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Examining the Impacts of Urban Compactness on Fine Particulate Matter

Concentration in Korea
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Kim, Woo Sik - Yoon, Dong Keun

Abstract

The problem of particulate matter resulting from environmental changes caused by rapid industrialization is threatening
our lives in many ways. While many studies have found that particulate matter has been widely related to pollution and
weather factors, relatively little attention has been paid to analyzing the impact of urban compactness on fine particulate
matter. This study developed a fixed effects model to examine the relationship between urban compactness and
PM2.5 concentration, by controlling weather and polluting factors. Urban compactness including Population density,
Fragmentation and Contiguity were measured by population data and impervious surface data using Fragstats and
GIS (Geographic Information System). The results showed that not only climate factors and emission sources have
a significant impact on PM2.5 concentration, but characteristics of urban compactness also play an important role,
as well as other factors. Moreover, this study found that the PM2.5 concentration tended to be lower in Metropolitan
areas as contiguity increased, and PM2.5 concentration tended to decrease as the fragmentation increased in Urban
areas. Accordingly, in constructing a smart city with an optimum air environment, urban planners should consider the
characteristics of urban compactness to mitigate the urban air pollution problems.
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Atgiste] At fuets FA% FAES o153UA
o, WE =ASE Qlste] {EE di7] L9 theket FEelA
$-219] 42 Agstar ok, AR A7]7H(World Health Orga-
nization)®l| H2H 7| 2HEH F vAHA| 9] kEE A AlA
oz i 4209 o] 7] APk HloR FRHCA B

TEHYHWHO, 2016). PAIRA Y] 7122 =Fo] £87] &
gAY 5 o8 27 A1 9e] Ha glom(Puett et
al., 2009; Park, 2019), 53] oj¥o], :=0F#}, QJiHolA 53]
o gee mAT YEPHTHRoy et al., 2012; Fossati et al.,
2014; Zhu et al., 2015). 272 TAHE FAE ohy 2} vlA|
HAR g FA1E0] w3, AejA 2T, AlelH 8oy 5ol &
A7} ] gAY Qo Smith et al., 2013; Chen and He,
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2014), =L, BAAA= el 7|RA o] BRI s E=AIA
Aolld T=7F w2 ) oH, 48] 945, 4He] A A
3t 5 o2 ARIZAIE EA19] €1e] =1 YrhEFY 0|84,
2015; |3k 2, 2018).

91} 22 upA A 9] 91Fel d85t7] flste] AR mlAd
A AZE 1% W A= v i 23ke Zstar glok, mlA]
Hz)1e] Sigol H33k7] flate] thast EopoflAl vNHA] vi=
A7 H T E A REo] AlYEH glon Y WiEd(FE
A L, iy AR 3 24 59 L 9E viEE FA
3k 5 IAIHA] A7 8l =t lck, E3E 299 54
< st nAR] A" BEA|, s olHA] el gAgE
2| 9] tjFe] FU=IL glow, o|¢} BB EA| AF, EX|o]
418 5 3 AYA A=E T8 A712 A vjAuz] ZA)
Zo| Yasith (A4S <, 2020). EAIX| oA =479 1=
M B2 P52 o] 82 T3 olFS L3Skl 2| 7}
T =AFE 28N T EA AZA WE) o]fefR
Utk AFE=AIE B3 EAQ] AL ARRlE] ZAIERE ofyz}
AR FAIE 4ok 5 ALH(OECD, 2012), B2 9
M= =AY k&3 EXo] di7|ed, BE 9 BAE &
glote H 88 4 ok E4EHATHASA 9., 2014;
McCarty and Kaza, 2015; Rodriguez et al., 2016; Yuan et
al., 2018a; Yuan et al., 2018b: Li and Zhou, 2019; Lee,
2020; Tao et al., 2020).

2 oM ey A A2 5 2R ASEA]
EA4T 2nA2] F=o TAE R4S, AYATE 7|t
S8 UFEAISAT WRE A RE FF5% L, 4 HolH
7|eke] AR ZuUA(PM2.5) FEE E4o &85t
olF, Hid THANRYS BElo AFEASAT 2nAd
A FEoke] WAE AFH R ENEAU. o8 T3 FF vl
AAA] di-ea st AR FEE F2AE 5 e EA
A2 A kS AAEhe A& HH o= Fit

1. OIEX uiZE
1. OMIEHZ] 2 Sl

oA A7 sk 8.lo] s ohaRt Ul AlA]
Ha en, 374 |&, 2%, ¥4 59 713t 8% %
H A w9 2 A 5o 844 2], A He XY 548U F
o F2 AAIEIL Qlet, 714FeHAR]l B X Y 71F
3 847t nAA] o] fofft FFS VAN S, 25, 719 T
I T2 VAL = A= vERlT), ERE, vAHAlE 71
e, T, 5 5l et w2 A&l 374 = ok ¢
U0 R 714480l T s 452 nAuR| sEet 2o &

AL s AR EAEY 2t o A7) Ys Ao 74
Hh, o] vlof] g5t ®A)7F A W7t o] A7t X2
tf7|8Hte] fsl7] wiiol2ta sM s, 257 & A 9Y
5 SlaFakgo] 2dsHA| Yolu u|AHA] Fer} EopRikal
4812 rHZhang et al., 2018; Nguyen et al., 2017). %3,
nA A 71T B d3te] e, BRI 27194 HE
o] ot F5-2 5152 ti718H4EE Adste] e vAHA|7}
58 8ol 2ot A H, o|AY 7] It &S
WFE v @S g8l 7B =Y, 22 §5=
ol AL FX15te] d7])7} & A Fofl o] Lo WPEEA ghET
(Yuan et al., 2019; ¥}9<, 2016),

U2 Ay fste] S} foke] dFelAl= Hi7)
2 WA 2ol 2HE E1 QU T Hofe] AT A=
UPAS Kol glon 4= U AR AH e g Yo] njAd
A FEE ASA7IE YolEtal YepdtHE G €], 2018;
Waked et al., 2015; Colvile et al., 2001). S22} EA]2] 1]
AHA] g o] =9 AAME(NOx)S difi: =205 2 A
A1 HlE(48.7%, 30,383/ ) E A oM, BAREE(SOx)E A=Y
59 TR 22 31 2 F oA uEE STHEE R, 2021).

