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Analysis of Decoupling between Atmospheric Pollutants and Regional
Income: A Spatial Panel Approach
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Abstract: The emission trends of atmospheric pollutants differ by regional environmental and
socioeconomic factors and each pollutant’s emission characteristics. Moreover, air pollution in
the region and its neighboring regions, directly and indirectly, affect each other due to the
move throughout the atmosphere. This study uses panel data of 16 regions in Korea and
examines the decoupling trends between regional incomes and atmospheric pollutants (CO,
NOx, SOx, TSP, PMo, and VOCs). Moreover, this study uses spatial panel models to determine
the key drivers of decoupling and analyze the regional spatial correlation. First, atmospheric
pollutant emission levels are high in the capital region and among industrial complexes and
coal—fired power stations. The decoupling trends for each air pollutant, however, vary widely.
Second, for most atmospheric pollutants, excluding VOCs, the decoupling (or coupling) of a
particular region is affected by the degree of decoupling (or coupling) in its neighboring
regions. All pollutants have a statistically significant direct effect on the decoupling of the
region, concerning changes in a particular region’s explanatory variable. Third, for CO and NOXx,
changes in the explanatory variables in a particular region have a significant indirect effect on
the decoupling of its neighboring regions. Meanwhile, changes in the explanatory variables in
its neighboring regions have a significant effect on the decoupling of particular regions.
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YIRS ol-sto] Bazst 24203 A|F 7+ FFol sk
A gttt 712dEE 1999902 A A2 AA, 45 =1
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S0 2 AF =719 viEFo] Fo3t I e Ao E YEyTh
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B AFoA 7] HEZS D5 E5HDecoupling® A W HA|7F
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2. BZH2 P 3(Spatial Panel Model)

H0] gho] Mz 374 &4 Be 304 A1l e 44,
AL A2 5ol ooz 75| ARFPS AHEo}
A BA4 F74°] 7Fs3ttHAnselin, 1988). wHekA
(Spatial laglE &0l ZAA &S] 53T

Hote= T7HA7] 5] F P (Spatial Autoregressive Model, SAR), 2&1&Ho]]

10) 43} =247 Foko A OECD7} B 2ldt @a=3tat ¥ 9= (environmental
bads)?} A A|/3 % (economic goods) ZHoll AAHHA 7 EAsHA] A == AH, &,
GDP A5l = §tAaH|&0] 71614 G Aeha 430] ©hA| & E3HOECD F48.
4014 17 %), & A7+ OECD(2002)°1 41 AAIgt DR A& AHEt0H, A9
W BAGZE o] 71 @B 0 Z7HEE AXRRE A @523 A5 ARS
SFATHOECD, 2013).
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£ A= 199995 20168714 XE'L 167} A Z15)E o= sidata
£ 755l A9 t71 @5 EExst @Al J¢E vIX= 238
A EASH o, (& Dol & oq:rloﬂ ARG W A Hole E4E
Aottt FSHFE = ‘Qﬁﬁ}ﬂi(Carbon Monoxide, CO), AAASHE
(Nitrogen Oxide, NOx), &AFSFE(Sulfur Oxides, SOx), EHF-FHA|(Total
Suspended Particles, TSP), 10 xm ©]35}e] T|AAR|(Particulate Matter 10,
PMy), A 8713F=(Volatile Organic Compounds, VOCs) &5 6t 7]

9Ed HiETY g E /\}*9'3}035}.16) 10 A 334t
(GRDP), 1°1% FZovA4HE, A5 4 I Hdum7igS dguise
=, GRDP tiH| A2y F77HA ] < AR ARSI

(21) H+ 2%8 ZHO0IH &X

al
2= B o =5
cavin | DR 1019 7 | Q¥ HiEZo| HEX5 Al- 2710/ EA|
STeT » (p= CO, NOx, SOz, TSP, PM,, VOCs) HEMIE
Ponpp 1015 X LIZAA(THS]: £2) 7%
ot | Donera 1012 ZZ0|LX|AHZHTOL: HToe) SENTENE
ST P 29 BRTON7FZ(THe): &4/2/H) )
SIRAQTAL QI
Plinsoline &9 TR Z(The): /26
ERE2 [ VA,,..;, | GRDP fH| HEY SI7ER| HIS(TS: %) 7%
15) EA A A&, B4t A, 35, A, &4 371, B, 5, Y, 45,

Ad, A5, A, AF 5olH, AlE2 20129 32E do|&]7} &5t A 2Jst .

