.18,
o] AP FEE o} A28k Abg HR-S- 1.55
N - 9 E(03)F= Tt
54 Qelbgel kg
Sk B0 A AlsLod =
Zanobetti & TA EPA 549 A8 9 2(04)%%7} 5ppb
Schwartz  (1985~2006) B3te] 5easg 8Acr TS TR
(2011) RS P g eEERg ol gdd O, A ) AL
UA WA Ay, EHAA ApPRR e 106 AHREA A
10804 st oy TR 109, WSS
0% we 7248 Abg HR2 1.07,
oo FH AP HRE 1.07,
25 wids 2](2014); Cesaroni et al.(2013); Heinrch et al.(2013). Zanobetti &
Schwartz(2011) Aje1-8-8}] A4,
- ’|8 -
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I-5. f-2uet di71 e

A9} st 9 of

A=} 713k Fo U A3
Bl N g ey - AA] 370 A (),
FRHERA, Aasieks B3E B3l B o2
oSt AL 2 EH F o} A1 ZFH (05:00~08:0
gl ae] AlZEE Y 0)o] 7129 sE+
A&7 9 1998~1990 B H7]LPES o] ]  &F F OE AZEG
(1994) (3) - FAR L TAPEA TS FE RE
o} T57HFAIGEA - 53] 07:00~08:00
£ o]&3le] b7 9.4 NM L FEE B o]
49 srok Abdret AR & 2 e
o] g & Tk} T2 A 7h o) Xk
71 e] A =E =
el Qapge TS B
spot AR (A AAE 0~313)
- ) i v AdA] =
~ .= ) 2= JL= o - o
pps) 2002013 GHEEAT AHE o e A
(7d) Hkegaho] wAHA] 7] o _
(2016) 5 2o ola) 2 g 8 2A(AAAE 0~
AA A wER QA3 FAPY 3k ~
= w0 /y\——ll] /gg‘—ﬂ’ﬁ] -
_ ’ 7H =S A dE =
A4S ggo = ] po hoa
Al egke. 1A 2.3% 2 9.37%°] 7}
- TEAEAS
AP ARl &S T2
= WS AT EE 2005
- FNARE 0] 83 el = dabkstebA(CO)
7] 2ol 17l 7t AP ARl g3 w3
ISR 2005~2013  m A& G374 - 20130
(2016) (99) e I VAR S, o}&4k712~(S02),
A A3 23l u A H A (PM10),
Y73 AwA S A8 dAakstea(Co),
o]aka}d 4 (NO2),
Q2F(03) E5F A}
Frell g & v
- AHSE sk,
A ApgAret dd o}3 7k~ (S02), WAl
0007 ~00] &84 W7ledEd  wA(PMI0) FEIE S
A Y s, O 7AEE Sl wek 28] AeArY
(2017) (54) o83t AW IEA] 9 Eo] 57
= U710 G EA ) Ay Ay

. 9E3} vl AR
7 Sl et

O -
A E A ST
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C. 3387 (kriging) 71

el Alkriging) /1WE FE SRAEE oIk A5G0 HE Ao
we FAFE APEolAT AFA) B Aol AAM(£AY 9, 2009) &
S el B S SAE 00 T4 e 4E B4 (spatal

th(£29 9], 2009; AT, 2011).

AA ke Az

oé":
L
o

autocorrelation)®l] A3l

FARRE PAen 1

o:
e
r
)
Ll
o
ofo
ol
ol
92
>
b
N
X
i

=] 714 ¢

(kriging) 7IWHe] A WA= AA S8%ES A dHdosE Yep+= 438
2 o2l 13 (empirical variogram) 3

Wz o reole FhdolE e AL urE‘rlH—t— A=A A ZEA S Holy

o
b
oot
>
N
rlr
Y,
o
E
b
By
OO
£
\\]
(e}
(e}
N

A7IM, NE BT ECIH, P PIXHSA HRoA Y B3, de PABS
A FHgolA FHe VARSA HAR A A, Pie ZIA#SRAY B#=
#, me 7t 0 FAE SE AREE AR F Jlgolnk(elr]st 9, 2012;
3] 9], 2018).

A8 7 (kriging) 2 IDW(Inverse Distance Weighting)9t= E8 ATE

05
g e slstel wmEAme] I FRFEET PHEE WEAYS

r

P
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(semi—variogram)7} Q& Ankx o7 g FHHoR AL o]x| 47|
ol wHEAREEE syl flste] AR E7IAEE RREARE B E
oF 3ht}(o]713} 9], 2012). HE 44 z1+74

= o]&sto] (E717Ad+ %ﬂ)" HeAWe Aus 1HY RHEARS Hatsto]

b &
[
ok

Aglel wE AEH F=(experimental semi—variogram)& S=%3l4]
(o718} 9, 2012) 4 gtetd =4 @9 2t
r(h) = o Do, () + 1) ®
ni=

o714, v(h)= 714 (lag distance) holl ujst REEAMSF x&= W
(variable) 9] 9], z(x)= 9= xolA WaFe] 7k ne Er)Age FeAz=S
aH g 3 el EAskE AR A AFE rga(o]7]st £, 2012).

Egh o] A3 e APA wrEARteRs A2 (kriging) 480 E7HsS
ng AFgA wEgeE 7P 2 1383 ¥ (Gaussian, Exponential,
Spherical &)& AgatA =W, olef & RFPS o] &3 vHIAgIFE A4
HEE- A= (analytical semi—variogram)@fal dkch(o] 78} 2], 2012). +89 =
g2 ditxlow 7P @ol AMRHE IR ER, 32k va FHE AN

range) oAl W 2] @ 1 (variogram) %ko] FEI (sl LA 3=

ox
8=
Y
o .

J|m

o As g 1 (cross variogram)©]

el
=
gt Bow Fole] MRS Fxae #AE 7 (co—kriging)ell o] &% ™, 7+ W
0 Ll

& o 18 WM3EEe] ZAlstE A A1 A g 213 (indicator variogram)
2 AARF A8 A (indicator kriging)oll o] &Hth TS5 s 2Ad HgL

e AdsE WEe BE4Ee oo T AF xs x+hol AP whol
AR ARRG 2T G2 £ T BT FHU D AL WA2280 T3

Atk 714 he lag\“/‘r B

(semivariogram)< @o] o]

§i
o
¥
é‘é
(e
fru
fa
o
ot
% )

o] 1/291 AuHg] Q1
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AAE Atss ARty om o] AAILA AF3d (positive serial correlation)
S 7HA AL Qlem g, &3] IAAT] FTAE RAihHI s AEHS ofr) e
o oolyst EAEE slA3t7] #9138 Generalized Estimating Equations(GEEs)
of A Wetow v

o] o
A=

3| /})]—37‘:]—/\6] J—Mg)

AAGRRS AALH JEYe FeHor A

smoothing Wehe Uwhkx ¥ols 3|FAEA N FA4

ABIE AL A FE ABT ¢ g

A ARl A st

=
=}
AT Al xApelmr A Fo Aol
s

J

BYE BAF AGS A3 Yy ARz,

WA ol i ZHAE u B s, 54 @l y el Abxdo] Az

54 @3 ol wAY & Atk

Pr(Y=yu)=yue../y!

I
A
i
b
-9,
oy
_L

A (Poisson process)S A7k
w2 S g oz ATt e} Wl 4
ATk 1B ol ¥

62—}'—\— -
2 AR A SE 4 @ 2ol AeE F ¢

_‘7;
=

InE(Y)=3,+08,X,+ ... + 3,X,

p=p
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el
00

)
5

I3

SH=(smooth function)® o]

s, 54 @st ol 7]

ATH(AWA, 2017; Hastie & Tibshirani, 1990).

o] 7}&3s

wul
HFH 0 2 General Additive Model(GAM) 9]

~

A1
S, (X)) + o+ 8, (X,)

3o filtering

S

TAl a1y
(A A, 2017; Schwartz et all.,, 1996).
7 de] 2ole

Log[E(Y)]

=
K3

2017; Cleveland & Devlin, 1979).

18

el
GAMeIA AHgd %

LS|

LE]

23]

zr
H

Hol= Ao e

=

=

F}(lag effect)

=R
- 25 -

| AA

o]

=

=

AX o= Long term trend®
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L
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e
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td
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lo
a2
§|>L
=y
Ll
e
=
_0|L
k]

+
+Loess( AEE)+ 0 dHSE

o] ol ANE &Eotd], WP EE FX7F S weh AR Ay

Foll m A= A EE(RR)S 95% A1 FIHCDE ALttt
+ 7F4 3ol polynomial distributed

lag model & A5t 7| ode] AZdS Hrle XA G} (Lag effect =
< induction time)& i1#3le] 3} =
(84, 9, 2004). webd 54 2o AMEA £ GdY 7]
(lag0), 19 H(lagl), 29 H(lag2) o2 o] 2
Age AAdadnE Frtstr] st M =2 AdHEArE 2Y wE skl

el
B
=
ﬂ
no, ©
o,
2
g
N
N
re
fol
H

(=874, 9], 2004). =3 FHAAGHE aeste] FIFH 19 d(lagMl),
FARE 29 H(lagM2), FLFE 3Y H(lagM3) To2 Yo FrtzE 24
shtE Eopf 3T EA M= FAAG A5 (exponentia) & FEFo] 4
NP =sE A= & ok 72 gr|edELY] 3 AASTE g & u 2954

=
100€H9] (unit) 5743 AoiId =t 95% A=3hs 54 @3 #Zo] ¥
- ATt

RR=exp (100X ) @
95% CI= exp (100 X £ 1.96 X Std. Error)

A4 2w A WAt MEYEIL Aolsk r) W] LPEAe] A
o) mvbs Adwky gE J1Fe] BASHEBE AAMFAA 25%4 75% Aol
of SFsHe AHEAFE ALgs] ARAFNG FE FHE W AT o

i S fddo] deAE AV EAT(HEHE X 9, 2015 =84 <], 2004).
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E. ARIMA 23

1. ARIMA ®39] A9

VAT Aoz dake) WaE J1%F A4 HoEE olgee v

ol Slo &A1 Wge) AL Fef ix] dSAol TANAM A
hvi}

3 et & g vk (g g, 2020).
Aol o] &&= AAIE EFHL Yuled} Walk’} A¥H3 A.R(Auto
Regression: A& 3] 7)<} Slitzky7F dH3e M.A(Moving Average: ©]-&% )

971, 1999; FA&, 2005). 12]al Box9} Jenkins(1976)& o] 3t WHES
dEste] AFEg el giaEARl AAE EA4E] ARIMAE AHSTH(Eaw,
2005; Box et al., 1994). ARIMA =3 A.R(Auto Regression, A& 3]
°F M.A(Moving Average, °l&3+)7} Agste] 7489 HARLES ondot
(AW 9], 2012).