E3F, ujAHA| ) AL 2| H o] tpddt Q15| B3R ow
FEHS 1A 5 Aok nAHR) FEE R0 2EE, 5AAY
o] ¥ EAo]&(Land use), EXTE(Land cover), A=)
0| ¥ Tk § A9 beket 3H3 EAER #A7F sl
vrebd T, E3F, 2|99 A SR8 ofy e} et A Ay
T T ZAI AR A E40] ti7] e H T f-ofF TAL
kil FAEHWu et al., 2018; Jeon et al., 2018). 53], =
A9 E4] G=of EXUE Hlo|HE &-§sto] nAHA] F=o
o] HAIE BAFA o2 EAsk= A7t Bgken, nAwuA] 5=
£ F43P7] §igt 3129 (Land Use Regression, LUR)O| &
87| % 819ch(Kim, 2020; Choi et al., 2019; Yuan et al.,
2019; Zhai et al., 2017),

2. TA|Efe| EM

ZA ) (Urban form)= St +3£9 Z-2 HIE2| A2 54
1 ejEo] =A19] A7) 9 Fejf Al A 37| HEYR ==
50| 2|23l Wi E EIRIHZivkovié, 2020), EAIFE EA4
< E% AlLsHA sk f18f 1-eH Hlolel it ofet &
A9 E glo|HE H-85HH A9 F7HA S o2 AUsHA
ZAT 5= o] =AIFE -2o] gol8tMcCarty and Kaza,
2015). =AREHE A%k 7P 22 991Q WA (patch)= &
A 74 SA4AE, |, T3 F2Ql HIlE wEAE 5 Sle
Aol oo}, EXgEL 32 wix] g2 FEE| 3T +9
o] AHE A, oF &8st ZAFH Q] 27], Foj A
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T, 45k F TAY SA 220 Higt FEEAe A xE
T 4= A=A H2]9] A7|ol= =AAY HE, 2]
&, 929 Wie Fo] 9lon, =A] H2)¢] £33 (urban com-
plexity)& 245ks AEE shRle] Seo WAL Yaatel o)
x| weF REE SAsI. £33, EA] H29 A4
(urban contiguity)S U= ABZ #2]9] 143 A= E
£ 9243 BAst et A8E SA5UHMcGarigal,
2015). 912t Zo] theFst mAjo] FE|aE A|#EE F3te] E=AI9
83 77], 4F=, EFAY 59 AHE 33T &+ Uk
Liang and Gong(2020)2 =A|9] =7|, §H, $Fo= &5
£ FHiH 40| =A|9 A dAof wet EHE 4 glo,
ojefdt E4do] 712l nHA] F= sl @3S w AT
FA5HT, BAIZ S wet A8} =8 5o EEA 3
B2} uix| e} Q17+ E27F A o2 Wslslal 9lon o3
3= A9 9% A BT vEe] EA| Y9 EXolE, 3 o
g 52 USRI, o|Ad EA| o] mE EA] F7He] Ee
A F29| WH3k= ZA|oA Y nF, A 9 E5-2 s
3, AFE o2 tf7] -] A-AQ] Y3 nXA =it ol
B AT Qw9 B T2 Fejeha] EAL AT
£ 7|Wke g YAt o, diiz o whHsl A, a2t
UFLEE T3 AFEAQ B4 02 =E3l9

3. Y=EAI2} OlMIHX| 2] 2HA

EA 9] Bk E4o] ti7]2 gl nAl= FaFl udt W
A7k =L gem(Table 1), YEFHEAIS] EAIT u]AHA]
=90 WAL AolstA dehdth(Lee, 20205 Tao et al.,
20205 Li and Zhou, 2019; Fan et al., 2018; Yuan et al.,
2018b; McCarty and Kaza, 2015). Lee(2020)2t McCarty and
Kaza(2015)2] @-ollAls A7} 5hHZ]Q] FEj U5 n|AdA]
TE7H RO ] U AR YEhton], EA7L BHHE
U5 ZA|9] A7 o] Aol wmet 2Fe] olF A7t 37t
sto] mAEA] F=7F Fobdta AAEITE W, Tao et
al.(2020)8] AelAs FHH R wtHEslE 249 vlAHA|
27t B2 30l A= ALz Yeid, E3L Li and
Zhou(2019)2} Yuan et al.(2018b)2] A7l ZAo] FHEZ
0] #2275 AR T B2 0] e AR YE
W2, Fan et al. 2018)2] QoAM= SHET +E0] wo™
oAz F=Tt S718s ARl e ALE UEyth

UEEAl = LU= A LI B BEJEAEGE |99
S71E Aol Oigt AEEE WA ey ol By 5
7HAZIekaL AXEcHRodriguez et al., 2016). A& 501, =4
o] FE7E ARER HA = A2 Az EAof FE7t
e A QEt FePA )7} oA 2HY9 wiEo] FFsH

118 3708, ®iss® M2 (2023)

HEE ol4Hz] FE7F 52 e Atk B4 HHMartins,
2012; Nam et al., 2012), °l%= v} f-ioflA 213 ik
o] AFAY AFlA 4 U= 2R YEhY, EA|9] 5}
W3l A=t 22 E W] gel 373k Aol Al 4
ErhLee, 2020; Rodriguez et al., 2016; McCarty and Kaza,
2015; Stone, 2008). R, $19] @7e} th=7 shHskE EA|
Fel= AelM HiEEs 23S EAAE + Jlon, 231
g Eio] st 2] @5 AKStreet canyon effect)7}
AR o] 7] Fo] AT = Ukl FAHHGlaeser and
Kahn, 2004). ?12t Zo] EAFE7} th5-4l & o] i B4k 0=
TEAlE 45EA 9YFHA ARG Qe URE7L B
FAE0lglo] Hi7|eg=rt R Bl Y= Aoz yehgh
(Li et al., 2020; Gaigné et al., 2012). Tao et al.(2020) 33t
Aoz WA ke x| o| It Y5E A QR 4
& o2 o] FE7F B2 gl Aol £Asten, o
THA E=A9} o] IEHA HAQls =AREH T 7] e E
o3tof| 2 dsirtar AAEHK,

PSHEAE IFUET} £ FHE R FHEZ 2AjolH,
ol2igt Bl 77 Aol T3S ks AldEC] Bl &
A5t7) Wizl 2FFe] F3A 7 Aashe A= yehdt, ¢
THEI} 2& A9 gF2F ol§o] o U gz 2l
T o HE 37 diEo] A4 & AT A7 AoflA] A
THYuan et al., 2018a; A5 ], 2014), ¥HE, @2 A4
A5E =AY FEjrt 712 A fefRt A flgleH,
23] TUE]] =A] FoIN 2 HEEY] =7t 2o A
o] e 222 YEHTHCho and Choi, 2014; Clark et al.,
2011; Schweitzer and Zhou, 2010). =, EAIAE2] =& <l
THESL &0 U5 EAFH: 3718 7Rl Hol 24d
7] =7t F7RE AL EAE SR oR 45E mA] 31t
< 719 EH4kE AJELe] o] wet tf7| 2 H =T} ST 2
HE 37171 & A Qo] 28 BA=E @] Yepdt) 3 =
A7 A9 Fed-= @4 (Urban Heat Island)&4g°] © 7
SHA| Weh7] dizel o139l 2 9EE Aol 9% nAA
Eol dj7]de] o vpmd 4 Qoial EAE K Sarrat et al.,
2006).

