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Estimating the Microscopic Distribution of PM10 according to
Building Coverage Ratios and Aspect Ratios in Urban Street Canyons

A9l Kim, Minsun**, 71&4f+ Kim, Hyungkyoo***

Abstract

Particulate matter (PM,) that threatens human health has now become a social disaster. The urban form and physical
characteristics are important factors that determine the dispersion of air pollutants. The aim of this paper is to
explain the relationship building coverage ratios and the concentration of PM;o in urban street canyons where the
concentration of PMy is high. For this study, ENVI-met software was used after setting alternatives according to
the change in the building coverage ratios and aspect ratio. Multiple regression analysis was performed with the
concentration of PMy, as a dependent variable, building coverage ratios as an independent variable, and wind direc-
tion, wind speed, and air temperature as control variables. As a result, it was found that the concentration of PMyg
increased as the building coverage ratios of the street canyons increased. This study suggests the change of the
concentration of P, according to the building coverage ratios in street canyons and suggests that building coverage
ratios should be considered in urban design.

Keywords: PMso, Building Coverage Ratio, Street Canyon, ENVI-met

I. N2  2016). BT Al v
Alehitol A £

[sa2]e] ofsh gkl

SAS FAETHUAY 2019). AR
1. 79| HiE R 5% 717 20219 9 viAIR|eE 2RAHAE 7P
AT 0 AEA F SR ook, TE7ES

A =0 sl uHRs 2019 TG W ot AWH 15ug/y ofokE AASIT v Sejue o)

r

A Z1E, Agel wret AsiAde] olck vl AW @k o7 71ES S0ughnE AR
AWHAE 717 FAL A TR} AV, HET 7 71%0] 39) o] Lt F1ES Agstn e,
o] WAL Alst A7 o] 2] HrkEs R nR) A Slste] Tl o mietat

o] =12 221 FEWFH-FE WSS & T A 2|9 Hol £aE H9)(RS-2021-KA162410).

** golfsty LA|AI T AR (AILAAD | Master course, Department of Urban Design and Planning, Hongik University | Primary
Author | comingsoon@mail.hongik.ac.kr

ke golgelw TAlFSht Bud~(wAI#R}) | Associate professor, Department of Urban Design and Planning, Hongik University |
Corresponding Author | gusailsang@gmail.com

THo] HE| EIOM AT (o] WE OMMK| SO DAY 2 &Y 43



H A R 7S Alskal ik 20161 TR
e S8, 20179 TN g SR,
2018\ MHPAA] mIAA] e 7*§}EHZHJ% T4
SHAAL, MAHA] 27 9 o] et S8, 5=
APgsta A 2 e 712, 5= Hxéﬂ‘ii
t}. 20199 =2]olPg Aol A AIRE M|
& AR 24Ol mhEd AR nAER] s sk
2016'37 €] 2019\97k4] HIE 20% oV 577 =
Ach=2lek g4 2019).
Z12fu 2019\ RIAHA] T A olite] 515%E
a5 FHell SFole 5, vl Heh o ulete: u
=9 o] Attt nAHR] Fix= viEHe]
IO} HIEA] AA[Sh= 22 o B2 nqHz]o] &
E EAo] 7|z3t g a=do] H astti/d4d-E- 2020).
FEuEte] mAHAe} mARETE @4 THo] ﬂﬂ]
£ Hole 979 BeAo] F4EE Zhedl(et
g5 2007; ]9, &% 2015, A5, ‘ﬂ%“%
2019), =A19] P9t A=0] =2 E4o] Al W
7oy 249 ikt S48 Aok 58% 2
29S8 o8] A5 53l grchEdussuriya, Chan and
Ye 2011; Li, Wang, Li and Peng et al. 2019). T=A]<]
7] @2 A FEie v 2] Jke o
(Yang, Shi, Shi and Marvin et al. 2020), T=A]9] 1
sty Aol ti7] ey =4 24
HFSlICHShi, Xie, Fung and Ng 2018). 24¥ &
37t mAHA] S PRE flol A FE 24
o] PAE Akl AR Bt aresf
= ek
Lol ke nAHA] ZAPE st ofof
Felo} Ao WEH Fa FAERA SA e
T2H7|E5440] 20219 AW vAHA] B
4157uglm7t AEE-A] At =AIT7157 40
oA 5 38.26ug/mEEE £ SAHEIL =

o e
=l o ] W

2o wis

o Y

S

]