16) CO9J T& Hj &L S5 Eoln, *P ST HpS T AR A4 FolA
ASE NOx= 12 dA3Ad 4 Q}oLEQ x-]]x.:_ﬁ E_o]] A Z=2 25 SOx=
HHER A 2. 21 8 A AAA W 7]EF AR A Sof| A ¥BElT) TSP ] &
L O*Jﬁoﬂ Qe F HAY FE, PMpp2 1 OOO—v—«] 100 mm Bof 22 HAZ 9.
&L P ARE AMBHE 25 A4Ad L 271414 Solth VOCsE $718
A A}a‘l £ 2AAE, BRA R FR4, ARte] IR 2R WA Al
2HAE SolA S tHE7HIAHAIE EAE Fx).

17) v g 4-5-4(2016)2 242+ CO, NOx, SOx, TSP, PMie, VOC Bi&Fe] 24
89192 GRDP, AH|AF BRI, AU E, A4 H|EF, sEYA-83F AA7tA
WAL 25 W AZAA S, AT, A £ AR 52 ARSRTh
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AuFH o2 AAY SHfA oA &b]= GDPF 2 A5G0} -3

AR 220 AH4g §7 1 #ohd o541 (multicollinearity)
o AT 4= ek Tt & A} o] AAE A=t ofd Ao wid
A=E g3t o2t ZAIE msta, A 9E 7iE g (heterogeneity)=
s Hol 242 JdE £ o ATk A E S HT
Hi7HAE 71 ed9Ed wiEe] 99lo] He diadet ¥dE JF
ot A ARt & Aol ARgE A H BAS A
TEAE AT 2= FE DOl AXSHAH.

Q.

1. AEE 712823 0|
NACE WFSE HEY g

1999~2016L477}Z1 A= 471 AEd WiEs S (1 2>0ﬂ A
HEH, F CO Hi&EHL 19994 885 ECA 2016 795HECZ H
Tt -0.629%2] TAFAE EATH NOxe= 199949 1,072HE9 1 2016¢
1,248 E0 2 AFF 0.898%7F T7FHRLL, SOx= 1999 4857 E0f A
20169 359 EC0 7 AW -1.754%7} F45FATE. TSP, PMy, VOCsY]
SEFS 27 12.313%, 7.997%, 2.572%2] S7FAE Yt

o, mh

1999~201697}4] A =¥ tf7| Q. QEA HFujEeFe A7 2 2o] 7}t
4 Eoton], AR, F4, ol 1 52 oldth. A7) A9 & A7y
=, AsA i | oluA] &8 3530 A H7129=E wiE AR
o 329%7} A71 Aol W) Qlol19) wiEo) 7w o= melth

18) 1919 A1 HZAAHGRDP)} 1919 ZFo A A thaTA8S HES 2
3}, VIFQ] gko] 10 o]st& yety thag-AlAdo] gl Aoz Brlstart.

19) 7] 2. vi&A1Ad Ao oJshd 20161 7]% 719 Ed wjE A2 A
= 57,50078 4019, A&, A, 7] AGo| 42} 1,816704, 4,031704, 18,2257K
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e G o] vt =7 AAEATE A 9] PMio, VOCs,
SO &2 W7|e9ed e HFLR wiEst] e AGHET fj7]do]
L}E 7Fs7gol wl-f- 2020 SEolM di7]2dEde] gol wiEHE o

L g2 gotgly, GAsH 9 B gslgyl 722 Adetglejdbd At &
qiAE, FAAEL 3 ARekeh AdEA7E B2t 7] hZolw.2)