4 A9 Ao we} E=AGE 7} njARR] o] njA]=
ol tf=A vepdrt @2 AFelA BA9 T 27U =
Ale] A EA o] weh ZAIF et nlAHA|eke] BAof of
| ohe A7t yehdoia BASHITHL et al., 20205 Liang
and Gong, 2020; Yuan et al., 2018b). Liang and Gong(2020)
o] oA =AQ) QIFE7} g FAN A WAe] 2 A9 uhE
S AErt FoE AR $E7t 22 Al Ui vt
FZHAE, Yuan et al.(2018b)2] QoAM= A1 Q1T 279
we} QU= EA0] FHESH F=7} A HA o vlA]= @
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Table 1. Studies of relationship between urban forms and air pollution

Author Study area Method Urban forms Pollutants Main conclusion
sk Linear Connectivity, density, centeredness . ggt:gﬁfatfgiisasczgggiﬂll;ﬂ e)d =B
Stone, 2008 Metropolitan regression o e " NOg, 05, VOC ] ; 1ty
i e i land use mix, sprawl index metropolitan regions are related to
9 less air pollution
Total urban area, number of patches, + Fragmentary urban patterns
McCart Spitial total land area, mean urban patch The number of  increase in number of exceedance
4 Kazya All US counties in rep - area, std. dev of urban patch area, exceedance days of AQI
2015 ' 2006 m% del eccentricity of standard deviation days of PM2.5, - As the forest area increases, the
ellipse, total forest area, urban forest 03, and AQI number of days with high air quality
mixing, centrality (Gini) decreases
249 larae urban Bayesian Number of fragments, surface area,
; 9 model and median altitude, highway density, road * As the fragmentation, population
Rodriguez  areas in 26 : : : PM10, NO:, ; : g :
x linear access, population density, density and impervious increase, the
etal,2016 countries across ; i : S0: : ;
Europe in 2006 redression decentralization, share of (agriculture/ concentration of pollutants increase
P model industry/wetland/forest) area
377 metropolitan Lifisr Fragments, population density, road * The higher fragments, population
Lee 2020 statistical areas in rr; ressinn length, job-resident balance, average PM2 5 density, and road density are
‘ US from 2014 to m?) del distance to the nearest (employment ’ associated with higher PM2.5
2016 center/school/urban park ) concentration
— . Geographically Compactness ratio, largest patch " Utkan fragmentatiqn amd Yrogn
Fanetal, 344citiesinChina hted ind ban el Jt' : PM2.5, NQg, compactness are significant and
2018 in 2010 WL D rato, S0z, CO positively associated with CO, NOs,
regression population density and PM25
* The effects of population density,
degree of centering, and
. . compactness vary with city size
Yuanetal, 269 China cities Spatial E:ﬁtﬂgalonrsgg ﬂte{;sdifgfgr:f actness * TheHgiercampdctiessanC cedred
% regression =nna, o P ' PM2.5 of centering are associated with
2018b in2014 continuity, Shannon landscape 2
model Alveraity ide lower PM2.5 concentration, and the
y higher continuity and road density
are associated with higher PM2.5
concentration
+ Negative relationship between the
; — . Spatial Total urban area, compactness ratio, AQl, PM2.5, compact urban form and NO; and
Iéloigd Zhou, %Bgocfges in China regression population density, largest patch PM10, SO, S0: pollution
model index, road density NO., CO, O3 + Population density had a significant
negative effect on urban air quality
Total area, largest path index, number
of patches, patch density, mean patch + Urban contiguity (fragmentation) is
size, mean patch shape index, mean found to have a positive effect on
Vs 626 cities in China Paneldata patch fractal dimension, mean the long-term PMZ2.5 pollution
Gong 2020 from 2000 to analviia contiguity index, mean nearest PM2.5 changes
9 2014 y neighbor distance, landscape shape « More aggregated (compactness)
index, patch cohesion index, splitting landscape results in a higher degree
index, landscape division index, of PM2.5 level changes
effective mesh size, aggregation index
350 cities in * More spatially fragmented urban
Yangtze River Ridge : . : areas had relatively lower PM2.5
;gg;'t aly delta regionof  regression Sg;ulgzggggmentatmn, PM2.5 concentrations than more spatially
China from 1988- analysis P compact and contiguous urban
2015 areas
* Increase in degrees of polycentricity
G and dispersion would lead to rise in
Lietal, ﬁiiﬂcgga&qfhma Panel data Polycentric population, dispersed PM2 5 PMZ2.5 concentration
2020 2016 analysis population ’ « Polycentric distribution of population
expected to reduce PM2.5 in cities
with hgih GDP
19 urban Beeasikisl + Increase in fractal dimension,
Ouyang et  agglomerations el ghteej Y Fractal dimension, compactness, PM2 5 compactness and shape index
al, 2021 from 2000 to gne shape index ) would lead to decrease in PM2.5
2017 enesan concentration
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o] 2 ¢ okl Yepdth 3, L et al. (2020)9] A7)
A Q7T Au FAH T AJerh Je (9L tgiFo|n
AR v HA| 27 22 ZFe] o yehgen], o
318 7t HaL AR A B Aert g2 9L gy ds
£ uAiA s2rt B Aol ok EAEH Y 2
71U ZAA 2R B Qo= (g2 EAL AP Ho g {LEg
79| Z-(Fan et al., 2018), Ato] B2 g2 t}F4]F0]7]
B}t dUFHAQ BA7F o HA] s el ol
EpydTt,

olAY, o7 =7t ? AHE o R AEEA| BT} 1
AR B 7He] BAE B4 A7 =R 293
Ao i3t dE At EAEHARE ottt B8, A7k A
o4 EAo] b AZEA7} ulHEA] Fxef v]z)e e
o2 P Byt 2FAE Selueke g gE o
& d71e97 O, EXOLE, AF E T4, 2T Y &4
9] 371 Ql EAJTke] A o] W3t A7} ths FYE ACHE -
7% 7%t 2022; Kim, 2020), °olofl & dolM= $ejvet =
A9 37 EA T HAE B} v Eo|, 2ujqwA|e} g
AEA O] BAE EAskTA} gt