e o

44 ZEHT H[1183(2023. 09)

2ollq SAE vAHA] s A EA] 35 A
2 EA IS A fEn SRR ke S HE
Zel ©57) 2%e Slsl ¥t Basht.
olef & Ftolie w-se] WAl /TUET} =
< oA 78] Eae v ez et vl
A EIe 710 PAE el ek nMReE
A FEE Uetdis 21Eetke] ¥A] 1ol s,
& AFINE EA] FHE HEE A3z AbE
I QElE gt Hulee feuet =A |
&, 73, o Aol o] A HE TRt A FH]
O] g/l ofetnt. 72| =2 Hesol 718 Jd
o Zolo] Uetd ks oluish, efhlet 2 7]
Steb] 232 AT 4 Stk efthle 20| 0]
£ EEPJ UHE Whe Hlez o] wht A
0] Fe7} Hefeith= 54d0] At tivke] 2
%01 LA ATAN AAlske 2 84ES
AL it ol A9 e Wretes 84
ES YISk Zulet T mE o] o] Risht
o140k gt IRt IeA] Fefof] ofjt miA|e]
5?—4% AL APE o] nHA] G o Hagat
= /o] Atk & AFE Foll =AO &
2]2] Hajo] ofgt nNH] seof HolE Selska
0 W A AAA AAREE Alstaat .

(]

¥ 1>} Zo| A 582 ol
ol w3t BAe 2k 9]
sﬂoq:rL AEE =3



OlHE U EAHZA(One-way Analysis of Variance)
2 22y AR Bonferroni Correction)S S35f| T
QP 2lolE RIRIh HNHZ] FeE FE5HS A
Hlgs 539, 39 35, 7IRes BA MR A4
goto] W= 7o) QIMAE SISk ohaA, A9
Aol dfgt AE, AR, 0] 9 HAIE AAIRI

el
|
N
N

@il vz 2 23

gi7o 55

MBAT D2

E2|0|82t = A| FELZ} OIMHA| S&=0f D|2|= FE :
AR ete 85 S| Y 247} 0YHA| s=0 0j2)= F&F
SA| 0)7|% 7} DA @3] 520 0|2l &3 :
Mol o] S A G| ApaH

RS- Rt

CHor 4
OlH22] S&= AlZ20[dS S8t 2871=

2¥EAS

3
AlE2flo]d U ZatsHM

232 24, EALS, £ e, 91, WE 5l
SA] 927} M) S5 9 Bt mjx g
det A7k AR Gk B o] Bt st
A7 e A A} EAolgt A g 247}
nlAR] o] nlA QRS drel T, Ak

BE wEsich

1. EXIOIZa} A| et DMIEX] =0 DX St

OE 3|41 EXJo] g 875 a(Land Use Regression
A HiE gH glo]
A9 a7 E8ole] 54 2] t7|eAE
A 5k dl50] 7FsshH, obAloh, R, Frlofld &
Hkd o2 zfefEltkBeelen, Hoek, Vienneau and Eeftens
et al. 2013; Shi, Lau and Ng 2016). LUR 232 EXZ]
olg &%, T T, WE I 5= W= diV|e
¥ 24 L5 339t Kim(2020)2 LUR 23S
Bl Exolgo] Al&Alo] uHz|e}F ZrAH] &
Lol mAl= dkS AR FAA S T4
2] FEeof F{-)9] FakE Holal, AAAHE nAd
A Fol A(+)°] e HYlt 2t EAJol&
Fa} el A FHIE Hes 87t A 5
5kl QI Gong, Hu, Liu and Bu et al.(2016)2 EX]
o-& Q] oflojz=& JFoHTHA|(Aerosol Optical Depth)
ot A= =ol, AHlE, 84E, A8 I A 1T
7= Hle 59 A E= 949} K npAuA] B
o] PAIE SIS, oflol=s FokrAll A=
o], Adle, 8AE, e 4 Ak, 115 TE Hlee
7t nAHA] STt S75HE LUR E3=
Z235}9Th. Shi, Xie, Fung and Ng(2018)= LUR 23
= 5ol ZuMRz|eL 84F, Adls, AUy, s
E=olo] A AE 5 A FE 8400 WAE A
1, 84E, 791E, dULrt S7HESS 2rAHA|

7FS7¥ekL A wolo] #AF At SUIE 2
1

<
g
°
_°|L
—
cC
pe)
ko
ofl
rlo
to
o2
o

rZ

el

[e2

Hr

—

Q) Bl W Pl 0 @B A Fefole] P
Az ZARI, THEAe] BRg A4EE £0 &
A B a4 mRaRee] Ae), Aug, A @
20| Qpelr} glom, EeaRee] et 7as