ARIMA AAGEAE A thpd 2ok L SAe] A g gov v
S

ot (A E 3k, 2020). Box—Jenkins(1976)= A|AE BAS 93t 394 A

25 Aokt ar, A WA GA= 2E el A¥(model identification)¥HA o] AL,
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=
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R0l FA(parameter estimation)$HAlol™, Al WA TA
3EHA
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R
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(diagnostic checking) A o] o}
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%
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BK
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N

Axd 9 EA x50 Box—Jenkins model

2. ARIMA

Chatfield, 2004).

iy

~

EE o= ARIMAE o] 8319

2
=

o
4

neel

X

3

ARIMAR &S o]&

NALRE
7] dZae). HAe AL wy

&
B 201537149 7], &5A, BMIAIRE o]&

ARA, FF=(2016)

A A3 BMI

=]

171 #fske] 19654
7], =57, BMI|

detel AAA ElolE]

Ao

[e)

lo]l W= ARIMA(p,d,q) %

°

&

(2017)
Fol A7) dyx =2

S

=

& AEsEiolth. ARIMAR oA ol
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&
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==
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=
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<
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A9 (Polluted Air Area: PA)

[eZ]

o1

7 Aukx] < (Normal Air Area: NA)o| A

Etylbenzene, Xylene, Styrene, HCHO2] 2. 437 A7} AP}t F+ A

1o

= 7o,

o F47)

i

As

o] 80%<]

JJo

o

AAE R

3. (Recovery)dll

S5 .0 S 1=}
2 5-s 2516
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2. Q7189 A7 =& 4 Wy

o

—

L&A FollM il mE A g dEFS Hrkskr] flske], 2010

A
ARE 2018 7hA19] S-2ubet 177] Al 8] Al 5t o= Skl o
7199 11270 Al-%=9] 398719 #5AE Udow e o835t Al-=e
A 7] Al Hatgks wEste]l Z A A E A sk

AT AdERE agste] EFAFEE 2 SEATAS] ATA A
Al 2018 1295, 1€ A, 2/1€ A, ... 36712 A7AE F€E(lag=0)
8 10 A((lag=1), 270 d(lag=2), ... 3670¥ H(lag=36)7kA1¢] +7
H 7| 9sEE A8ste] TEAEEE 2 FEATEse] A #d
dol AlY =& 717HE AA sl

W79 w0l U EEAEAD L SAATAD APy AP wal

e, 249, M5 @

flo

Hol ofF-Hl FAo] gd A AL
(¢}

, S,
A5 S AASA ARIMARES A4 Agsiglvh(o]ds, AAF, 2017).
tgow zee Ay HHe ARIMARE I} o}A71~(S0,), Y4kster
2(CO), o]atsbd 2 (NO,), 25(05), WAHA(PM) 9t SEHASES 4 &35
AFAZ Mg e dFgo] ARW AFTRA 717k HAghs diFEeR
HeEE Frlete 2ys FAST v Ho R, nHdSS F4E gy
(parameter)#2] #HAS §sto] MeE E3o] wFs=AE 2k ACF, =t
PACFO] #4¥} WAz &o 2 e 5HE Ssiivk(o]lds, AAF, 2017).
ol#]gt ARIMAMNYEF S Z3ote] A7) g3 EAoF-5 &

Aoz RYS 7
E3l 3o MelgEl 2go] 20199 1¥5E 6¥714 =
Aol Ak Qdol ok v ats ASFeAth( ol g, AAHS 2017).
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V. 9+ A3

A d712E A8 AALE A

201038 2018714 f-2juet thrjedede] AAEds Z4s83ith
%

oFF7I(S0,) FEL] AAD B <E V-1>3} o] Ak o2 20109
FH 20139704 AFOR e olFd 201495 He HAHOR fhast

FAE YeEhha o

® V-1, ofshib7bs s AAE 4] A

. @z as e -
= (k9] ppb) (%1t ppb) 25% 75% (-1t ppb)
2010 5.1025 3.8112 4.0608 5.9680 7.4085
2011 5.1238 3.8877 4.2260 6.1062 7.0435
2012 5.1625 3.5998 4.1519 5.8683 7.8849
2013 5.3591 3.9799 4.2652 6.1990 7.6510
2014 5.1419 3.8619 4.1399 5.8225 7.3678
2015 4.9246 3.8167 4.2379 5.8294 6.0579
2016 4.5240 3.6414 4.0431 5.0486 5.3601
2017 4.2738 3.3623 3.6427 4.8172 5.0462
2018 3.9018 3.0711 3.5454 41177 4.7712

2. GAkstels: T
AALEEFA(CO) B%o] AAY AFS <¥ V-2>9 o] Aulg oz 201

= “
GHE 20139704 aFo s Aoyt olfel 2014dFE s HAHOR A

= FAE YeEha i
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F V-2, distea 5= AAD #4243

e Pt Hx HEH A
= (91 ppm)  (H91: ppm) 25% 75% (&1 ppm)
2010 0.5386 0.4159 0.4317 0.6551 0.7466
2011 0.5255 0.3892 0.4152 0.6126 0.8113
2012 0.5210 0.3920 0.4204 0.6170 0.7144
2013 0.5336 0.4013 0.4284 0.6190 0.8165
2014 0.5217 0.4033 0.4233 0.6174 0.7314
2015 0.5163 0.3847 0.4137 0.6168 0.6882
2016 0.4969 0.3789 0.4230 0.5735 0.6355
2017 0.4882 0.3837 0.4187 0.5655 0.6226
2018 0.4699 0.3536 0.3865 0.5735 0.6112

3. R &=

QF(05) 59 ANAYG HTE <3k V-3>3} o] Aukx o=z 2010d5E 2017
WAA Frkske FAE UERd Fol 20186lE Haste FAE UEla givh

E V-3, 9F ¥ AAYG 24 A

Az B =ES HEAT A
= (H91: ppb) (<1t ppb) 25% 75% (&1: ppb)
2010 22.3079 14.4020 17.2593 28.5563 34.1574
2011 23.3840 14.5416 18.0944 31.7383 34.1183
2012 25.0489 15.1525 17.7704 32.4156 38.8216
2013 25.9454 14.5943 18.3824 33.4004 38.8347
2014 26.8741 15.2605 17.7497 34.2829 44,3584
2015 26.4907 13.2892 17.4982 31.9384 39.5569
2016 27.0005 14.3768 18.4428 34.4157 42.7200
2017 28.5295 16.1867 20.1183 37.1516 42.2617
2018 27.1880 16.4273 19.4286 35.4020 39.6112
- 43 -
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4. oA L FE

o] 2k8} A 2 (NO,) F&o] A7
BE 20139d7bA] AZ oz Ab

FAE dehia g,

<E V-4>9} go] AurH o 20104
Z O

O
g o]l 2014dFHE HAHoR it

T V-4, oA A BE AAY B4 Ay

e B Ha YEHN Hd
i (F9): ppb)  (TH$: ppb) 25% 75% (91: ppb)
2010 25.2397 18.4402 20.8971 28.7112 31.9391
2011 25.1461 17.8943 21.0102 27.6082 34.9737
2012 23.9509 15.4901 20.2924 27.2570 29.1316
2013 24.8622 15.5970 20.9911 28.1509 33.7553
2014 24.7199 17.5095 19.8477 28.7743 31.9126
2015 23.9444 16.6255 20.1267 27.8721 29.2465
2016 23.4676 17.2806 19.9166 27.4548 28.3030
2017 22.3656 15.5062 19.0336 26.3763 27.7980
2018 20.5910 12.8494 15.2538 25.6013 29.1703

5. HARA] &

v AH 2] (PMy) %2 AAIE HE&2 <3x V-5>9} go
Z = e}

]
WRE 201874 AAH o2 Hasts FHAE YeERd L o

V-5 WAEA FE AAG B Az

= Ht , HXx , R Ao t
= () /) (] /) 25% 75% (e /)
2010 51.5537 32.2181 38.3565 62.2227 73.3650
2011 50.5551 31.9649 36.7471 64.5009 74.9217
2012 44,9522 26.9682 35.0791 53.4835 57.8808
2013 48.8245 33.6562 38.7257 58.8891 64.4792
2014 48.8986 32.1144 38.6465 58.8652 67.3356
2015 47,7479 30.4883 36.6181 51.5417 75.6676
2016 47.0975 30.4932 37.8396 54.3149 67.3661
2017 45.5577 25.8290 35.4435 56.0836 62.1984
2018 41.6641 24.3753 29.1124 51.5783 56.1795
- 44 -
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1 d71ed V] =29 SFAZEAS APTEA HF

B ATl s Adads adste] FUlag=0)FH 119 d(lag=11)7HA

of 7193 TEASES APl dEdo] Ad £ 71k AdAsAH.