I, g7
1, i) el

2 A7 GEEAEAY0] 2uAHA w2 PR FFE
BASH: A 5302 it} YSeAIET 2uHA] s
oo {AE wetslr] fiste] ALAAGA G2 A E Hof
EE &8sigltt. feuet A2 e ARAAGA 7} 2 A9
< 9Fshe YHFH R, Exo] 41} AERIE I} F TA] AlY
of B3t APARE S sto] WAA GO =AFEHE AHsIEE 3

29 EAGNE A8 & AollAl= dlolge] 5
o] ojFH& AAZ AlEt 20970 Al- - 75 tHFo2 ZnjAd
2| et AHEAEAT FARSF(ER0LE, 71448s], aF
e &85 199090 T, 20008t T, 201010 el 3
k= 20970 7A€ Hlo|EE 38k, £EH =59
BIgHS Agsto] HFA o 2097 2ol gt 3dde) 5d
gloJE A 3313t

SejuEke] ARG Al ThEat 2ol Al 2 &2 HEE T
Jem(AHAXH HE 4186613, 2021, 12. 28.), AR
of YA A9 A 9, QA 2 =A 3} A=l whet R
AAAE RN 13 ol Al T EASE A9E U
Elar, ‘e S FGAo sgshe Al Bk 2=
AE Vbl & TAEE 2 vl Q77 A3 =3}
7t 9 © g oz wolu} 427} go| 331 Qltt, =AAY

120 "2EEAE, HseH M2S (2023)

I HIEAR G2 IFEE, EX[0}, iF 5 FHA A=
oE 542 7ML lh o2’ A A & At 8. ¢
A Wl FEAEA A 4 TR 2ol 3k AR
AER F3lRE 5L Hole ALE et olF 8¢, d=
AR Fof| &3k ARA 9] Bt AU EE EAIX| R oF 2]
A UEbton] BEEAJZ G oF 48] 22 202 LERET:
oj2gt o] 2 3l =AY FFE 7 WF| ARAER T
4 4 Utk A, £ A5 ARRIEA 9] ] w72
2] AR H(F, B), 6822 ZAIAH(A]) 2211 693 H]
EAR (@)L= TRt 48 At

2. 24

1) B 83

2 AtoflA AMEEE T4 2ulHA] s 94 bl
olelE 7|uke] maitE Ak E AN ST $14 A A
40| e v=A 98 =Y 7148 el wek A ¥
919l 227 EAT = X FUE nAA] FE=E BS3) ©f
212 4 ge, BN Ao ASA vAHA] FEE F
Aok bl f-83itt. 71E A gTelAe nAIA] diolgE A
Fog 75317 fsto] AAE20 g B8] Ay
o] tjEgto = ER3AY Hiby (Interpolation)‘)l‘—l‘ z|% 9]
37 B3 B8 IARES FE(EA 08 37 2F)3t]
AR F=of gigh $4gkS AESIATHKim, 2020; Kim
and Song, 2017). 12t o] BIbgoly EX|o|§ 37 BES
g3t SR o2 Y 2ol ue} oS RS WA}
A Yehg 4= e, ST F2 2AR Y fiA]57] o
£l =A] Ao g ZE oS Jg=r) ol & Yot
(Zhang et al., 2018).

flot Z2 IS SE3] flste] B2 AtolA $14d dleold
£ B8 AEF nAHA] T 3RS AR 2 a7
o= $14d dlolEE 7Ivtez 248 A5 I E(1km X
1km)2] PM2.5 B T =5 B-&3to] FA T 21 G0] #l2H
949 w2 BAEE A8t & A7 ANSE PM25 B
L& Dalhousie University®] Atmospheric Composition
Analysis Group®lAl $14ol4 #5H oflo|2E&S vges 3}
g % 22 B3l R Fold, A AA e e HEAHQ
AFEE20] Pt vlwgt A oS o AIHR2=0.8D)F
HojEtHHammer et al., 2020). $1¢] AollA F3€ nlAd
A FEe B2 AolA 285 2tHLee, 2020; Li et al., 2020:
Liang and Gong, 2020; Tao et al., 2020). A2 o}#¢] &
(Table 2= $14 A=E 83t FHE 2u|AHA] $=2 ¢
2Lz} oflejstz|oHAirKorea)?] A5 HHHA] A4S 4] 4]
SAE e exs AS% A4E YEdth. RMSE(Root
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Table 2. Validation between PM2.5 of satellite data estimation and the measurement value of ground observations

Validation year Number of ground observations MAE RMSE
2017 169 3.014 3922
2018 257 2.643 3.109
2019 365 2.892 3.694

Mean Square Error)2 MAE(Mean Absolute Error):= A%
© Hle] RHAO R G A F SR A2 247
2t oA ZAEE Quigic), 2ojARA] AFAEL0 HolEHE
@7] of2}E A= 22 HEoll Al AYetaict,

2 AFolxls EAIFE S} vAHA o HA HEE AR
TE Faste] B4 4EAS Heidle U7, ohus)
AFR)E HF A3 tHTable 3). THASK= UH=A 9] B4
% dtE ZHE A$(fractal dimension)2filE 3] 249
wHH3E Aol B0l 31l EqFAA A|4(shape index)& EA|
sjz]e] B2 et WRlo] glon, 9] F Ags ZAAY
o] elot WAL ALgstel 24telch A4 A2 (contiguity

Table 3. Variable definitions

index)t= YFEAS] 54 F shIZ AF FES F3l A AL
ol9] I a2 SFAsto] =A] 29| A Ee A2 A=}
o] itk EAIFH 2#E 75317 8] 8737 RAN|
204 AFshe A=TEHe EAE HoJHE 2833t
GIS(Geographic Information System)& °|-83t] A= E4|
m gloJEl & A E(G0m X 30m)2] HAH ard = H3letg
I, o|F EAE Ef{ F A7 ARARGFA, 4, 34,
w2k A FY, 1, 33A)S dAE AT 2 253}
of FAo= [ 2097 Al-2- T EAA Ho diF A=A
o #E HSE FEoT s AT F52 A6l
FRAGSTATS 4.2.13} ArcGIS 10.2 22138 8-8313ich

Categories Variables Definitions
Dependent variable ~ PM2.5 Annual average concentration of fine particulate matter (ug/m°)
; ; Population/Total area (person/km?)
Population density + The higher the population density, the less sprawl of urban form
Fractal dimension = o4y (P’{;L}
n
Fractal dimension index P: the perimeter of urban land, A: the area of urban land
+ As the value increases, the degree of urban fragmentation and the internal gaps in the city
increases
E Cijr
Urban compactness (= 1 1-1
Contiguity index Contiguity =

p—1

Gr: contiguity value for pixel rin patch ij, %;: the area of patch ij, v: the size of the contiguity
filter matrix (13 in this case)
« The larger the value, the patch contiguity, or connectedness, increases

Shape =
Irregularity

P: the perimeter of urban land, A: the area of urban land

+ As the value increases, the irregularity of shape increases

Residential area

Residential area (km?)