THo] HE| EZoM AT EH(o) WE OMMK| stof DAY 22 £ 45



3, Anigat A] g0 ezt S71EEE vl
Wz =7 Z7kekcka grgck J12u Jig, Liu and
Ng(2021)= #=AH o2 E] HmE AFSSh= LUR
= 4 gl ol= @
27} mAAz]e] 234 ggke X EA] ER1% 5

QTR e Astr

nge nAA B BEE B

L =

il
L

0
ek

2, TISHASS 285t TA| | 247} OMIHX|

EA FH E= A FHIO FFel wE e
= i Al PHor S5
3} LGRS} Aol Ho] YIrkTominaga and
Stathopoulos 2013; Qin, Lin, Lau and Song 2020). 25
Ao F& =R}t =2 o] BHog 7=
9 Ag] @l Alofet 4 gl A 27 4%e] 7}
WA G St =2 B, A &=
7FsR 7V 24 T AT EAH kA et Al
Beflo]ddo] SHAe} 4 EollA de] ARSEA Q)
THLi, Liu, Leung and Lam 2006;

r

Wang, Zhou, Zuo and

Rameezdeen 2018), AXkgA| st AlEH 0|2 a&
X9l Blgoa A2] g o iog%w Yol BAt
< wope sieIgt 4 glon), ket A% 271

Aoz Pl W] et LA dloleg AE
ste] x| Holm] ko= Aglo] 7RsseHL, Ly
Leung and Lam 2006; Yazid, Sidik, Salim and Saqr
2014; Wang, Zhou, Zuo and Rameezdeen 2018). 121t
H o3-2(Hofman, Bartholomeus, Janssen and Calders
et al. 2016; A A, o2 A} 2020; Hi-3+,
HR2E 2022)0014 712 FJEfE dutstete] Zdoh=
AHTA| S AlgE|o)l o] e Batet Al =
A= Fdoke Hloll AT EAst, A&
of eh= A 21 2 =Y A e e

=
Q)

o)

Al €

rit

o]

e

46 =ZEST H1182(2023. 09)

St ulj7is<o] whet A¥pr} et Tominaga and
Stathopoulos 2013; Blocken 2015). whA] ARG
oF AlEdlold AME siAstar 28 wf AlEee]
Ao 2 eHAL E=H/e] disl =271 B a5t
A3t A5 ol 27-Fh

Chan, Au and So(2003)= AE Hga} 2] &
157 7] PAE A diZledg=de] 24t

= Stk et 245 i1 ed=2 o of
EL7F fas) 717t olfofRA] fhae #]l
Wania, Bruse, Blond and Weber(2012)= ]3]
& dof i A w34 AlEold
YotAaL, 7] E=9] et S7FEE 1

2] FErt 7Rk USRI

JQ

Jlm

o

il

> lOiS;ELL‘
w4 B

I

3. TAl 07|27t OMEHX] SE0| Djxf= B3

EA9] w|7]%= nAA] et Rl TRt 4
S vz 5*1-04 H}a@r risto] B, o],
A% (2005)= oA T =20 1ol
P wf o] 20&%@@ FE7t EoH gHito] o]

FolA|7] &S 21

0l

Ol

c}. Peng, Gao, Buccolieri and
Shen et al.(2021)-2 FAA|Gol|A] o] Wikt 517
Hrofe] PAE ATl 918 Adsl] Sl
2ol Bt AR XIS ke 2e AALSH

itk Wang, Zhou, Zuo and Rameezdeen(201 ) "J

At Aol 72 952 &olH|

olr

A S 9 Bt mlA e ‘ﬂﬂ%iﬂ,
7] @go] Brks Aol vl 50] B4 %
o] ol MAA] 7t 7 BEBS Tk L

Hoow
>,
lo
N
oz

Ma, Wang and Liu et al.(2017)2 &=
o7} B[R] FEete] PAIE
20149 =:9] 7123} X+) o] ATHAP
skl 294, Aar(2021)= 712

Fo
B
<
47
Rl

O

Ef*
i
E;
=

1o o

d
il

|
k&h‘
2

il
of
o



4, RIPO| B U 20| RhEH

31 Q40) nAHZ|te] TAE mofet =e]o] A
oA A& vMHA] Fkoll FakS v
b & 4 Qlrk sERt Suield Aue-g 285
PARZ] S s S0k ATte FEoh, A
7Ol LUR 232 Zheo] 254l ¢
oF7] offithe EAo] Stk =5
] LAl go]] Bheded 4= Jle= Ziskeol]
H] Hglet 825 0] FAF Basich
e wht A1S] FE7E vheA] HEhest
Aseat npz|eke] PAE Biel= A7t B ast
™, QIS 12fg AHES WaE ik st
1 ZkgA| s ol rIAAA] FEel Blxe 7
wgo] 54 JFEE Felalof gt et Hat
AL Algeloldel desh= 210w} §igo] wet
A7} o2 A U] nAwA] 5
Pk 220]| et FEFelo] thEA Uehhs A3
75 sl o] 71 4Tt dir1 L AeS Ht
gog si= g7t "asih