1) obgA7ks @71(11d) =53 S F5AS2%

[

>
-
o
uy
‘-l
>
)

n U

o}FAal7E~(S0,) B 11U =E7 SEASES AR 98 AdE < IV
—6>3} o] vt Ry foA HF A= v E (parameter) 9] 7HeE
H] 7}o] A (likelihood ratio chi—square)©] 1664.918(p=.000)% }E}STH

setre FA4(B)E BdU(lag=0)o] —.406, 12 HA(lag=1)°] —.624, ... 10
o H(lag=10)o] —.3329} o] YERRtTE 119 A(lag=11) ]3] FaFo] W&
Ao® Yeheth =, 119 Z(lag=11)9] Exp(B)7} 1.0000.2 APgEA 93]
19 =71 VElsEaL, o}3al7b(S0,) Bt F=E 4.747(ppb) & YFERRTH

2

F V-6, o7z ©@7](11Y) =53 S3ASES AP 919 2+

7HaRE

= o
717k 1t (ppb) B xFxt Wald oA E p Exp(B)
lag=0 3.868 —.406 .0219 342.351 0.000 .666
lag=1 3.936 —.624 .0235 705.037 0.000 .b36
lag=2 3.528 —.612 .0234 684.496 0.000 .42
lag=3 4.201 —.682 .0239 810.848 0.000 .506
lag=4 3.117 —.684 .0240 814.355 0.000 .505
lag=>5 3.363 —.638 .0236 729.880 0.000 .529
lag=6 4.051 —.636 .0236 727.242 0.000 .529
lag=7 3.714 —.549 .0229 572.487 0.000 578
lag=8 3.463 —.622 .0235 701.805 0.000 537
lag=9 4.569 —.466 .0223 435.113 0.000 627
lag=10 6.042 -.332 .0215 239.438 0.000 17
lag=11 4.747 02 1

2. T2 Yol 0o 7 AA
215 (LL)=-59.233, Akaike X (AIC)=142.465, Bayesiand H.(BIC)=148.284
Q-EH|7 o)A H=1664.918(p=.000), Wald7}Fo]A|55=1825.383(p=.000)
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2) AiBEs Br(119) =23} SFASLY LA 9%

2ks}et =3 TFASAEI APGEA QY dyeE <X
7> 3} 2o Fo94d A5 A= I H (parameter) 2
H]  F}o] A (likelihood ratio chi—square)©] 1664.918(p=.000)%

14

B>
o
c
i
N
—
-
e
1~F

0
V

uN
o,
<
o
o

N
)
olr

<
o
LM
i

-L}E}“]H FAX(B)+= DU(lag=0)o] —.406, 1¥ H(lag=1)°] —.624,
10¢ H(lag=10)°] —.332¢} Zo] yepdtt. 2% 11U H(lag=11) vl&)| g
o] ¥k Zlo g el

=, 11Y4 H(lag=11)¢ Exp(B)7} 1.0000.% Al $13o] Ad &
Ao YeEgar, oju UAsteErA(CO) Hit F=E .901(ppm) = YERRLTE

@7] 119 5o dAsErA(CO) wES TEATHEE AP RA g BT
o8 F3fo] o= AoE YEhga, 11Y H(lag=11)o] AY =4 ekl

3 V=7, dAbsteta @7)(11Y9) =53 S 5A84 s Aigdal 918 23
N MR %E
71zt B (ppm) B EFA Exp(B)
Wald 7o) Al D

lag=0 661 —.406  .0219 342.351 0.000 666
lag=1 662 -.624  .0235 705.037 0.000 536
lag=2 454 —.612 .0234 684.496 0.000 542
lag=3 587 —.682 .0239 810.848 0.000 .506
lag=4 .394 —.684 .0240 814.355 0.000 .505
lag=>5 .384 —.638 .0236 729.880 0.000 .529
lag=6 628 —.636 .0236 727.242 0.000 .529
lag=7 617 —.549 .0229 572.487 0.000 578
lag=8 391 —.622 .0235 701.805 0.000 537
lag=9 .859 -.466  .0223 435.113 0.000 627
lag=10 1.071 -.332 .0215 239.438 0.000 17
lag=11 .901 0? 1

a =EY HFo|RE 002 AR
239 %(LL)=-59.233, Akaike 3 H.(AIC)=142.465, Bayesiand B.(BIC)=148.284
$-TH)7bo] Al F=1664.918(p=.000), Wald7}o] A H=1825.383(p=.000)
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STEATEE AP Y

19 =59 SFASES A 98 A3 <3 V-8>3
Hs A= g H (parameter)®] 7he:E H]
ZFol A3+ (likelihood ratio chi—square)©] 1664.918(p=.000)= YEFRLTE.
sepnle] FAA(B)E FTUag=0)°e] —.406, 1¥ H(lag=1)°] —.624,
10 H(lag=10)°] —.332¢} o] Yepxtth. E5F 119 Hd(lag=11)°]
FaFo] F& Ao F EMRT
119 A(lag=11)¢] Exp(B)7} 1.000o. 2 A}gdbAl $18o] A
= YEbstar, ol ©E(0;) B 6.303(ppb) & UFEFRLTE
IEATES APEEA o] B Fo

19 H(lag=11)o] ALY =A e}

H]

o
3L o

T -
o -1

E V-8, 0F @1(119) wE3 SHAEAD AP 99 A3

A o) B EEeA T8 Exp(B)
lag=0 11.270 —.406 0219 342.351 0.000 .666
lag=1 10.546 —.624 .0235 705.037 0.000 .036
lag=2 23.505 —.612 0234 6384.496 0.000 .042
lag=3 17.909 —.682 .0239 810.848 0.000 .o06
lag=4 24.885 —.684 0240 814.355 0.000 .505
lag=5 24.951 —.638 .0236 729.380 0.000 029
lag=6 8.141 —.636 .0236 727.242 0.000 529
lag=7 8.307 —.549 .0229 572.487 0.000 078
lag=8 29.203 —.622 .0235 701.305 0.000 .037
lag=9 13.797 —.466 0223 435.113 0.000 .627
lag=10 4.528 —.332 .0215 239.438 0.000 117
lag=11 6.303 0? 1

a. T5% 4o

B2 002 A4

E2I9%(LL)=-59.233, Akaiked H.(AIC)=142.465, Bayesian® H.(BIC)=148.284
FIEH]FFo] Al =1664.918(p=.000), Wald7}o] A =1825.383(p=.000)
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4) o]2tstd 4 &71(11Y) =53 TFAF

o] 25} A A (NO,y) @] 11Y &3 T 5A54% A}

IV-9>¢} Zo] yetwt. 23 FoA
7Fe X H] F}o] Al (likelihood ratio chi—square)
E}SLTE

stepie 2AA(B)E B (lag=0)o]

o

]

A

e

% 99 A% <

y}2}) €] (parameter) ]

1664.918(p=.000)& 1}

—.406, 19 H(lag=1)°]

—.624, ...

10¢ Hd(lag=10)°] —.332¢9} o] YelTE ZF 119 H(lag=11)°] 43|
dgFo] w2 Aoz e

= 119 A(lag=11)9 Exp(B)7} 1.0000.2 A}l 9do] Ad =& A
e}

A% WEeeh) B EEeA diicks Exp(B)
Wald 7}o| Al

lag=0 31.010 —.406 .0219 342.351 0.000 .666
lag=1 29.047 —.624 .0235 705.037 0.000 536
lag=2 13.014 —.612 .0234 684.496 0.000 542
lag=3 25.616 —.682 .0239 810.848 0.000 506
lag=4 10.229 —.684 .0240 814.355 0.000 505
lag=>5 13.180 —.638 .0236 729.880 0.000 529
lag=6 31.002 —.636 .0236 727.242 0.000 529
lag="7 32.920 —.549 .0229 572.487 0.000 578
lag=8 11.882 —.622 .0235 701.805 0.000 537
lag=9 34.485 —.466 .0223 435.113 0.000 627
lag=10 52.106 -.332 .0215 239.438 0.000 717
lag=11 45.543 0? 1

a. =By HEo|HE 007 HA
2195 (LL)=-59.233, Akaike A 1.(AIC)=142.465, Bayesian ®.(BIC)=148.284
L-LH)7Fo) Al 3=1664.918(p=.000), Wald7}o] A =1825.383(p=.000)
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5) MAHA &71(114) =& ITFATEAE AT A A3

U AHA (PMy) @7 119 =F3 54543 Ay 98 ZAxs
<3 IV-10>3 o] yetuttt. By Fo)d A5 23= v H (parameter)
o] 7Vs= W] Z}olA|F(likelihood ratio chi—square)©] 1664.918(p=.000)%
e T

ggu e FAXB)E FU(ag=0)°] —.406, 1¢ H(lag=1)°] —.624, ...
109 #(lag=10)o] —.332¢} #Zo] Yttt BF 119 H(lag=11)l] Hl3l]
gFo] we Zlo® e

= 119 A(lag=11)¢] Exp(B)7} 1.0000.2 A 94do] AU H& A
o= YERAL, ojuf mAIHA(PMy) B X+ 80.096(wm?) = YEFRLTH

@7] 119 5k u AR (PMy) =& TEAITAS AP 93 25
frolet dao] = o= YEaL, 1

[e]

F V=10, AR G71(11) =53 SE5A8dS Abday s 23

o HanE
R B B EELA o Eo®)

lag=0 40.398 —.406 .0219 342.351 0.000 .666
lag=1 38.232 —.624 .0235 705.037 0.000 .036
lag=2 29.112 —.612 0234 684.496 0.000 .542
lag=3 43.550 —.632 .0239 810.848 0.000 .506
lag=4 23.288] —.684 .0240 814.355 0.000 .505
lag=5 28.772 —.638 .0236 729.880 0.000 529
lag=6 42.902 —.636 .0236 727.242 0.000 .529
lag=7 31.951 —.549 .0229 572.487 0.000 578
lag=3 31.770 —.622 .0235 701.805 0.000 537
lag=9 75.818 —.466 0223 435.113 0.000 .627
lag=10 96.556 —.332 .0215 239.438 0.000 717
lag=11 80.096 0 1

2 299 o 00 474
2I9%(LL)=-59.233, Akaike X (AIC)=142.465, Bayesian A H.(BIC)=148.284
Q-EH|FFo] A5 =1664.918(p=.000), WaldZ}°] Al H=1825.383(p=.000)
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& Aol AdadE adstel Fd(lag=0)FE 114 d(lag=11)7H4
of 712 @¥ e ASEE Al ddgdo]l Ad 2 VIS Al

1) ol3i7t~ @7](119) =89 c8A8ZE AT AE
o7~ (S0,) ©Y] 119 =E3 AT AS AR AF A= <2 IV
—11>3 o] YElRtth B39 Fod A% A3 32h|E (parameter)] 7}

5= H] F}o] Al (likelihood ratio chi—square)©] 745.813(p=.000)= L EF%:
dgng FAA(B)E FU(ag=0)o] —.217, 1¥¢ HA(lag=1)°] —.282, ...
10 H(lag=10)°o] —.240¥ #o] YveElRtth 119 H(lag=11)el Hlsl| < 3Fo]
w2 Ao yeEt =, 119 Hag=11)¢ Exp(B)7} 1.000o.% A A
Aol Ad =A YERSEIL, ojwf o} FA(S0,) Hyt $EE 4.747(ppb) =
YeRGTE @] 119 B¢t o} 37hA(S0,) wE2 S3A 5 AR AP 93 o
TE Foldk ko] gl Ao® vehdar, 119 A(lag=11)°] #AY F=A vepstt}