Commercial area

Commercial area (km’)

Land use and ;
Industrial area

Industrial area (km?)

development
Green area Green area (km?)
Total number of businesses Total number of businesses (number of businesses)
Total housing Total housing (house)
Housing and Total households Total households (household)
construction Housing supply ratio Total housing/Total households (housing/household)
Construction permission Construction permission of residential, commercial and industrial area (km?)
. Road density Road area/Total area (km/km?)
Transportation > : . : -
Commute (Communting population to other region/Commuting population)*100 (%)
Meteorological Precipitation Annual cumulative precipitation (mm)
conditions

Temperature

Annual average temperature (C)
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AR AYAT FEE 5319 EX|ol8 E 7, 4
, g, A 2702 Yol A3loict, 71E A%
AT vAUA| e} EAF 20t Pste] EX]o]g Yl 7|
FA 9 2%, 15 52 334 HEE AL QlgleH,
ol & dAFfME AYATES FRat] ulHAL A=A
£ BARRR 8Q1ES HiSE AT EXol g R A
¥ B HeER FAX YA, AAAGHE, FIAGHS,
EXA gAY T2l FARYA 5 Beden, A4 4 A%
I AAE APER I 5, N 4, THESE, 253071
WAL Pgsiglet Wi UE HeE U B XY F
=38 v 83l Yot e AR 9912 F
A9 glolelE 7] d o2 Egsiglon, AR AU 27
£ Hekelo] E3ieln), 13RS, 712, T2 A
AAE 7147 A 718853 (Automatic Weather System,
AWS)® 9 Bt A=2E $F8HHIL, HiHInterpolation)& ¥
3l A= A2 F91(100m X 100m)<] Ho|EE A4ttt 0%,
Al FEE A2 S99) Wi &SIt £ AFollA A
45 EX9E dio]ejete] AlZHA HYE g7] Y8 2E 54
4= 199090 '2(1998-200011), 2000 '2H(2008-2010%),
20109 (2017-2019'9)2] Hak-S 8343t

2) g IS Y

2 Aol A= = 20970 Al- - 2] 1990 2, 2000
o, 201090 T] Zr|AHA] TRt BAFEE | 714aR]
o] ARE T3t AlA|E 2tmet FoHH AAwrt At FE
o 922 (Balanced panel data)& &3¢t @2 39
A& Bgato] vad FL 7|7 e R fFARE Ao o
4= ZE|9 o™ (Lee, 2020; Han et al., 2020; Hao et al.,
2018; Liu et al., 2017; Wu et al., 2016), & St A= FAlSH
APAFET 2ol 3MAE] sfdARE o2 B4
£ Aol vjnE g2 7|7 dide R EAsia viE
A7t Bk vjulsicia gdE o] RS AY AnThE YHgs
BEe AMgslgTh B3 BE HSE XA RS 5 T
O3S sl & dels] 288 HE EER AF
ZQl BHE 245k 412 3l /9% FFAA dddo]
Bl B2 ofefjo] 4] (1)zk 2k, ofe2] AloflA| PM, 5444 iA]
o] tA|AS ZuAHR] FE, X = iG] A He] YW
F, Be FRAE, 6.2 22 Ve 3 3] E4e] 7}
A & AL vl#E012 8 (unobserved heterogenity)S 12
gl = ok Holth(Arellano, 2003), £ ¢iteflA ARRLEH BE
B FA £E7T FYsH] g2 BA0] 7)ol 23 a
(fixed=effects) 2%& E-8-5lo] 2 dE Ha}a Q& FAI8I3I)
3, a2 P2 A2 OB A s o] wlet 2Fo]
HEm, ZF BAS 138 Ao R 7P A 2Ry

122 "3E704, ®iss® M2 (2023)

(Fixed Effects Model) 22, F29|9] gg3to g ajd 7
FEaEF(Random Effects Model) 22 AJE3}3t 4= Qi)
& Aol B85 nPANEFo] AT wstr| $J3) 5t
20k HA(Hausman Test)= AT

In (PJ?IJQIE“',;) =a+ ﬁln (Xi,‘_t) +ot éﬁ,t (1)

Iv. 24 Zu}
1. 7| ZEHEN

S EAIRY G, ), EARIGA]), 22l ] =AIR]
A(@)9] ZulMUA = YFEAEAY AolE HI] A3
7|2F AR S AP cHTable 4). $Evete] d=Az]Y,
TEAAY 3223 HEAXHE 2ulA|EZR] T2 Y n]A
= A FA, 2T T BABATE A AR oE Ao
Qe AR yeidd olzg 41} 3 & 9] 8 I
Al ASEAIEA HA] 2 T 3Bl AAFA) 7hol F3)
gt AL ¥t} Kruskal-Wallis 24 A3 E=AIX S, EA]
A9, 223 vEAIA Y] ZuHA] 2o} IFdUE, ohH
3k A4, EAAE Uedis dSEAIEES HFER §9
3 2ol(p<0.001)7F A= A2 Uepidtt, o2jét Zo] = Q1
AAAEE AZEAEAS] S ZH HTHE FES =92
o, 4 e 2UMHA] S Afo]e] 2pHskE HAE B4
817] 3l 2 AApA| W] gt B4 2dS ZFsgi ol
o] I (Figure 1) H=ARA Y, EAR Y, HEARHE Y3
2 e BE2E oy, AA77e Bt 2nAHA] =2t
AHEA] Yol TR REE VERiLh, 2u|MHA] st 4=
EAEAT BEE A BE O EAR] Y, EAIX Y, v]=AIAY
&0 8 FA yesith Sl 4to] B BA7L AL A5
O ZuNHA| =7} ejaitel ) 4uRikl o) S ofA] Wil
B29} =0] B ST FYA| FHA £ 5HS H
o}, 3 EXol g ¥ At} #H Mg F FUAGUAHL =
AZ o] th=AI A Gt 28] o4 A YL H|EAJZ R
o} 5ufl ol A UEh e EAIR o] FAA| o] thar gol
FHEII YeS & 4 ok mabEA ] R 2 B
o] && 1% 3j7FHA 9 (3974 - AR, 2022), H=AIA
A1} ZA| o] B|S5HA] Uebtom v A2 Ho| ] 64f o]
4w 208 Urt d=AASE SAX G} 14537
Zo| vlsgol|e E6HL FHEFES RARGEYG W& A
o2 Yehth i B He F E2UEE AR o]
TR S E T} 48) o}4F A VrEREAL BIEA| R S 148) o] 4
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Table 4. Descriptive statistics