1 A0
AeE t7| 92 BouEF2 (FIE Dol AASHAT

(B 2) A=Y 07| 2HEH ST 3
(E9): ME)
CO NOx SOx TSP PM10 VOCs

99 | M6 | 99 | 16 | 99 | 16 | 99 | 16 99 | 16 | 99 | “16
SE 188 | 56 | 90 | 73 14 3 22 3 9 80 | 63
BA | B5 | 23|48 |50 | 21 |11 | 4 [ 17| 3 | 7 | 32| 41
o | 37 | 20 |32 |30 |11 | 4 | 5 |10] 4] 4 |21]|31
OIM | 40 | 38 | 47 | 49 | 15 |12 | 2 |19 ] 2 | 6 | 41 | 52
gz | 22| 9 | 13|13 2 1 5 | 1 2 | 12 |17
e | 21 | 12 |19 | 16| 4 | 1 1 5 | 1 2 | 14| 16
es | 36 | 32|63 |51 | 63|49 |14]10] 9 |5 |79]097
47) | 154|131 172|204 | 40 | 15| 9 | 85 | 8 | 33 | 126|185
2 | 34 | 45 | 63 |84 |34 | 18| 11|36 | 7 |10/ 14|26
22 |3 |48 |51 | 73|21 9 | 7 | 32| 5|10 2|40
4 44 | 64 | 138 | 135 | 60 | 82 5 85 4 38 | 4 73
M2 |40 | 43 [ 45 |41 17| 7| 2 | 4| 2 |10 2|7
e 48 | 64 | 68 | 106 | 45 62 6 73 5 29 | 64 | 87
45 65 | 93 | 91 | 110 | 49 | 39 10 | 108 7 46 | 43 | 85
g | 54 | 56 [ 121|102 87 | 31| 4 | 48 | 3 | 14 | 49 | 108
HE |11 |13 131932 |1 ][11]1 4 | 5 | 1
= | 885 | 795 |1,072(1,248| 485 | 359 | 85 | 612 | 63 | 233 | 665 |1,024
gﬁg -0.629% | 0.898% | -1.754% | 12.313% | 7.997% 2.572%

47} 5l 42071 20 Y@ AR AIEALE 32,
20) 1= - A (20197 2.
21) o] J_ H]—/\/U(ZOIQ) 2z



14 - SAMH X282 H4S

2) @323 X

o7l ey 1909 A S5} A4 Aole] o)k (1
% 2% 2tk WA, CO% NOxe] B8} A48 Avine 1219 Aoy
FA0] Z7HHA BBR3 47t Flele] BRI 198 o=

8
8-
£ & ¥ §
g B
d 4 H 4
» B
& o -
2 3
S g zZ 0
o 5 d B -2 & .
10,000 20,000 30,000 40000 50,000 60,000 10,000 20000 30000 40000 50,000 60000
19 NGUSEHE ) 12 AFYSEEE)
LT
& by
= =
. 0 :
b H
» w
n . in
@ (=
I :
10,000 20,000 30000 40,000 SU.tIUU 60,000 10,000 EU‘tIUU 30,000 4U‘ICIUU EU.(.lUU 60,000
1S N GUSEAEE) 102 T SUSEHEE)
4
& * 24
= 4
in H -2
2 8
H sl ° -4
“Ega -6
10,000 20,000 30,000 40,000 50,000 60,000 10,000 20,000 30,000 40,000 50,000 60,000
192 M ALSHLEY) 1S X ALES U HEE)
L L g = @F v OE = S - e
- e N = — W

: fve fitted valueZ 20|

Bl



2. SUMARY FYZE

SAZTEY F 7P A @S wdshy] fs) gubde=
LR(Likelihood Ratio) A< A A|5tod(LeSage and Pace, 2009), SDM &
P2 SAR B3 T SEM BFOoE ©ed) 3 4 QLR E wdic) 1y
U Dubin(2004)°] W=, SAR 239 ZFZHA7 S AAF(p)2} SEM 23
o] AV EFEAF(NY o] BFE fo5kA] oW OLS 239,
p2l +o/do] 2 SAR 29|, A9] frof/do] I SEM 2F o] e

o] F2= HolFH, AP A} AT £49 HoE fsiA SDM 2
B & gebA 2 AFolA = Al 7HA] SEE Y& o8-St
71 A=dE D5Xst BA4Z AAlstelen, SDM 239 S5
g B0 At A 9 7 ave] B Hel] 12 e