¥ IV-11. o}3xhs @71(11Y) w3 345243 APgerA 918 2y
: o 7VAZE

713k % (ppb) B EFQLA Wald oA Exp(B)
lag=0 3.868 -.217 .0180 145.672 0.000 .805
lag=1 3.936 —.282 .0183 237.890 0.000 754
lag=2 3.528 —=.279 .0183 232.596 0.000 757
lag=3 4.201 —.387 .0189 421.610 0.000 679
lag=4 3.117 —=.375 .0188 397.512 0.000 .687
lag=5 3.363 —.359 .0187 367.381 0.000 .699
lag=6 4.051 —.400 .0189 446.517 0.000 .670
lag="7 3.714 —.306 .0184 275.853 0.000 736
lag=8 3.463 —.328 .0185 312.144 0.000 721
lag=9 4.569 -.262  .0182 207.113 0.000 770
lag=10 6.042 -.240  .0181 176.663 0.000 786
lag=11 4,747 0? 1

a. THE BolBE 008 A
ZI9%(LL)=-62.385, Akaike”J H.(AIC)=148.769, Bayesian’d H.(BIC)=154.588
F-EH| 7o) Al F=745.813(p=.000), Wald7}o| Al E=784.921(p=.000)
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2) dAses @71(11Y) =53 <@AS2E AEAd A%

ettt 23 foAd 2S5 A3 b E (parameter) ] 7}

5= H] F}o] Al (likelihood ratio chi—square)©] 745.813(p=.000)= Y E}RET}.
getrE FAA(B)E FY(lag=0)o] —.217, 1¥¢ H(lag=1)°] -.282, ...

109 #(lag=10)°] —.240% o] Yetwth. EF 11Y9 H(lag=11)° ]3|

go] v Zlo= e

= 119 A(lag=11)9 Exp(B)7} 1.0002.& AbdAl 93o] AU =&
(e

Ao Yepa, oju d4ksterA(CO) Bt %= .901(ppm) = YEFRET
] 119 &2t YAsteA(CO) =52 c8AlTAS AP 93l 25

frolek ko] = Aoz YElga, 119 A(lag=11)°] A =4 el
E IV-12. dAsted @7](11Y) =53 A4S AAgdd o8 44
AR HTopm) B mESH — 7};;?"* Exp(B)
lag=0 .661 —.217 .0180 145.672 0.000 .805
lag=1 .662 —.282 .0183 237.890 0.000 754
lag=2 454 —.279 .0183 232.596 0.000 757
lag=3 5871 —.387 .0189 421.610 0.000 .679
lag=4 .394 —.375 .0188 397.512 0.000 .687
lag=5 .384 —.359 .0187 367.381 0.000 .699
lag=6 .628 —.400 .0189 446.517 0.000 .670
lag=7 617 —.306 .0184 275.853 0.000 736
lag=8 391 —.328 .0185 312.144 0.000 721
lag=9 .859 —.262 .0182 207.113 0.000 770
lag=10 1.071 —.240 .0181 176.663 0.000 786
lag=11 901 0? 1

a. SE¥ Holug gos AR
239 %(LL)=—62.385, Akaike d ®.(AIC)=148.769, Bayesian@X.(BIC)=154.588
L= H] 7o) AlF=745.813(p=.000), Wald7}o| Al 5=784.921(p=.000)
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3) & @7](11Y) =53 3IATAE AHYTA 93

)

2

2F(0:) 7] 11Y =& T8ASHES APPRA 98 d¥ae <x V-13>3
Zol uetwtth 2y {Fo4 HF A= FebvH(parameter) 9] 7HsE
| ZFol Al 9 (likelihood ratio chi—square)©] 745.813(p=.000)% YE}F%T}.
getrE FAA(B)E T (lag=0)°] —.217, 10—; A(lag=1)°] —.282,
109 #(lag=10)°] —.240% o] vttt B5F 119 H(lag=11)°ll Hla FaFo]
o Ao g eyttt

= 11¥ A(lag=11)9] Exp(B)7} 1.0000. 2 Apgubal ¢3o] AU =& A
o= Yehgal, ojul 2E(0;) Hit FEE 6.303(ppb) 2 LFEFRTE

97 11Y 5o 2E(0;) & FEAEASE AR Sl B fre

 F@o] = Aoz yERaL, 11 d(ag=11)°] AL A HEbRH

ju)

E Vo183, 0F W(119) w3 #AEAE AA 99 A3
R BEeR) B mEed ST Exp(B)
lag=0 11.270 -.217 .0180 145.672 0.000 .805
lag=1 10.546 —.282 .0183 237.890 0.000 754
lag=2 23.505 —.279 .0183 232.596 0.000 757
lag=3 17.909 —.387 .0189 421.610 0.000 .679
lag=4 24.885 —.375 .0188 397.512 0.000 .687
lag=5 24.951 —.359 .0187 367.381 0.000 .699
lag=6 8.141 —.400 .0189 446.517 0.000 .670
lag=7 8.307 —.306 .0184 275.853 0.000 736
lag=8 29.203 —.328 .0185 312.144 0.000 721
lag=9 13.797 —.262 .0182 207.113 0.000 770
lag=10 4.528 —.240 .0181 176.663 0.000 786
lag=11 6.303 0? 1

a. THE Eoln® o' 44
23952 (LL)=-62.385, Akaiked H.(AIC)=148.769, Bayesian’d E.(BIC)=154.588
FLH] 7oA 3=745.813(p=.000), WaldZ}o] A 5=784.921(p=.000)
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4) o) dsE A @7 (1149) =

i\
&
)
rlol
A
ol
i
rlol
>
o
=3
o
4

o

o] 2kt A A (NO,) @7 119 =53 3AEHS A 99 A=
<3 IV-14>¢%} o] yewtth. =¥ FoA HF Ay v H (parameter)
o] 7}sk H] FlolAlw (likelihood ratio chi—square)©] 745.813(p=.000)=
e T

gty F4X(B)e= T ag=0)°] —.217, 1¥ H(lag=1)°] —.282,
109 #(lag=10)°o] —.2407 o] YerWth BF 119 H(lag=11)l] Hl3l]
gFo] we Zlo® e

=, 119 #A(lag=11)2] Exp(B)7} 1.0000.2 AlgabAy 9go] Ad ¥ A
o= ek, ol o]AksEd A (NO,) Bt =% 45.543(ppb) &2 LERRLTE

@7] 119 Fete] o]atatd A (NOy) =EFS w3548 Al g 25

o

Toleh dEFol = Aem yEhgal, 119 H(lag=11)°] AL 57 HEEt

F V-14. o]3tstd 4 @71(119) =3 SSAT2S AEA 919 23

N 7HRAS
717k %+ (ppb) B EFa Wald 1ol A Exp(B)

lag=0 31.010 -.217 .0180 145.672 0.000 .805
lag=1 29.047 —.282 .0183 237.890 0.000 754
lag=2 13.014 —.279 .0183 232.596 0.000 7157
lag=3 25.616 -.387  .0189 421.610 0.000 679
lag=4 10.229 —.375 .0188 397.512 0.000 .687
lag=5 13.180 —.359 .0187 367.381 0.000 .699
lag=6 31.002 —.400 .0189 446.517 0.000 .670
lag=7 32.920 —.306 .0184 275.853 0.000 736
lag=8 11.882 —.328 .0185 312.144 0.000 721
lag=9 34.485 —-.262  .0182 207.113 0.000 770
lag=10 52.106 -.240  .0181 176.663 0.000 786
lag=11 45.543 0? 1

a FEY Hgo)ug 007 A4
2395 (LL)=-62.385, Akaike dH.(AIC)=148.769, Bayesiang H.(BIC)=154.588
Q- H])F}o) Al =745.813(p=.000), Wald7}o] Al 3=784.921(p=.000)
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5) HIAHZA @7 (119) =& <8AES AT 9E
HAHA(03) ©7] 11Y =53 8448 Ay 98 A3= <x IV
—15>¢} o] yetwth Ry FoAd AS A= v E (parameter) 9] 7hs
%= H] F}o] A (likelihood ratio chi—square)©] 745.813(p=.000)= }E}%T}
EMU]E% FAANBIE TUUag=0)°] —.217, 1Y Xd_(1ag:1)o1 —.282,
0 d(lag=10)°] —.2403} o] YEtxteh 25 114 A(lag=11)°l vl
gko] yro Ao 7 el

Z 119 A(lag=11)9 Exp(B)7} 1.0000.2 A}Al 9)3o] A o A
o2 yEeRgal, olu] 2F(0;) i %+ 80.095(w/m?) &2 eSS
7] 119 B¢k ©.F(0;5) 2 FIAEES A Qo] BF fo

19 d(lag=11)°] AY =4 YEFRT]

F IV-15. mAA] G71(11) =3 sdAed S Abday fd 23

. 7HaRE
712t HF () B EEA Exp(B)
Wald 7Ho] A& p

lag=0 40.398 —.217 .0180 145.672 0.000 .805
lag=1 38.232 —.282 .0183 237.890 0.000 754
lag=2 29.112 —.279 .0183 232.596 0.000 757
lag=3 48.550 —.387 .0189 421.610 0.000 .679
lag=4 23.288 —.375 .0188 397.512 0.000 .687
lag=5 28.772 —.359 .0187 367.381 0.000 .699
lag=6 42.902 —.400 .0189 446.517 0.000 .670
lag="7 31.951 —.306 .0184 275.853 0.000 736
lag=8 31.770 —.328 .0185 312.144 0.000 721
lag=9 75.818 —.262 .0182 207.113 0.000 770
lag=10 96.556 —.240 .0181 176.663 0.000 .786
lag=11 80.095 0 1

a. =EE Hgolng 002 AA
219 (LL)——62,385, Akaike 4 E.(AIC)=148.769, BayesiandE.(BIC)=154.588
L5 n]7}o)A|5=745.813(p=.000), Wald7}o]Al|5=784.921(p=.000)
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C. B71ed A7 =3 AlgTA 93
1. d71e¢d A7 =29 SFAZEAS AR HF

B Ao s Adars nefste] TFATAR AP A LR,
IHE A, 249 A, .3670E NS F93ag=0)%E 1709 H(lag=1), 2
N A(lag=2), ... 36719 (lag=36)74119] *FAd 7] 2P Fws &5t