Categories Variables (Si_"l;t:.leu) Metmgllli_tg:“t;istrid Urbal(iscgstrict Rura(\(l_iﬂi:)trict
Dependent variable  PM2.5 ?23 52[)1 (214952% (223768? (221 166[)]
Population density (1929904; 238% (29]72,87Tf02) 86]9] 1913;(368) (g?gileg)
Urban Fragmentation (sg%g) (gg?i;_]:,) (E)[O}gg;) (883?8}
SOMPACINESS Contiguity (3%22) (gg%?) (0%228) (ggg%)
imegularity @57 0229 (0053) 004)
Residential area 830867? 852 '3035; (1 ?122) (gg%
Commercial area (} gé) (1 15;) (%g% (gg)
biﬂﬁnﬁééiﬂ? Industrial area (g,'gg) (gﬁgg) (181%303) (%ﬁgg)
Green area (?ggg) (ggg% (gggg) (ggg%
Total number of 15490.25 22888.25 19496.71 3822.21
businesses (14007.84) (11076.83) (16105.85) (1585.74)
Total housing (2%8331% (gg:lazs% (?ggg?g) %70765525-)‘73%
W Total households (%?3322) (]50193%46?1502) (1806]5625;1834?) (179220470..604?)
Ll Housing supply ratio (0[?'19383) (3118?% (g:?% (gi?g)
Construction permission (g;g% (?85‘5() (gggg) (gggg)
‘ Road density (g:gg) (ggg) (%gg) (g:?%
Transportation 7.42 10.10 9.23 2.84
Commute (8.39) (4.89) (11.87) (4.25)
Meteorological YRRl (1128855482) 2139141-f783 (]128?26-184?) (11287]82%:;
Sonditicne Temperature (1029%2) (103;4% (1023552) (1029591)

7 e, E2, OE Aeos B2 ol uge oE
K|z} EA 7] o] HEAI K| R} 3u) o] 4} & Ao e
U EAIRL ThE Ao o 20| o] 50| Thh & 4918 A 4
oIk, 71AFRQ1e] 4kt 7] e B QAR oA e Ao
2 Uit

2. YETAIS Y} =0[MHX[S| 2HA|
Arorls 2uMRA] FE7F ASEAISA vlR= 9

sk BARk} Al0] tEA, EA, HIEAI) XAR] W A
splsl7] Sia) W ElolEEA e Alaskalct. 2 A

Mo

2

]

HE BARES 15319 09, AAA G (Model 1), HEAIA]
(Model 2), =AIA G (Model 3) 2832 H]E=A X9 (Model 4)
2PS AAEcHTable 5). WdA RS FA8HL e 230
oS AA0E w&3 £ s Y aNEF SEANE
o sdAtrol sl she-2ut AAS 3l 2F Ao HEA
< WAskGic), sh-AT A Al A, BE REA £ 5
Alg= 7t 21o]7} Stk AF7HE 714819 (p<0.1) LA}
23o] o AT A2 Yehdth, EF £40 4A oA
4 AESHA VIF gko] 5 ool AAUA7} & Hrss
A HFH 0T B AE38l0] £42 APsi3ict,
AAA G ddes B4E 233 Model 194 IFEE,
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Fragmentation

7/, Urban Area (68)
it Rural Area (69)

1.039 - 1.0419
1.0419 - 1.0463
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less than 1.0354
1.0354 - 1.039

more than 1.0463

Irregularity

9 Metropolitan Area (72)

7/, Urban Area (68)
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less than 1174
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B 1.206-1.239

B 1239-1.306

I more than 1.306

Figure 1. Distribution of PM2.5 concentration and urban compactness in Korea

A A EFAAE el Al 1Y SEEAISET B
HE W7t Foldt 2o et A= Q0] =2
T8 2ulEA F27t 3 Agro] Aglen Eqfaol ¥2
5 2uY7A] 27t B2 AT U A= B4
E3), Exo]g 9 iy} HE W4l TR AT} 537
o] fo5t g Yehgon 53] 522 dHHe] &9
P vFicks Ak O AYgA7se] datel kgt
o] £X]9] Z7p7F 2u| AR Ao FHAA Y Ehe A
S thA] 3 AZE59HTao et al., 2020; =Y 2, 2018;

124 "=2EAE, Hs583 M23 (2023)

McCarty and Kaza, 2015), A % 253 #iE Wl 245
37IHA L 2u|HA] sl Fo3t ¥ IS F= AeE
Uehgrt, ulibiz] el 23 a o s H-le] Yt AEs7et
HAE 7t 2uqUR) SRl 23 o] FFE vA A
o ollA, HIARRIE 2H4A17)7] $18) of@] AR} 7]1&0]
ISk A =32 At B 4 YoiERA - 2,
2022). vHA|Eto.2 wEt fE Wl =2d=el g x| §
- F3 g BF 20|H7] 29 G ¥ 9Fol U=
Ze g yehgton| 71& wEa wiste] AREL Y= vAd
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Table 5. Estimation of fixed effect models (Total, Metropolitan, Urban, Rural)

Total Metropolitan district Urban district Rural district
Model 1 Model 2 Model 3 Model 4
Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value
(Intercept) FgTamx 0.000 3.193*** 0.000 3.585™* 0.000 3.617xe 0.000
Urban form variables
Population density -0.014* 0.087 -0.004 0.744 -0.035* 0.086 0.01 0.517
Fragmentation -0.047 0.671 -0.066 0.570 -0.828*+* 0.004 0.132 0.980
Contiguity -0.091%+* 0.001 -0.268%** 0.000 -0.017 0.828 -0.01 0.849
Irregularity 0.]32%k* 0.003 B.157*x% 0.000 0.079 0.751 -0.289 0.219
Land use and development variables
Industrial area 0.0074%* 0.009 0.0036*** 0.000 0.0007 0.408 0.0008 0.774
Green area -0.0002*+* 0.000 -0.0005%** 0.000 -0.0002** 0.013 0.0001 0.748
Housing and construction
Housing supply ratio -0.012 0.727 -0.005 0.898 -0.189** 0.019 0.092 0121
gg:‘ﬁ;‘;%‘r?” 0.038** 0.000 0.005 0.392 0.052%% 0.000 0.034** 0000
Transportation
Road density 0.035*** 0.000 0.032%* 0.001 0.063*** 0.000 017179 0.000
Commute 0.004%* 0.000 0.008*** 0.000 0.002* 0.005 0.002 0.160
Meteorological conditions
Precipitation -0.186™* 0.000 -0.7109*** 0.003 -0.128* 0.100 -0.244%%* 0.000
Temperature 0.266™** 0.004 0.223*** 0.002 0.166 0.175 0.323 0.001
N 627 216 204 207
Hausman Test (x*) 37.69%** 4.44* 14,56%%* 12.82%*
Within R? 0512 0.587 0.434 0.422

*p<0.1, #p<0.05, **p<0.01

A Az BAo] HFsirhs 2S AT 4= AUt % T
B3t 557 AF 28 A%, =2 AU AA 9 BAo]
T Q@A 2021), % T2 vAIEA] AEE ¢
& o ohet Aok vie] Wasit,

AR S (Model 218 22 E4E 23} 2ujAH] &
o] AL T 59 ¥ viAE AE el B
AL ot 49 FFS A= AeR EXEY & A7
oA AMSE UFEAISAES UEtdls I8 =S =
AlgPgt o getstA #o] glthMcCarty and Kaza, 2015).