(F 3)2 S EEFS ol-&sto] 1919 CO HiEHS] B5x3} o
5 A EH, 1919 GRDP, 1919 2Fofu 4]
v, A4 4 g doj7tE 2 LE B4 BAHoRE Footdlt. 1
AT GRDP9} Amwt|7}4 9] Bo7t oK+ 2 Uehy A93A9 4%
d Ao 8 SR APEHAUHL £ S Slth CO HiE

o FEo
T Fexohs A9 W BAGHLR As) A-sArer A A HE
S A

o

N
b

S CO MHES AaAYlE AN B3 S A8 749
0] ot A0 Welth2) w3k C09] A%, A1EA Sof olg ol
5099 &gl M B wiE 7lolee ol A9t Fuee %

9 g wo i 7
g ggol GBET AT GFL v A0 2T W, |

22) BAE BE =9 3H4(2007) F&.
23) 20164 71&, ¥ CO W& 795 044E0|H, 20|52 AU o3t viE&To]
244,566%0.2 30.8%2] 7101&& EJAHF A HA G EAE SHo]A] Z=).



OO YE o]

A2 o1

A7t FORE AR yE

ol 35 9F= WA, 27t (4)
1A G| CO Fexstol A%

M H28H HM4As

—
(o]
|'I0||

SR avjet Az vHlE Fee
st &
A pet

29 W39 37t 09 B
£ Bl BT AAS

c
H]
2 mE
o 528 A4S Ao 71
CO g&xs dA2 ¢

SDM
©6)

SAR
(1) ) (©) 4) (5)
0.519*** | 0.580*** | 0.580*** | 0.656** | 0.503** | 0.580***
(0.037) (0.033) (0.157) (0.038) (0.062) (0.049)
-0.279%** | -0.291%** | -0.309*** | —0.319%** | -0.252*** | -0.279***
(0.046) (0.046) (0.043) (0.043) (0.046) (0.046)
-0.291% | -0.322* -0.187 -0.234 | -0.377** | -0.348**
(0.169) 0.172) (0.159) (0.158) 0.177) 0.177)
0.120%** 0.150%** 0.139%**
(0.022) (0.032) (0.043)
0.167*** 0.238%** 0.248%**
(0.041) (0.063) (0.083)
0.345%** | 0.387*** 0.665*** | 0.797***
(0.064) (0.064) (0.127) (0.109)
0.810%** | 0.877**
(0.115) (0.103)
0.004*** | 0.004*** | 0.004*** | 0.004*** | 0.004%**
(0.0003) | (0.0003) | (0.0003) | (0.0003)
£ p0.01S LIEHH, ZSOto| g2 HEQXI0|C

(2 3) LL3EA(CO) FYZ
SEM

InPgrpp

1nPE,m.gy

VA \anus

InPpicyer

InP Gogotine

14

s 0.004***
(0. 0003) (0.0004)

J%‘f NOx HH%EU e

!
S
rr

OHH

R
o2 18
(i,



& A3}t A9 W AT E NOxE E0]7] Y3t A AFY2) &
9 1o 7lojgt A0 Holu|, W2 F ERo|FHU HZo| 7}
% oh Z9} TR Wul7lZ o] Nox FEZlo] F2I3t
F2 v)A Aoz shageh, e, 19 HER] au)7k Z7k5hA
Bx3} @io] A=t
Z7HdHH0] B SAR 23} SEM B FoA] Zko] 8-9Jslo] NOx Hf
E£F9] 52 = AFHAH 9] HdEXol FJIFE HH= Ao FE YESTH
(E 4) HAMSIE(NOx) FHZ 1t
SAR SEM SDM
(1) 2 (3 4 (5) 6)
p 0.551%* | 0.600** | 0.614%* | 0.681%* | 0.561*** | 0.610***
Memr | (0051) | (0.045) | (0.060) | (0.051) | (0.088) | (0.069)
oy —0.218%* | —0.226%* | —0.219%** | —0.228%** | -0.281%** | -0.202%**
Mo | (0.064) (0.063) (0.064) (0.064) | (0.066) (0.065)
s -0.145 -0.185 -0.104 -0.148 -0.008 -0.088
Mt (0.234) (0.234) (0.232) 0.232) | (0.251) (0.248)
o 0.120%* 0.159*** 0.154%*
et | (0.030) (0.039) (0.061)
p 0.233** 0.302%%* 0.319%*
Gusoline (0.056) (0.071) (0.115)
0.339%* | 0.338%* 0.172 0.086
r (0.077) (0.077) (0.183) (0.189)
R 0.507%* | 0.487***
(0.162) (0.163)
, 0.008%* | 0.008** | 0.008*** | 0.008** | 0.008*** | 0.008***
i (0.001) (0.001) (0.001) (0.001) | (0.001) (0.001)
7 *=1(0.1, **= p(0.05, ***= p(0.01S LIEHAD], ZSOto| 7t EEQXIO|C