TEASAS ARl Aol Ald =L 7IZbe AAslYh

o} at7t2~(S0,) 7] 3670 =E¥ SFASEE AR 98 Ane
<3 IV-16>3} Zo] Yttt 2ye] Fo4 HE A= 32| g (parameter)
o] 7Vsx= W] F}o]A|t(likelihood ratio chi—square)©] 3563.131(p=.000)%
LHERSE T

ggn e FAA(B)E FE(lag=0)°] .461, 171¥ H(lag=1)°] .244, 271
A (lag=2)°] .255, ... 1170¥ H(lag=11)°o] .8683} o] Yelyitl. =¥ 36
N H(lag=36)0l vl FaFo] & o= e

= 11709 H(lag=11)9] Exp(B)7} 2.381% Apgatal ¢3o] AU =& A
o= yEhytaL, ofw o}&A7FA(S0,) Bt FEE 3.9018(ppb)E LFEFRLT

7] 36718 & ofFarEA(S0,) =ES SHFATAS APTTA AEd
R5 gk 3ol e Aow yewa, 1170 d(lag=11)o] AL =4

e

F IV-16. o7k A71(3670Y) a2 AT ApdEA A 2

- o
A= 1 (ppb) B X2 Wald Tl A1 B Exp(B)
lag=0 3.9673 461 .0273 284.899 .000 1.586
lag=1 3.8975 244 .0286 72.646 .000 1.276
lag=2 3.6819 .255 .0285 80.020 .000 1.291
lag=3 3.5292 .186 .0290 41.077 .000 1.204
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7H4

o|X

A= % (ppb) B EFoxt Wald 1ol A% P Exp(B)

lag=4 3.5182 184 .0290 40.203 .000 1.202
lag=>5 3.5794 230 .0287 64.291 .000 1.259
lag=6 3.6559 231 .0287 65.150 .000 1.260
lag="7 3.6687 319 .0281 128.374 .000 1.376
lag=8 3.7004 246 .0286 73.778 .000 1.278
lag=9 3.7422 401 0277 210.422 .000 1.494
lag=10 3.8357 .535 .0270 394.145 .000 1.708
lag=11 3.9018 .868 .0255 1155.947 .000 2.381
lag=12 3.9366 375 .0278 181.333 .000 1.454
lag=13 3.9434 .156 .0292 28.573 .000 1.169
lag=14 3.9046 .184 .0290 40.377 .000 1.202
lag=15 3.8839 .080 .0297 7.286 .007 1.083
lag=16 3.8614 146 .0292 24.821 .000 1.157
lag=17 3.8609 144 .0293 24.127 .000 1.155
lag=18 3.8907 136 .0293 21.444 .000 1.145
lag=19 3.9397 246 .0286 74.005 .000 1.279
lag=20 3.9731 261 .0285 84.061 .000 1.298
lag=21 4.0219 235 .0287 67.536 .000 1.265
lag=22 4.0559 219 .0288 58.215 .000 1.245
lag=23 4.0878 415 .0276 225.931 0.000 1.514
lag=24 4.1123 .249 .0286 76.065 .000 1.283
lag=25 4.1213 .019 .0301 .382 .37 1.019
lag=26 4.1035 .056 .0299 3.481 .062 1.057
lag=27 4.0893 —.010 .0304 102 750 .990
lag=28 4.0861 .015 .0302 .233 .629 1.015
lag=29 4.0894 .006 .0302 .039 .844 1.006
lag=30 4.0997 .018 .0301 .363 .b47 1.018
lag=31 4.1240 .106 .0295 12.811 .000 1.111
lag=32 4.1446 .063 .0298 4.475 .034 1.065
lag=33 4.1729 273 .0284 92.395 0.000 1.314
lag=34 4.2010 .320 .0281 129.810 0.000 1.378
lag=35 4.2332 203 .0289 49.506 .000 1.225
lag=36 4.2570 0? 1

2. F2H WoluF 007 AR
29-%(LL)=-180.258, AkaikedH.(AIC)=434.517, Bayesian® H.(BIC)=494.121
Q-E=H|7Fo] A5 =3563.131(p=.000), Wald7}°] Al #=3899.155(p=.000)
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2) ditslea ZA71(36719) =& SFAISES AHYTA A E
AALEERA(CO) A7) 36709 =3 S E3ASAS

—17>3} o] Yetwrt By Fod #HS A= v H (parameter)] 7F

5% H F}olAlF (likelihood ratio chi—square)©] 3563.131(p=.000)= €}

3T
*

ggn e FAA(B)E FE(lag=0)°] .461, 171¥ H(lag=1)°] .244, 271€¥
A(lag=2)°] .255, ... 11709 HA(lag=11)°] 8683} o] yElFtl. RF 36
N H(lag=36)0l vl FaFo] & o= e
=, 11709 d(lag=11)¢] Exp(B)7} 2.381= AFIA) 9Jddo] AlY & A
o2 UEebal, oju UdAs A (CO) B FE+ .4699(ppm) = LHEFGTE
7] 36709 Bote] AAEEA(CO) =ES TFTAEAS APTIA 93
11

B fo% 9%l J A0E e, 1148 Adlag=11e] AL A 1}

F V=17, dibstea A71(8670Y) =ad a5Aed s APl 99 23

c g s HaRF

d=  HFbpm) B EFFELA Wald FHo A1 P Exp(B)
lag=0 .0753 461 .0273 284.899 .000 1.586
lag=1 .0861 .244 .0286 72.646 .000 1.276
lag=2 .0395 .255 .0285 80.020 .000 1.291
lag=3 .0005 .186 .0290 41.077 .000 1.204
lag=4 4730 .184 .0290 40.203 .000 1.202
lag=5 4531 .230 .0287 64.291 .000 1.259
lag=6 4449 231 .0287 65.150 .000 1.260
lag=7 4402 319 .0281 128.374 .000 1.376
lag=8 4395 .246 .0286 73.778 .000 1.278
lag=9 .4459 401 0277 210.422 .000 1.494
lag=10 4570 035 .0270 394.145 .000 1.708
lag=11 4699 .868 .0255 1155.947 .000 2.381
lag=12 4798 375 0278 181.333 .000 1.454
lag=13 4836 .156 0292 28.573 .000 1.169
lag=14 .4800 .184 .0290 40.377 .000 1.202
lag=15 4782 .080 .0297 7.286 .007 1.083
lag=16 4726 .146 .0292 24.821 .000 1.157
lag=17 4685 .144 .0293 24.127 .000 1.155
lag=18 .4657 .136 .0293 21.444 .000 1.145
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- = HaRF

A= HF@pm) B  EFELA Wald oI E Exp(B)
lag=19 .4640 .246 .0286 74.005 .000 1.279
lag=20 4643 .261 .0285 84.061 .000 1.298
lag=21 4684 .235 .0287 67.536 .000 1.265
lag=22 47238 .219 .0283 58.215 .000 1.245
lag=23 4790 415 0276 225.931 0.000 1.514
lag=24 4853 .249 .0286 76.065 .000 1.283
lag=25 4883 .019 .0301 .382 537 1.019
lag=26 4878 .056 .0299 3.481 .062 1.057
lag=27 4860  —.010  .0304 102 750 1990
lag=28 4832 .015 .0302 233 .629 1.015
lag=29 AT78 006 .0302 039 844 1.006
lag=30 4798 018 .0301 363 547 1.018
lag=31 4769 .106 .0295 12.811 .000 1.111
lag=32 4773 .063 .0298 4.475 .034 1.065
lag=33 4787 273 .0284 92.395 0.000 1.314
lag=34 4811 320 .0281 129.810 0.000 1.378
lag=35 .4850 .203 .0289 49.506 .000 1.225
lag=36 4903 0 1

2 Z9H Lol (0% A7
27195 (LL)=-180.258, Akaiked ®.(AIC)=434.517, Bayesian 1.(BIC)=494.121
©- ) 7ho] Al F=3563.131(p=.000), Wald7ko] 4 =3899.155( p=.000)

3) & A7186704) =53 ZTEATEE AT A

=(02) 7] 36704Y =& SE5AEAS APTTA 91 A3 <3 V-18>
I o] yetwth RE Fo)d HF a2} u] € (parameter) 2] 7}Hs =
H] Z}o] Al ¥ (likelihood ratio chi—square)©] 3563.131(p=.000)= e}
stetvlE FH4X(B)E FY(lag=0)°] 461, 171¥ H(lag=1)o] .244, 27/1€
A(lag=2)°] .255, ... 11719 H(lag=11)°] .8683% o] eyl =¥ 36
Me A(lag=36)el &l FFo] F& o= eyt
%, 11702 A(ag=11)9] Exp(B)7} 2.3812 APgaA £go] Ald £ Zo=
e, oln ©E(0,) Hi §%=T 27.1880(ppb) = YERRLTE
] 5] 2FE(0)) wES SEAEAS A AFe EF fo
Aoz

2 yebtal, 1170 d(lag=11)°] AL =7 Yebstth

N
%
i
“
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7 IV-18. & A7) (367MY) =27 TZAETAI APEUA 93

B, oy A
lag=0 16.5983 461 .0273 284.899 .000
lag=1 16.5128 .244 .0286 72.646 .000
lag=2 18.5476 .255 .0285 80.020 .000
lag=3 20.9417 .186 .0290 41.077 .000
lag=4 22.4042 .184 .0290 40.203 .000
lag=5 22.8918 .230 .0287 64.291 .000
lag=6 25.2803 .231 .0287 65.150 .000
lag=7 26.9538 319 .0281 128.374 .000
lag=8 28.0428 .246 .0286 73.778 .000
lag=9 28.3729 401 0277 210.422 .000
lag=10 27.9900 .035 .0270 394.145 .000
lag=11 27.1880 .868 .0255 1155.947 .000
lag=12 26.3418 375 .0278 181.333 .000
lag=13 25.7890 .156 .0292 28.573 .000
lag=14 25.6229 .184 .0290 40.377 .000
lag=15 25.8914 .080 .0297 7.286 .007
lag=16 25.9169 .146 0292 24.821 .000
lag=17 26.1305 144 .0293 24.127 .000
lag=18 26.9795 .136 .0293 21.444 .000
lag=19 27.7340 .246 .0286 74.005 .000
lag=20 28.2727 .261 .0285 84.061 .000
lag=21 28.4179 .235 .0287 67.536 .000
lag=22 28.2414 .219 .0288 58.215 .000
lag=23 27.8587 415 .0276 225.931 0.000
lag=24 27.3195 .249 .0286 76.065 .000
lag=25 26.9250 .019 .0301 382 .37
lag=26 26.6918 .056 .0299 3.481 .062
lag=27 26.7392 —.010 .0304 102 750
lag=28 26.9355 .015 .0302 233 629
lag=29 26.9306 .006 .0302 .039 .844
lag=30 27.2872 .018 .0301 .363 .047
lag=31 27.7695 .106 .0295 12.811 .000
lag=32 27.9909 .063 .0298 4.475 .034
lag=33 27.9919 .273 .0284 92.395 0.000
lag=34 27.8543 .320 .0281 129.810 0.000
lag=35 27.5727 .203 .0289 49.506 .000

lag=36 27.1866 0?