& 01, I=AIA G Zo] EA|9] ggo] A|Eo] w3
o] RYE I e UFA47F F7F8h= B H0] oL, EA]
Y9 YA FE T2 TA|9] go] AgPE| T Qo =
e 2 247t 78k %ol AtHOuyang et al., 2021).
ERE, EAIR G Alole] ABAE UEdle A W] ¢
53] AR HollA] F2l7t 29 ¥l e A= YERL
o, ol UHEA| =29 Fa3 Ao ARE IULY

o5& HAdBIth= SHoA YAITHE 3 - AW, 2022;
A9 9, 2013). =& ITFEEE 7L Qs HEAIAS
2 AR o2 Ao v3| 7|9kl do] g tfFagoe] U
ot Aol Eon, diFag olfo] F71E x| $5-3
A7} A4 Hol Az or wEy FAY LHEA WA
o] ool wet =4A]9 xuAwA] FE7T Aashe el
= Zoz BAEHYuan et al.,, 2018a; A5 2, 2014).
QAT TFE W] P A Aol HlF] EA)2|
HEA|Z|Fof|A] o5t AL & 4= Qi) ANFA o2 =X A]H9)
A7 o gFEo] T B2, EAX G} v=A]A]
e fEAX g R} A A7} HAUYE Aol A
Qiet Zo] AR A3} Bl =A|R|Hof A w2]7} stz FA A
1 oy ZYE HA%lE FHle 247 ERske BAl e
& Yepdie, A|7te] xgof| whet mA|e] sjz)Eo] AFE o] ¢
Z/do] & =AIR HBRIHOuyang et al., 2021).

EAX G| -ty =AY 9| §)A]sle] A=
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IR

A9 HEE Bl EAIZF e, o]of sk XA 5
A2k TAA7E B2 58S 7N Aokt =4 2t
£ WA Q=R FFEE A48 EAR1717] 8l AAE
o, FERY FAA|7t FAE s T A EAEEH
£ 2t} EAAY(Model 3)& AR EA3E At 204
HA] g0 A=} iHEs} 25 5o FFE A= A
o2 A= ATEE 9= F4 9 AT ¥ F
HE, AF371h% 0] fodt 932 vlAle 22 YEyh
McCarty and Kaza(2015)% =AI7F BHH3FESE EA9} 152
9] E3to] EolA 2358 ti7|dE AT 4 AL BAE%L
B, Wood(1990)i= HHASHE =AA HollA] HAA A 22 7
E7l 28 3719 34| glelA| Uepdria sjAsigict,
Qlet 22 Aip= 2 A7 At GAshY, AAE ARE A9
3t =2 A g A o] EAIX oA 71 Ho] YElton, §-oJ3t
29 2 2 Y= AR HAEQIT &2 AollA 283t
St AR W ZYE 2ol Fho] #&-E wHH3t
7F &3 BA] 5% 7ke] =] At L et al.(2020)3 Gaigné
et al.(2012)2] AFONME FHH 02 TA7L spHA 0 7 FAlE
O UARE, ATFLETL 2 theAAR BAFEHE 7SS 1|
MHR] F=7F WolR|= o] Jlrkat AAIsH3i,

EX 9] Q13 g7} shrztel Hste] A A i} EAIXHe
A frofataA AE= 27t Uehd 21 & Aol A AME
A| o] oo of2] AATolA UeRt Mo v|dHE2|Ql 2
b frARBHHLee, 2020; Liang and Gong, 2020 Li et al.,
2020: Rodriguez et al., 2016; Cho and Choti, 2014, Gaigné
et al., 2012; Bechle et al., 2011). Lee(2020)2} Rodriguez et
al.2016)9] ATolA= =AY THIE FE0| FETE FA
S 2|7F QLA o R vEL, i3] Alo]e] A7} Holhes
AREA} ol-g-o] WolA gy A 2 HY TAo] F7Isk= 7
3ol Q= AR AT, T, Li et al.(2020)9] A-oilA
£ A7} gEstESE oA EAREE 7R YA,
TEAlAo|HA T EET £ TAl: 23] 2uAWA] F
=71 @2 Aol e AlE BN AR BHsly
Cho and ChoiQ2014)= EAIA9Q] FHEF £F0] 545
HAEA] =7t ST ZEe] e AR ey, FHE
3 ZAIFEE F2RE di713ke dAslY nARA] FE=E F7t
A71E 2o BAEI Liang and Gong(2020)2] 21+e]|A]
&= A 9] 7o Q1Ade] wo W E S STHIA 23]
LHETE 7HFA Hol 2uAUA] F=T} Eobd 4 T &
AalQict, sHAEE, 9] A 2HEE 9240l 22 EAA Y]
7199 AAel feistchs B4 247 Bl thBechle et
al,, 2011), °|A Y YFEAIE Y5 HUFE Alolol= 2mjA|
HAo] vjX= FFol A5 o 1o, ZujAHzEat opet
di7le gzt HAste] YF=AE =3l o AFd HLol

126 "EEAE, HseH M2S (2023)

gasirial & 4= Qlck,

ojgjole & A= EAolE R A, A H AF, wE
HAE 2AFFEE AT RA 83T d=AA 5]
ZUNHZA] Feof] Fo5HA FFE vlA= R FARGH
A c29% e Ao 558 HlEo] ¥ FFE, SAAY
HAo] Fo| P& nlAl= A oR et EAASS gide
2 FA% Model 39] B¢ 1537104, =22% g A9 §
- 58 &0 49 FE, AU FEYEGEC] 29
P njAl= Ao velyrh 53], =AX9e A4 9 4]
%9 71%5E T3 JEAE dEAIE FHoE EAlE
o, FHRAFo] #4tE o] EEU-E WF AFS A3lshal
AHIE NAdE 4= 1o A 2] 3 E7HStreet canyon effects)
€ ¢ststo] tf7] 2.9 AhA e Fshtal Yt Glaeser and
Kahn, 2004; Manins et al., 1998), =38t ZA=3|7} WAo] &
7V E v|AHA] 2] 'BAYo] @olA xuA||A| F=7} ot
A= Zgol QAN FeEEE] BAA AT §-215 29|
I A0z R E o, A9 7% F3sL = EAA
A9| QLAY A5 ZulNUA] = A3l 3 g
Bhi Qha & 4 ok AR AT UE AL A
AR QIFE FAMAA HiX|Eo] whe) ZuAHA] Fe 7jAle
gt S & = e Ao= Yyt dEAXYS b=
AAY e} A F2-55F ul&o] AR FEot ko] A
7F Qe Ao® Yeion, Ao 7ke) o|Fat wiste] iF o
U7 2815 EY 5= U BE F8 2 Bart el