24) 20085 A|FH A4E t7| L dE2d SFUA = S ARA BE Rl Hl

S5 Edeok: g )
209 28 710 SHE 5 155 85 AT F AgEE vl
Wl E3HE S sHe Alwol, SEAAY W A4

gote] 19 HollM 2

ZZoko

=Eoo=

d=ds

HARIRS f e s Aaiteke, AtekE, WAl tisf AR .
25)2005~2014 3704 =7} H718 AdE 913t 14 == di717iAd s dlo] 235 /1

NOx A@ZA| F2+2 &3 A2 245t @A@=S8 43 - 37174, 2012).
26) 20164 71, & NOx Hi& %2 1,248,309 011, =2ol52 ¥ o] 9J3t viEol

452,995 2.2 36.3%2] 7|9 && EATHE7IAHA Y A E FHo]A] =),

71202 HeEohe AR A TEA R o

e o
EFS S
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|'I0||

M H28H HM4As

(F 5)F 1999 SOx Hi&TFe] ©@5x3} dAS E435H Aatoltt. CO,
NOx&t 28, 1919 GRDPE] #3571 S(-)02 Yeh 1909 AFWFA
Abo] Z7FstHA] SOx Hi&Eo] S7Foke &3t dAdo] XY=t vt
B, 1905 HF0A] Au7k Z7R84% SOx MEFe] SE2EE 1Y
Sgied, S0xe WiERe F2 AT A2 L AU Alda
HEo|A IA dAstnz 27) o] EZ9o] F8FAE B3t HFoHA &
H| 9] ZFA7t SOxQ] E5238F dAfo] 7]ofst Ao 2 HRIt A= 7149
A9 hEEe BYolA foskA ke o= ekt

I 5) EMstE(SOx) 82}
SAR SEM SDM
(1 ()] (3) (@) (5 (6)

. —0.694%%% | —0.730%** | -0.815%* | -0.858%** | -0.803%** | -0.830%**

e 0.061) (0.054) (0.070) (0.054) (0.101) (0.079)

. 0.354%* | 0.363%* | 0.373%* | 0.380%* | 0.366%* | 0.381%*

1 Breray (0.073) 0.072) 0.071) (0.070) (0.075) (0.074)

y -0.210 -0.242 -0.222 -0.219 -0.148 -0.248

Ml (0.268) (0.267) (0.259) (0.258) (0.290) (0.286)

. 0.009 0.011 0.062

Mot 1 (0,034) 0.047) (0.078)

. 0.104* 0.127 0.213

P Gine (0.062) (0.089) (0.134)

0.364%** | 0.363*** 0.591%** | 0.587%**

’ (0.090) | (0.089) ©0.151) | (0.149)
. 0.647*** | 0.639%**
(0.146) (0.147)

) 0.011%* | 0.010%* | 0.014** | 0.010%* | 0.010%*** | 0.010***

7 (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

7%= (0.1, *= p(0.05, **= p(0.012 LIEILID], Z5910| 22 BZEQXI0|CH

27) 20164 71, & SOx Hl&F> 358,951%01‘11 Ais7gol QR WiE T2 112,734
€ Al Aol ofet HEF 86,593%, OﬂLW*J‘” Aol ot HiEFS
91,696E 2% 27} 31.4%, 25.5%, 241%«] 7199 €& EATHE 7 A A g HAE]
SHo A F=).