a. THE Ego|lBR 008 A4
219 %(LL)=-180.258, AkaikeJ H.(AIC)=434.517, Bayesian H.(BIC)=494.121
F-IEH]7Fo] Al 3=3563.131(p=.000), Wald7}o] A #=3899.155(p=.000)
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4) ol dstd i BA71(36718) =EH TFATEE AEEA 9%

o]AFEt A A (NO,y) 7] 3670 x=Fd SFAGHEST AIA f9 Ade
<3 IV-19>¢} o] yestnl. 3ol fo)A s A= vl e (parameter)
o] 7}Fs& H] FholAlF (likelihood ratio chi—square)©] 3563.131(p=.000)%
vetstth, getrle FAHAB)E FElag=0)o] 461, 17/1¥ FH(lag=1)°]
244, 2719 H(lag=2)°] .255, ... 1170¥ H(lag=11)°] .8683} o] tebwk
o B 3670 M (lag=36)°] Hl3] FFo] & O eI

= 11709 d(lag=11)9] Exp(B)7} 2.3812 Ak 9]do] A & Zo
2 Yebstar, ol o]xkstd A (NO,) Hyt $%=F 20.5910(ppb) &2 YERRLTE

47 36704 Fekel oAt A A (NOy) =EL TEATZEE AbEA 91gd
B frolek o] v Ze® yEhga, 11709 Hlag=11)¢] AY A

EFsk T

- o JHEAS

A= 7 (ppb) B EFext Wald FHl A1 Exp(B)
lag=0 25.6213 461 .0273 284.899 .000 1.586
lag=1 27.3958 244 .0286 72.646 .000 1.276
lag=2 25.1018 255 .0285 80.020 .000 1.291
lag=3 22.4760 .186 .0290 41.077 .000 1.204
lag=4 20.5507 .184 .0290 40.203 .000 1.202
lag=>5 19.4044 .230 .0287 64.291 .000 1.259
lag=6 19.0921 231 .0287 65.150 .000 1.260
lag="7 18.9014 319 .0281 128.374 .000 1.376
lag=8 19.0896 246 .0286 73.778 .000 1.278
lag=9 19.4925 401 0277 210.422 .000 1.494
lag=10 20.0424 535 .0270 394.145 .000 1.708
lag=11 20.5910 .868 .0255 1155.947 .000 2.381
lag=12 21.0459 375 .0278 181.333 .000 1.454
lag=13 21.3908 .156 .0292 28.573 .000 1.169
lag=14 21.2987 184 .0290 40.377 .000 1.202
lag=15 21.2231 .080 .0297 7.286 .007 1.083
lag=16 20.8869 .146 .0292 24.821 .000 1.157
lag=17 20.6270 144 .0293 24.127 .000 1.155
lag=18 20.5261 .136 .0293 21.444 .000 1.145
lag=19 20.5729 246 .0286 74.005 .000 1.279
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- o 7VARAF

A= % (ppb) B EFEL 2} Wald 1ol A% B Exp(B)
lag=20 20.6998 261 .0285 84.061 .000 1.298
lag=21 21.0224 235 .0287 67.536 .000 1.265
lag=22 21.2385 219 .0288 58.215 .000 1.245
lag=23 21.4783 415 .0276 225.931 0.000 1.514
lag=24 21.7513 249 .0286 76.065 .000 1.283
lag=25 21.9781 .019 .0301 .382 .b37 1.019
lag=26 21.9935 .056 .0299 3.481 .062 1.057
lag=27 21.9151 —.010 .0304 102 .750 1990
lag=28  21.7596 015 .0302 233 629 1.015
lag=29 21.6103 .006 .0302 .039 .844 1.006
lag=30  21.5673 018 .0301 .363 547 1.018
lag=31  21.6110 .106 .0295 12.811 .000 1.111
lag=32 21.7424 .063 .0298 4.475 .034 1.065
lag=33 21.9154 273 .0284 92.395 0.000 1.314
lag=34 22.0040 .320 .0281 129.810 0.000 1.378
lag=35 22.1414 .203 .0289 49.506 .000 1.225
lag=36 22.3334 0? 1

2. 29E Lol 002 474
2I9%(LL)=-180.258, Akaike’d H.(AIC)=434.517, Bayesian"d H.(BIC)=494.121
F-XH]) 7ol A3 =3563.131(p=.000), WaldZ}o] Al =3899.155(p=.000)

5) MAERA ZA7](3670¥) =7 TEATEE AIEA Y

v AH A (PMy) &7 36702 w=E3 S5Aed3 Apdaay 98 A= <x
V-20>3 o] Yetstth 2¥Y {94 A5 23 F2v)E (parameter)
7} H]  FFol Al (likelihood ratio chi—square)©] 3563.131(p=.000)=

ol

[BR30e=1
vy FAX(B)E= FL(ag=0)°] .461, 171¥ H(lag=1)°] .244, 27§€
H(lag=2)°] .255, ... 1170 ¥ H(lag=11)°] .8683} o] vte}witt. =5 36

AN Alag=36) w3 FFo] & Aoz byt
=, 11709 A(lag=11)9] Exp(B)7} 2.3812 APgZA 9jdo] AU &= A
o2 yelgar, oju mAHX](PMyy) Hit 35+ 41.6641(wm?) = LERS:
71 3670 Eekel wAAA(PMy) =& SEAEEs APTAY 943401]
o 1170 g A(lag=11)°] AL =4 Y

B ol d@Fol s A

25 as
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F V=20, MAEA Z71(3671Y) =23 SE5ASES AR oY A

A% B (wm?) B ®F0x} ik Exp(B)

= = Wald 7Fo] A&

lag=0 45.1365 461 .0273 284.899 .000 1.586
lag=1 50.5593 244 .0286 72.646 .000 1.276
lag=2 44.6399 255 .0285 80.020 .000 1.291
lag=3 39.5738 .186 .0290 41.077 .000 1.204
lag=4 36.5672 184 .0290 40.203 .000 1.202
lag=5 35.1198 .230 L0287 64.291 .000 1.259
lag=6 35.5788 231 .0287 65.150 .000 1.260
lag="7 36.5332 319 .0281 128.374 .000 1.376
lag=8 38.7161 246 .0286 73.778 .000 1.278
lag=9 39.7849 401 0277 210.422 .000 1.494
lag=10 40.9041 535 .0270 394.145 .000 1.708
lag=11 41.6641 .868 .0255 1155.947 .000 2.381
lag=12 42.1038 375 .0278 181.333 .000 1.454
lag=13 42.5371 .156 .0292 28.573 .000 1.169
lag=14 41.9312 184 .0290 40.377 .000 1.202
lag=15 41.6413 .080 .0297 7.286 .007 1.083
lag=16 40.7112 .146 .0292 24.821 .000 1.157
lag=17 40.3843 144 .0293 24.127 .000 1.155
lag=18 40.4630 .136 .0293 21.444 .000 1.145
lag=19 41.5497 246 .0286 74.005 .000 1.279
lag=20 42.2987 261 .0285 84.061 .000 1.298
lag=21 43.0586 235 L0287 67.536 .000 1.265
lag=22 43.2243 219 .0288 58.215 .000 1.245
lag=23 43.6109 415 .0276 225.931 0.000 1.514
lag=24 43.7856 249 .0286 76.065 .000 1.283
lag=25 44,1473 .019 .0301 .382 D37 1.019
lag=26 43.9692 .056 .0299 3.481 .062 1.057
lag=27 43.7324 —.010 .0304 102 .750 .990
lag=28 43.3902 .015 .0302 .233 .629 1.015
lag=29 42.9603 .006 .0302 .039 .844 1.006
lag=30 42.9483 .018 .0301 .363 .b47 1.018
lag=31 43.3152 .106 .0295 12.811 .000 1.111
lag=32 44.0441 .063 .0298 4.475 .034 1.065
lag=33 44 5379 273 .0284 92.395 0.000 1.314
lag=34 44,6253 .320 .0281 129.810 0.000 1.378
lag=35 44,7731 203 .0289 49.506 .000 1.225
lag=36 44,9243 0? 1

2. F2H Wolug 007 AR
2% (LL)=—-180.258, Akaike 3 H.(AIC)=434.517, Bayesian® X.(BIC)=494.121
L-E=H]7Fo] A5 =3563.131(p=.000), Wald7}°] Al &=3899.155(p=.000)
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2. 4719 A7l =& «cIATEAE AHEEA A%

2 A AAgHdE aHste] SIATES AP AJHQl GERH,
170 &, 2701 A, ... 3671 A7AE 2
MeE A(lag=2), ... 36714 #

(1
T s E g A %“M] dego] AY E2 7]@% 17@,6‘}‘2‘13}.

gull

SD
o
wW
(@)}
_g
Y
o
_L4
=
N,
to
n2
off
=
il
Y
oo
ol
ol
9

1) ohgA7ks 371(36709) =23 SRATAE AFEA 919

oFF a7k (S0z) 7] 3670 =& S3AEAS A A Ade
<3 IV-21>3} o] Yeiwtt 28 fo4 A5 A= F2bv|E (parameter)
9] 7FsXx H] F}olAlsy(likelihood ratio chi—square)©] 1783.583(p=.000)=
e T

geu g FHA(B)E FE(lag=0)°] .069, 17HY¥ H(lag=1)°] .004, 27H¢¥
A(lag=2)°] .007, ... 1170¥ (lag=11)°] .286%} 7Fo] L}E}RLTE.