HIEA A G (Model 4)& AAC2 FA4351 A} 2n|AHA] 5
Lol fofsiA ¥ VA= MsE 24537 We, t2UErt
%9 FFE v|H= A= e olgoE & g7 2]
AIRA] =] FEaes 714l 2 712E §A
HEE 831Gt} #4 Axl, Aol 2248 2uAHA
T2 AFo| AL, 2= FUHSE 2u|AHA] 5
72 | Sl Ao YrsithErd4, 2016).

V.2A A ZEE

A= 2 vAEA] Az Sfsf ohet H ) Heol
T AZHY A= E A7IEQ vAA 2AsES] 2a
A& Atttk Aol F53t d7-2 AP, LA
ol F9] 24315 Fafl B FAE diEshs YF=A
5t A2 02 =ofso] gion, o] g toflA] uhEsle} o=
A =ANES vlaste] 4515 22y EA0 FESHY &
A} 7] e Aol BA O] B ATe IHelA AdAeE B
S5h, A5712] ook wAH A7t AT} Aol ofef
gh, & dFoxe A5 2097 ARAE oz USEAIES
2 FHH R 241, 2nHHA) FE FF2 A= o

o & oo
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EZEAEAS Y 1 E 2Ye HEste] B 4=
ZA|9] Pefsty Ao gt F5igt Aol vlws}] flate] <1
Tz, stEsEE 2)4), A”A 2, BN AFE €
S3t9lch, E3t, nAAN RS 83l fEAA Y, EAXY
a8 H|EA| R o2 AAAE Bl B4 Sasigich

4 A}, 2uAHA] e EAA Gt =2 G ¢4
EAIEA wet 207t gl A oR BAEY, deAA G
A4 A TF] 71e] Q1AA0] FE&4E ESfA4o] HE&FE £
HAHA] FEr F2 Aol Ao, EAAAY F EA]
wjzje] mEsie} JAFUET} FE45 2nAHA] 27} B
7A%e] e AoZ EARHG. et 22 Fak= ddest
E3 7[WER o] B =X G2 e il o5 &
4318 4= Q= YEEAY| digh =97k 2 - AAFR= Blo]
ot vh, A4 9 A 59 8 7158 YL Sl EAAY
9] 749 Al FHE EAl= AR FHEGES 59 &
AQ] A 76 73k 59 AL 2rAUA] FE 74l
344 9L u|A £ Qi) wehA, AEI ATt 7|9k e
A5} #ARE BAIX Y ulHA] FE=E AT 5 9l
o] wiiio] & = 9lon| ZAZ|RAJ o] tiAlofqt H S A] oF
EE A EAY] 7)550] ThFald = UES 3h= A2 vlie] I
a8}t

2 A 71E A Ao ARSEINE B o]Qle] IS E
AEA, 53 FRE WSE E831] 2uNWA] Foke] #
AE FERLH, FAF FZ HA7E ofd AFE ez A
AE FEI UFEAEA O 2oAHA] 529 S
FEAYch= dollA 297t 9l B3, $euete diides 2
P A A 4 £EY, FHAE g g7 =
A9 37 Q1 EA Tkl BA o) E3t @77t oh AgPE|glont
(Ahn et al., 2022; 857 Z%4t, 20225 Kim, 2020; Park
and Ko, 2018), & A& A0S L2 =AY, TAA]
o, HEAA G o g LR o, 2| Hof wpg} 2uAHA] F=
ML $13t A AARAo] T 4= 9a-S AXBIT E3E
E dFolA &89 TANS: 5 o4 TRE B =2Y
T, Bt A 5258 vl &2 BE 2ol HA| sEo} ofe] A
7} Q= A2 EAEH, nAbA] AE 93 wiEvts 5%
Aol dist 238 st 52 AFo] AlPE| 1 glond, o]
= 4 HopojlA g Agemo] BB HIES Eol= F
A 7t 2}5go] ol 52 HAs3 4 9= AFo| vy Yart
et ZE ARl ARE ARS|A ARR7] FHe] ) aF
o HAE AR WiEge] AL o7 A AAE
538lo] & H(Seo et al,, 2020; Kang et al., 2020), AHIFE
ek F A ol5-& 4 £ Qe AL 2ulAHR
= A 3R ANE 7HAE + USE BAE oAy
2 AFE 7|3 ATl A E43t o4 BRE mRUE

WFF 5] W Qof|, Ao o5 RS B AY F-F
3} vl &2 &8313lon, T wsvt 2u|AHA]| F=o dis
% F-2olA she] dijiaR AMEE 5 AS-S AlABHE HE
olt},

2 A7 2UAHAL} YFEAISAY BAE AAISKL
o1} o Z2 SAZE EAgIT & AFolA EX TR blo]
EHE #8310 Y59 FHE SAsoU 2A9] FHE
ZA517] A3 W} 7Sl oidt 2718 HEV Eas
dig 01, 947 7oA kA FeiY A2l 5 &
ZQl @A RIS H3t7| o= NdE R3] S8 A+
U 183} B E gio|eE AM-EH3ItH(Lee, 2020 Han et al.,
2020; Kang et al., 2019; Clark et al., 2011). E3}, 7|2
EA(PM2.5, PM10, NOz, SOz, CO, 0s)3} EAF 2] TA o
W3k 34 A4t7F Yasi, 7|0 AgatofA SO ¢+
71 #2575 o9, NOz= 21559 o8] Woldl5F o}
Acka £A8HL and Zhou, 2019; Fan et al., 2018;
Yuan et al., 2018a). ZPAHA| HAT} DS Aol Q=
NO22t SOz= E=A 2] Fejala] 2] of wet 1 §3Fo] BaA
ERgt), whha, ZojHHAjERE ohUel di7|  EEF it =49
FeEHA BAE B4 ol dish FHA A1 5 o
A ofo] Basic}, & AolA tfdt LPEFI =AY
FEHEHA PAE BATTHE, di7] o9 B3 gHsle ¥ &=
A A8A vkl iRt FAIHQ ditkE AAE = Y& AR
7]digict,

XA
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