TUAPUSE BE BHoH T D9 glo] FFHe] SHAY
o4 SOx9] SE25} Aol AYAG] SOx BHET} B FFL ¥

=
L A0R Uehfh ARAGe YA BE SOxE HESH A8
% ]
H

(E 6T (B 7)2 10%Y TSP} PMy, BiEF9] @523 A4S 24
St Axtoltt. TSP 191 GRDPEF X[Fol|vf ] AH|9] H57} ok(+) o
UE GRDPEF HFoUA] &H|7F S7FRARE o U A] §& o
23} @S o] 210 R HojH, PM2 1997 HFoUA AHg BE
oA fogt FHHY FEE UETh

TSPS} PMp2] A F2 AMIE 9 Ak, 24 374 SollA] L7t Hi

=75 AAA €3 W7l o2 A wiEHe v F2 wied

o

o, AxY A& FEAME 3ol madt. B AE-AFY 5
HPARGGol AR G5 A, STt AATAT g2 A A

ANE o nl(@e] ABFET, 2018), B (K2 e HEE Faskeo]
ofsh WS TIARAZL AL, T, 9 SoIA gt A%S Hel o]
ol 2 AR L 5 ALl AW ol BB 2 o] 288 & 7
PSS 93T 5 AT A5, 2018)

29) o1&+ ol LT 2.2I5H2018) H-.




20 » SAYM X28H H4S
ole 9T vIXA X5 AR & 4 k30 & £ dAfoAe d=
744 5ol gt TSP 2 PM;pY] E5xoh= 2P A 2 A= Uet

w30
(E 6) SR QHX|(TSP) £HZL
SAR SEM SDM
(1) ) 3 4) (5) ©)
o 2.377%% | 1577% | 3.816%* | 2689%* | 3423% | 2.465%*
’ (0492 | (0.383) | (0.535) | (0.401) | (0.712) | (0.562)
e 3.047#% | 4.075%% | 3.668%* | 3.801%* | 3760%* | 3931%
"1 (0.520) (0.515) (0.496) (0.496) (0.529) (0.523)
» ~4.805%* | -4.233** | -4.712% | -4.011** | -5.970%* | -5.108**
Mol (1.934) | (1.923) | (1.841) | (1.834) | (2.036) | (2.022)
e -2.019%** ~0.787%* -2.326**
' 0.312) 0.373) (0.496)
~3.057%+ ~5.311%% 4,337 %+
InP Gogotine
(0.592) (0.676) (0.945)
0.644%%* | 0.594** 0.748%* | 0.716%**
. ©0.125 | (0.131) ©0.129) | (0.135)
0.794%** | 0.748%**
A ©0.125) | (0.135)
) 0.539%** | 0.535** | 0.519%* | 0518%* | 0.507** | 0.507%*
7 (0.045) | (0.045) | (0.044) | (0.044) | (0.043) | (0.043)
7%= (0.1, **= p(0.08, ***= p(0.01S LIEFLHD], Z3Qto| 7S BZEQXI0IC}

30) oA Mg} WA A A4S A% AANE BF 2 A EHSH, 2019) =
= 3L f rElR Skt F

31) FIAHA] Y] S} &S EolHH A5 7H4EE I
Az A 7158 0. (https://www.mk.co.kr/news/society/view/2019/06/423003/), ©|
=28 A7t AR ET BRI R v A HA = AR T8 34 Goale X

A3kt https://news.joins.com/article/21739423).