36709 H(lag=36)l Hl3] 147H¥ H(lag=14)7MA= G3Fo] =& Zo=
UEbsta, 15709 H(lag=15)58 32714 A (lag=32)71A1= G 3Fo] @&
2 vebskem, 33709 H(lag=33)5-E+= oAl 3ol w2 Ao = UERT

=, 11709 A(lag=11)9] Exp(B)7} 1.3312 AFgZA 9jdo] AY &= A
o= yERgkaL, ofw o}&A7FA(S0O,) Bt FEE 3.9018(ppb)E LFEFRLT

7] 36718 Eete] o}l A~ (S0,) wES TEAEAES AR F
R5 fFo8 o] U= Aow vewtal, 1170 Hd(lag=11)°] AY =4 o
Epskt.

#E V=21, o}k A71(3671€) &3 S3ASAS AbaA 919 dn

HaAE

- o

A= 1 (ppb) B X2 Wald Tl A1 B Exp(B)
lag=0 3.9673 .069 .0192 12.866 .000 1.071
lag=1 3.8975 .004 .0196 .035 .000 1.004
lag=2 3.6819 .007 .0195 131 .000 1.007
lag=3 3.5292 —.102 .0201 25.554 .000 .903
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7H4

o|X

o= =063
ik %7 (ppb) B Rl Wald 1ol A% p Exp(B)
lag=4 3.5182 —.089 .0200 19.716 .000 915
lag=5 3.5794 —.073 .0199 13.297 .000 .930
lag=6 3.6559 —.114 .0202 32.187 .000 .892
lag="7 3.6687 —.020 .0197 1.047 .000 .980
lag=8 3.7004 —.042 .0198 4.437 .000 .959
lag=9 3.7422 .024 .0195 1.527 .000 1.024
lag=10 3.8357 .046 .0194 5.528 .000 1.047
lag=11 3.9018 .286 .0183 243.550 .000 1.331
lag=12 3.9366 134 .0190 50.211 .000 1.144
lag=13 3.9434 .049 .0193 6.512 .000 1.051
lag=14 3.9046 .015 .0195 .564 .000 1.015
lag=15 3.8839 —.118 .0202 34.456 .007 .888
lag=16 3.8614 —.150 .0204 54.180 .000 861
lag=17 3.8609 —.145 .0203 50.688 .000 .865
lag=18 3.8907 —.135 .0203 44.074 .000 874
lag=19 3.9397 —.059 .0199 8.937 .000 .942
lag=20 3.9731 —.018 .0197 873 .000 .982
lag=21 4.0219 .038 .0194 3.835 .000 1.039
lag=22 4.0559 —.041 .0198 4.312 .000 .960
lag=23 4.0878 114 .0190 36.049 0.000 1.121
lag=24 4.1123] .044 .0194 5.045 .000 1.044
lag=25 4.1213 —.030 .0197 2.246 537 971
lag=26 4.1035 —.048 .0198 5.987 .062 .953
lag=27 4.0893 —.114 .0202 32.187 .750 .892
lag=28 4.0861 —.128 .0202 39.761 .629 .880
lag=29 4.0894 —.153 .0204 56.209 .844 .858
lag=30 4.0997 —.173 .0205 71.357 547 841
lag=31 4.1240 —.035 .0198 3.194 .000 .965
lag=32 4.1446 —.039 .0198 3.829 .034 .962
lag=33 4.1729 .054 .0193 7.733 0.000 1.055
lag=34 4.2010 .068 .0193 12.463 0.000 1.070
lag=35 4.2332 077 .0192 16.241 .000 1.080
lag=36 4.2570 0? 1

a. =8 E E4o|lng 002 A3
27195 (LL)=-191.960, Akaike J H.(AIC)=457.921, Bayesiand H.(BIC)=517.525
$-IH) ko] Al H=1783.583(p=.000), Wald7}o] Al 3=1828.440(p=.000)
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2) ddgas ZA71(3670E) =Ed cATEE AT 9%

A3t Er A (CO) 7] 36712 =& ¢8ATEE A 98 d9es <%
V—22>¢} o] Uetwth Rl {4 3 Ay dhebv e (parameter) <]
7V = H] ZholAls (likelihood ratio chi—square)©] 1783.583(p=.000)= 1}
E}stTh,

deug FAHA(B)E FE(ag=0)°] .069, 17HY¥ HA(lag=1)°] .004, 27H¥
A(lag=2)°] .007, ... 1170 € HA(lag=11)°] .286%} o] YE}RT]

36709 HA(lag=36)l B3] 1470¥ HA(lag=14)7tA = o] &
yebka, 15708 A(lag=15)48 32719 HA(lag=32)7MA= GFo] w2 Ao
=2 Yelten, 3371€9 H(lag=33)F-E= A dFo] w2 Z o= YER

=, 1170¥E A(lag=11)9] Exp(B)7} 1.3312 Apgeta $go] AU =& A
o2 YEtaL, ojuf dAsEA(CO) Hit sX+ .4699(ppm) =2 YEFSTE

7] 3670€E Botel UAEErA(CO) wEFS TATEST ARy g

1

i‘-l>

OHH

B froldk gl e Alo®m yEbtal, 1170 d(lag=11)°] AL =4
23 a8

7 IV-22. gasteka A7(367019) w27 3423 AP 98 A

- I VAT

9= 7 (ppm) B XA} Wald 711412 > Exp(B)
lag=0 .5753 .069 .0192 12.866 .000 1.071
lag=1 .b861 .004 .0196 .035 .000 1.004
lag=2 .5395 .007 .0195 131 .000 1.007
lag=3 .5005 —.102 .0201 25.554 .000 .903
lag=4 4730 —.089 .0200 19.716 .000 915
lag=5 4531 —.073 .0199 13.297 .000 .930
lag=6 4449 —.114 .0202 32.187 .000 .892
lag="7 4402 —.020 .0197 1.047 .000 .980
lag=8 4395 —.042 .0198 4.437 .000 .959
lag=9 4459 024 .0195 1.527 .000 1.024
lag=10 4570 .046 .0194 5.528 .000 1.047
lag=11 .4699 .286 .0183 243.550 .000 1.331
lag=12 4798 134 .0190 50.211 .000 1.144
lag=13 4836 .049 .0193 6.512 .000 1.051
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- = MR

A= v (ppm) B EFoxt Wald oI E Exp(B)
lag=14 .4800 .015 .0195 .b64 .000 1.015
lag=15 4782 —.118 .0202 34.456 .007 .888
lag=16 4726 —.150 .0204 54.180 .000 .861
lag=17 4685 —.145 .0203 50.688 .000 .865
lag=18 4657 —.135 .0203 44.074 .000 874
lag=19 4640 —.059 .0199 8.937 .000 .942
lag=20 .4643 —-.018 .0197 873 .000 .982
lag=21 L4684 .038 .0194 3.835 .000 1.039
lag=22 4728 —.041 .0198 4.312 .000 .960
lag=23 4790 114 .0190 36.049 0.000 1.121
lag=24 .4853 .044 .0194 5.045 .000 1.044
lag=25 4888 —.030 .0197 2.246 .37 971
lag=26 4878 —.048 .0198 5.987 .062 .953
lag=27 .4860 —.114 .0202 32.187 .750 .892
lag=28 4832 —.128 .0202 39.761 .629 .880
lag=29 4798 —.153 .0204 56.209 .844 .858
lag=30 4778 —-.173 .0205 71.357 .547 841
lag=31 4769 —.035 .0198 3.194 .000 .965
lag=32 4773 —.039 .0198 3.829 .034 .962
lag=33 4787 .054 .0193 7.733 0.000 1.055
lag=34 4811 .068 .0193 12.463 0.000 1.070
lag=35 .4850 077 .0192 16.241 .000 1.080
lag=36 14903 0? 1

a. THE Egolug 007 A4
25 (LL)——191.960, Akaike B (AIC)=457.921, Bayesian ®.(BIC)=517.525
$-EH] 7ol A5 =1783.583(p=.000), Wald7}o] Al 5=1828.440(p=.000)

3) 0F A71(36704) =23} £RATAS APFLA 9
2E(03) &7] 36714 i%ﬂr SHAEASE APPEA Y A <3 NV
—23>%} o] yeut B ol A5 ZA¥= v (parameter) 9] 7F
SE v 7]—0111]*(11kehh00d ratio chi—square)©] 1783.583(p=.000)% }E}
skt
geprle FHA(B)= 39 (lag=0)°] .069, 1714 H(lag=1)°] .004, 271<¥
A(lag=2)°] .007, ... 1170¥ H(lag=11)°] 2863} o] LE}RTH

9

N
<>1N )
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3670Y A(lag=36)° B3] 14701¥ H(lag=14)7tA] = 3o
yelgar, 15709 dA(lag=15)%8 32709 HA(lag=32)7tA= <G o]
Aoz VElon, 337019 H(lag=33)FEHE thA] o] o How

ot

T =
S

27.1880(pph) &=

=, 11701Y H(lag=11)9] Exp(B)7F 1.3312 Ay 93 o]

o2 YEla, olu] 2FE(0;) A

A7) 36709 Fote 2F(0;) =EFS sIdAEHEAS A}
1

o8l oo

a9

2
e

170 Aag=11)°] AL =A YEelSTh

i IV-23. & A7(36709) =& ssAEAs AT od A3
= I TV
ad% 7 (ppb) B EFX} Wald FH AR Exp(B)
lag=0 16.5983 .069 .0192 12.866 .000 1.071
lag=1 16.5128 .004 .0196 .035 .000 1.004
lag=2 18.5476 .007 .0195 131 .000 1.007
lag=3 20.9417 —.102 .0201 25.554 .000 .903
lag=4 22.4042 —.089 .0200 19.716 .000 915
lag=5 22.8918 —.073 .0199 13.297 .000 .930
lag=6 25.2803 —.114 .0202 32.187 .000 .892
lag="7 26.9538 —.020 .0197 1.047 .000 .980
lag=8 28.0428 —.042 .0198 4.437 .000 .959
lag=9 28.3729 024 .0195 1.527 .000 1.024
lag=10 27.9900 .046 .0194 5.528 .000 1.047
lag=11 27.1880 .286 .0183 243.550 .000 1.331
lag=12 26.3418 134 .0190 50.211 .000 1.144
lag=13 25.7890 .049 .0193 6.512 .000 1.051
lag=14 25.6229 .015 .0195 .64 .000 1.015
lag=15 25.8914 —.118 .0202 34.456 .007 .888
lag=16 25.9169 —.150 .0204 54.180 .000 .861
lag=17 26.1305 —.145 .0203 50.688 .000 .865
lag=18 26.9795 —.135 .0203 44.074 .000 874
lag=19 27.7340 —.059 .0199 8.937 .000 942
lag=20 28.2727 —.018 .0197 873 .000 .982
lag=21 28.4179 .038 .0194 3.835 .000 1.039
lag=22 28.2414 —.041 .0198 4.312 .000 .960
lag=23 27.8587 114 .0190 36.049 0.000 1.121
lag=24 27.3195 044 .0194 5.045 .000 1.044
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e THAAF

d= % (ppb) B EF0x} Wald FHol A% 5 Exp(B)
lag=25 26.9250 —.030 .0197 2.246 .37 971
lag=26 26.6918 —.048 .0198 5.987 .062 .953
lag=27 26.7392 —.114 .0202 32.187 .750 .892
lag=28 26.9355 —.128 .0202 39.761 .629 .880
lag=29 26.9306 —.153 .0204 56.209 .844 .858
lag=30 27.2872 —.173 .0205 71.357 .547 841
lag=31  27.7695  —.035  .0198 3.194 .000 .965
lag=32  27.9909  —.039  .0198 3.829 .034 962
lag=33  27.9919 .054 .0193 7.733 0.000 1.055
lag=34  27.8543 .068 .0193 12.463 0.000 1.070
lag=35  27.5727 077 .0192 16.241 .000 1.080
lag=36 27.1866 0? 1

a. ThE EgolnR 002 44
ZI9%(LL)=-191.960, Akaike d ¥.(AIC)=457.921, Bayesian’§ ¥.(BIC)=517.525
S-S 7Fo) Al 3=1783.583(p=.000), Wald7Fo] Al 75=1828.440(p=.000)

4) o)AtatA A~ A7)(36719) =3 £IAFTAS AR 9

o2kt A (NO,y) 7] 367ME w=E3 AT ES A 93 Adxe
<3t IV-24>¢} o] Uittt 289 foA A5 A¥+= b (parameter)
9] 7Fe% "] FholAlF (likelihood ratio chi—square)©] 1783.583(p=.000)%
LERSETH

gegug FA42(B)E d€9(lag=0)°] .069, 171Y H(lag=1)°] .004, 274
H(lag=2)°] .007, .... 117019 H(lag=11)°] .286%} o] YE}RLT)

3670g H(lag=36)° Hl3] 1471¥ H(lag=14)7MA= F&o] ¥
vebstar, 15709 A (lag=15)5E 327012 A(lag=32)7A& HJako] &
=2 vehgkom, 33719 H(lag=33)5-E= Al dFo] w2 Ao UERT

=, 1170 d(ag=11)9] Exp(B)7} 1.3312 ApgEa $go] AY
Ao ® ey, olwf o]2st A A(NO,) B TEE
vk A7) 36709 Bt oAkt A A (NOy) &S £IASAS AP 98
of ¥ fFo3 o] de Aem vErwa, 11149 H(ag=11)e] AL =

A RS
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Gz - T2 o 7HAAS

S| %7 (ppb) B EFOA} Wald 1o AZ Exp(B)
lag=0 25.6213 .069 .0192 12.866 .000 1.071
lag=1 27.3958 .004 .0196 .035 .000 1.004
lag=2 25.1018 .007 .0195 131 .000 1.007
lag=3 22.4760 —.102 .0201 25.554 .000 .903
lag=4 20.5507 —.089 .0200 19.716 .000 915
lag=5 19.4044  —.073  .0199 13.297 .000 .930
lag=6 19.0921 —-.114 .0202 32.187 .000 .892
lag="7 18.9014 —.020 .0197 1.047 .000 .980
lag=8 19.0896  —.042  .0198 4.437 .000 .959
lag=9 19.4925 .024 .0195 1.527 .000 1.024
lag=10  20.0424 046 0194 5.528 .000 1.047
lag=11 20.5910 .286 .0183 243.550 .000 1.331
lag=12 21.0459 134 .0190 50.211 .000 1.144
lag=13 21.3908 .049 .0193 6.512 .000 1.051
lag=14 21.2987 .015 .0195 .b64 .000 1.015
lag=15 21.2231 —-.118 .0202 34.456 .007 .888
lag=16 20.8869 —.150 .0204 54.180 .000 .861
lag=17 20.6270 —.145 .0203 50.688 .000 .865
lag=18  20.5261  —.135  .0203 44.074 .000 874
lag=19  20.5729  —.059  .0199 8.937 .000 .942
lag=20 20.6998 —-.018 .0197 873 .000 982
lag=21  21.0224 .038 .0194 3.835 .000 1.039
lag=22 21.2385 —.041 .0198 4.312 .000 .960
lag=23  21.4783 114 .0190 36.049 0.000 1.121
lag=24 21.7513 .044 .0194 5.045 .000 1.044
lag=25 21.9781 —.030 .0197 2.246 D37 971
lag=26 21.9935 —.048 .0198 5.987 .062 .953
lag=27 21.9151 —-.114 .0202 32.187 .750 .892
lag=28 21.7596 —.128 .0202 39.761 .629 .880
lag=29 21.6103 —.153 .0204 56.209 .844 .858
lag=30 21.5673 —-.173 .0205 71.357 .b47 841
lag=31 21.6110 —.035 .0198 3.194 .000 .965
lag=32  21.7424  —.039  .0198 3.829 .034 .962
lag=33 21.9154 .054 .0193 7.733 0.000 1.055
lag=34  22.0040 .068 .0193 12.463 0.000 1.070
lag=35 22.1414 077 .0192 16.241 .000 1.080
lag=36  22.3334 0? 1

a. =By HLo|HE 007 HA
2195 (LL)=—191.960, Akaike A1 (AIC)=457.921, Bayesian® ®.(BIC)=517.525
L5 H]7}o) Al 5=1783.583(p=.000), Wald7}o| A #=1828.440(p=.000)
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5) HlAIMA F7](36714) =& «@ATEAE AL A

HAA A (SO,) 47 3671Y =53 TS8AEEE A 98 A9 <%
IV=25>¢} 2ol uUetwtt. & F94 AT A3+ v E (parameter) 9]
7V % #H]  Fto]A i (likelihood ratio chi—square)©] 1783.583(p=.000)=
e

ger g FAX(B)= $€ag=0)°] .069, 1719 H(lag=1)°] .004, 27}
¥4 H(lag=2)°] .007, ... 1170¥ H(lag=11)°] .286%} o] ElRkT].

3670 € H(lag=36)°] ®]3l FL(ag=0)FE 2/1€ H(lag=2)7-A1<F 971 €
A(lag=9)5-E 147194 H(lag=14)7HA= FaFo] & o= Yewkal, 370
4 H(lag=15)5F 8/M€d H(lag=8)7kA¢t 15702 H(lag=15)FH 3270
A(lag=32)7FA= F&o] w2 Aoz yeton, 3370 H(lag=33)FE =
ThA] g gko] & Aoz LERRT

= 11709 H(lag=11)9] Exp(B)7} 1.331% APdEHA 913o] Ad =& A
o2 Yebwa, oln dAFSeRA(CO) Hit FXEF 41.6641(w/m*) = UERRLT
471 3670 Tote] AASEA(CO) =EFe TEHATHES AT ol
B fogk 3ol v Aew yewa, 1170 H(ag=11)°] AY =4
L ER

F V=25, wlAaA A71(3670Y) s sSAEAS AR 9] A3

A% B (/) B hXey ek Exp(B)
= m -
Wald 7Fol 1% P

lag=0  45.1365 069 0192 12.866 .000 1.071
lag=1 50.5593 004 0196 035 .000 1.004
lag=2 44.6399 007 0195 131 .000 1.007
lag=3 39.5738  —.102  .0201 25.554 .000 1903
lag=4  36.5672  —.089  .0200 19.716 .000 915
lag=5  35.1198 —.073  .0199 13.297 .000 1930
lag=6 35.5788 —.114 .0202 32.187 .000 .892
lag=7  36.5332  —.020  .0197 1.047 .000 1980
lag=8 387161  —.042  .0198 4.437 .000 1959
lag=9 39.7849 .024 .0195 1.527 .000 1.024
lag=10  40.9041 046 0194 5.528 .000 1.047
lag=11  41.6641 286 .0183 243.550 .000 1.331
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AT BFwmd) B EEoA Hede Exp(B)
Wald 7}o] A& p

lag=12 42.1038 134 .0190 50.211 .000 1.144
lag=13 42.5371 .049 .0193 6.512 .000 1.051
lag=14 41.9312 .015 .0195 .b64 .000 1.015
lag=15 41.6413 —.118 .0202 34.456 .007 .888
lag=16 40.7112 —.150 .0204 54.180 .000 .861
lag=17 40.3843 —.145 .0203 50.688 .000 .865
lag=18 40.4630 —.135 .0203 44.074 .000 874
lag=19 41.5497 —.059 .0199 8.937 .000 942
lag=20 42.2987 —.018 .0197 873 .000 .982
lag=21 43.0586 .038 .0194 3.835 .000 1.039
lag=22 43.2243 —.041 .0198 4.312 .000 .960
lag=23 43.6109 114 .0190 36.049 .000 1.121
lag=24 43.7856 .044 .0194 5.045 .000 1.044
lag=25 44.1473 —.030 .0197 2.246 537 971
lag=26 43.9692] —.048 .0198 5.987 .062 .953
lag=27 43.7324 —.114 .0202 32.187 .750 .892
lag=28 43.3902 —.128 .0202 39.761 .629 .880
lag=29 42.9603 —.153 .0204 56.209 .844 .858
lag=30 42.9483 —-.173 .0205 71.357 547 841
lag=31 43.3152 —.035 .0198 3.194 .000 .965
lag=32 44.0441 —.039 .0198 3.829 .034 962
lag=33 44.5379 .054 .0193 7.733 .000 1.055
lag=34 44.6253 .068 .0193 12.463 0.000 1.070
lag=35 44,7731 077 .0192 16.241 .000 1.080
lag=36 44,9243 0?2 1

a. THE Ro|nR 007 A4
Z29%(LL)=-191.960, Akaiked ¥.(AIC)=457.921, Bayesiang ¥.(BIC)=517.525
$-1H]7ke] Al 35=1783.583(p=.000), Wald7Fo] ¥ =1828.440(p=.000)
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