(2 7) DIMEXI(PM:o) FHZ

SAR SEM SDM
(1) ) ®) (@) (6) (6)
" 0.161 -0.146 | 0554 | 0.156 0.662* 0.354
' 0235 | (0178 | (0275 | (0214 | (039) | (0.315
p | 2030 | 2002 | 2820 | 2872 | 2790 | 2860
ol 0.289) | (0.288) | (0283) | (0.284) | (0.295) | (0.292)
» -1502 | -1291 | -1318 | -1.078 | -1643 | -1.358
dell(1081) | (1.080) | (1.086) | (1.057) | (1.137) | (1.131)
- -0.682%** -0.871%%% -0.545**
1 (0.160) (0.189) 0.277)
e —1.240%%* -1.563%+ -0.838
(0.293) (0.353) (0.528)
0.505*** | 0.510% 0.339* | 0.322*
’ ©0.164) | (0.163) ©0.192) | (0.194)
. 0.614%* | 0,601
©0.173) | (0.180)
p 0.168** | 0.168** | 0165 | 0.166%* | 0.158** | 0.158***
0.014) | (0.014) | (0014 | (0.014) | 0.013) | (0.013)

7% (0.1, **= p(0.05, ***= p(0.01 LIEFHD, Z50t0| 22 BEQAI0ICH

THEPESE BE 2YoIA FOR O] 25ASE 2 Aow
=47 00] 3900 vAUA WS SEshe o

1o
i
&
N
ok o
gl
%
of
ol
1
I,
rir
POy
tlo
1o
=)
Sl
Ko
o
>
LI
N
o
ot nZ
ox
rio

ot
b
8,

F 59 WA 5& nHstel FIH 7| HHAA =0 83T
(E 8)2 109 L4 7718 =(VOCy) Mgl gaxst a4 &
AIHg HolEtt 1919 GRDPY #o7F (2 Ueh A9 Y &50] 57+
sAA VOCs9] HiEol S71ote] exop7t Ad A 0= Hepdth. 19
T FHFAUA £H]9] Foe FH2E e HFo R Lu|7E 571
Fout oux] &g 7AdeRE VOCso] EExeh e Aos Helr



22 - AN H28H M4z

SR A e EYolA oot 2 Aoz LERY [I%A]
AoA skE VOCs9| szl FFd= A Hethe Ae HAEH.

(2 8) 224 ]7I3&=E(V0Cs) FYZ

SAR SEM SDM
Q) 2 ®) @) (®) 6)
o -0.371%** | -0.481%* | -0.389** | -0.515** | -0.200 -0.223
’ (0.105) (0.095) 0.111) (0.102) (0.166) (0.144)
wry 0.222%* | 0.241%* | 0.230%* | 0.252%* | 0202* | 0.217**
1 (0.082) (0.082) (0.082) (0.082) (0.085) (0.084)
. -0.006 0.046 -0.048 0.007 -0.104 -0.199
‘ (0.285) (0.285) (0.284) (0.284) (0.314) (0.311)
- -0.093 -0.112* -0.187*
|l (0.062) (0.085) (0.105)
wr -0.049 -0.083 -0.445%*
‘ (0.130) (0.148) (0.225)
0.186 0.216 -0.001 -0.059
’ 0134 | (0132 0.245) | (0.252)
R 0.099 0.129
(0.240) (0.249)
, 0.010** | 0.010*** | 0.010%* | 0.010%* | 0.010*** | 0.010**
’ (0.001) (0.001) (0.001) (0.001 (0.001) (0.001)

Z*Ep(0.1, &= pC0.05, ***= p<0.012 LIEHHD, 250t9| gh2 BFEQX0|C



A)%o] NOx 2523} B4o
7t =3E0] AgAgS A%
2o} B4o] oL mATH: AS Holzch

teo 499 Bruiiae 2
AR, nPoye AFEBG FANY $37 (E 39 F34

259 FUstgont (YT Bl v

ARSI F717E B34 A
Erft 22 oujdith VOO AR el b7l o R g e st
L Ao o AN AEA GFS WA, ARAGY FAFL
E4799) NOx BEZ3MTr FFL ulAc,

1Py, AHEHE BE 7] 2GB A ) Rejste] 195 HF

1A Avle] Z7P} ALY BFR] FFS £ A0 ek
. COS Nows 33 9 TR/} 27 fSpiet 59 Aot 237
o] 1915 HFNUA 4H|9 S/ BHAGY CO% NOxe] BEx
o WAl e AL o B 4 Utk

In Py, SOXE A2 TR 2] 7] 2420 SE2I A f 4
% Bl ool HHAQ GFS W AOR vehth FL0o]
WA S maksle] 24e ik 499 BEHu AL Epsle) 2
A3 2k} A9 GAHL, 1nPy,, 850 AT ANBGLE. 107,
2 SOx9} PMio@ ASlet 710240 SEEs Ao o) HLG Haw
s7bA0] Aol Al FS W A0E e, A6t Hieol 1
FalrHAe] 2YAGRE NTHABE, Py, 8 KT 717} nPg,,,, )
w3} 37185} A, 4§ Witzo] g WiAuct gyl e B a2
FARNES 20 o 2 FFS vk 2S & 5 Utk



24 - SAFH

H283 M4z

H9) 0 ¥ Xysa, RS FHAn
Variable | Effects CO NOx SOx TSP PM10 VOCs
6, -0.432* | 0.663** 0.420 -0.919 | -0.061 -0.530
(0.160) | (0.273) | (0.256) | (1.806) | (0.956) | (0.401)
Direct 0.501*** | 0.570*** | -0.802*** | 3.636*** | 0.679* | -0.194
Py (0.062) | (0.089) | (0.101) | (0.716) | (0.403) | (0.170)
Indirect -0.085 | 0.435*** | -0.056 1.575 0.091 -0.278
(0.144) | (0.118) | (0.181) | (1.371) | (0.535) | (0.190)
Total 0.417*** | 1.005*** | -0.858*** | 5.112*** | (0.769 |-0.472***
(0.116) | (0.112) | (0.187) | (1.467) | (0.641) | (0.162)
0, 1.192%** | -1.950*** | -0.165 | -2.939 | -1.276 0.135
(0.377) | (0.592) | (0.616) | (4.331) | (2.407) | (0.664)
Direct -0.210%** | -0.300%* | 0.366*** | 3.745%** | 2.777*** | (.198**
Py (0.052) | (0.1317) | (0.085) | (0.643) | (0.306) | (0.085)
e , 0.893*** | -1.144***|  (0.068 0.065 -0.134 0.079
Indirect
(0.328) | (0.313) | (0.540) | (4.371) | (1.625) | (0.350)
Total 0.683* |-1.444*** | (0.434 3.809 2.643 0.276
(0.360) | (0.339) | (0.591) | (4.806) | (1.769) | (0.375)
0, -0.015 | -0.104 | -0.118 1.519 -0.199 0.233
(0.085) | (0.119) | (0.136) | (1.023) | (0.566) | (0.206)
Direct 0.141%* | (0.1652** 0.058 |-2.352***| -0.559** | -0.190*
Py (0.043) | (0.062) | (0.070) | (0.491) | (0.280) | (0.108)
Indirect 0.066 -0.045 | -0.066 | -0.234 | -0.254 0.118
(0.050) | (0.061) | (0.085) | (0.636) | (0.289) | (0.105)
Total 0.207*** | 0.107*** | -0.001 |-2.586***| -0.813** | -0.072
(0.042) | (0.038) | (0.067) | (0.561) | (0.212) | (0.072)
), -0.162 | -0.154 -0.205 2.520 -0.715 | 1.105**
(0.158) | (0.223) | (0.253) | (1.973) | (1.080) | (0.458)
Direct 0.249*** | 0.315*** | 0.207 |-4.383***| -0.866 | -0.454*
P (0.081) | (0.117) | (0.132) | (0.928) | (0.530) | (0.232)
o Indiract 0.035 -0.069 | -0.067 | -0.575 | -0.639 | 0.562**
(0.107) | (0.115) | (0.159) | (1.181) | (0.708) | (0.234)
Total 0.284*** | 0.246%** | 0.140 | -4.958** |-1.505***| (.108
(0.090) | (0.065) | (0.118) | (0.983) | (0.382) | (0.147)

F10 0, = WxInPoppp 8= WXINPpg, 05 = WXINPpg: 04 = WX INPguiine
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o1l Cholf 572lotCd HOflAT Y=2Fot ATt
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A4S A9, 248% § 2 5455 2 7 AEehd e
det,

A, 1999~201697H4 oHff di7] 9= AB+ F7H> CO%t
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