rlr
r.& 2w

Ol(

ioh
ro

>
2

N

=
2

iy
ﬁ?ﬁﬁmﬁ

o
r

r{r
(¢
§J|T
o

. 2 75
1. Ot &9

B A= AgAle] 243 A S s o= vt
’6}94 1ol dioke: wigdsto] ZayRich. A= E5
2 L25 FAoE AEe] d&Ho2 Ueht= 7
o, 2bFate}t 22 7] e dde] xuar 217t

ole19] 7] 2ol Aztsict. A2l

L]

e $% Ql79l ol W, 2] Asfgo] 0%

o1 At 82180] 800%= THUES] .

ERL} E odgLo] tppto g 4

el

|
a7

T

[e)

H&s
Foct diete] Axl&<] M= 34~57%=, o

Aol

ety Zule welol ot
2 uiz] ses el 95 848 1St
S WgtA7] 979] tiehS: <B 11} 2ol

B 1_ojer o
A4 | AE | AE | AE| 4
22| & U] o] | o] ”r ot
) | (m) | (M) | (M)
o
EHlL 57 | 20 | 34 | 42 | 1.24
ot
rﬂ; 53 | 20 | 32 | 45 | 1.32
oF
Tﬂ; 50 | 20 | 30 | 48 | 141
ot
EH; 47 | 20 | 28 | 51 | 1.50
ot
1'41; 44 | 20 | 27 | 54 | 1.59
o
EHGL 42 | 20 | 25 | 57 | 168
ot
EH; 40 | 20 | 24 | 60 | 1.76
oF
WSL 36 | 20 | 23 | 63 | 1.85
o
EHQL 34| 20| 22| 66 | 1.94

THo0| 2| HROIM AHMST Tl T2 DMEA SO UK 2X £H 47



AR H) AlE 60%E ZA5HA] 2 A9
A 2o Ale-g ARSI, AeAl Zddize] I

%! HE&-S 4% ARt}
ik tigh 1.2 Axlgo] 57% o A=<] HH] 20m,
71E2] Zo] 3am, 7E2] o] 42mo|ct. thet 2= A
mgo] 53%Yd o &S] YH| 20m, 1E9] o]
32m, 7E9] o] 45mo|ct. et 97kA] AHES
aotm A9 EolE Frkke WACR tijkS
Adetodet. BE digk 7H2 30m, A= 40m 3712
2] 10785 29 vigstar 11 Afoe]l Zo] 150m,
30me] =2 E Hix|eRrt. dhdA] W mIAA] 2]

eItz B9} E22 Seiit 30me] F
7f5te] & 712 210m, A& 170m oS

r
ftlo
N
r

o
B
P
™

B[t

Ni

rE Mo
of r“_ﬁ:
g e
tlo 1oy

ro

_{

Z/JoHoltt. BE 5L S TR E 2mo] 1H
& Fo] Aokl & Aol & 10m= 114513
o} 2imke Wislel] ik mAHz] sE TEeh] 9
3 §AES 1ot dicte] A& AE EolE
A WS SARHA

o L
£
:%-1“1
o oo

19] 79 Q3| 1.240]11, Tt 29]
Q= 1.320]ct. T2 W7 SAE Aefol A of
ot 97k4] ZAEQ] &ol7} Wskelsdr] el &<

= vicbe] elphlr Asist

'

¢

o7} b

2. OMHX] Sk AfEE0KiE Set 2 75

7V EAl 370 oA HiE AlEelelde XIsietal
2} ENVI-met v4.4.6 T2 7385 ARSSHE ENVI-met
2 AP BESkA} ohs 37k ok 71
HRE AAste] 7|95 WSl 33k Ry T
2afog, 19980] K9] ufolE FE(Michael
Bruse)oll ool =] At ENVI-met-2 57 A Hof

r

48 =ZEST H1182(2023. 09)

At 23S ALgSle] NO, NO,, O3 & mlHH7] 59

CRTUY W, WAL WAL AT 5 glon]

£ Assk] $1’t A7 3= Qlek. Paas and
Schneider(2016) $1-oflA @ BEE A4 Hdo A5
H| S 95} Austal20002} ENVI-metollA] S4%t o]
ANHA] FLe et A TS uA|HR] Feeto] vl
£ A=A, Austal20000] AE2]0l B 77k 2t
ENVI-meto] AA] PSS A F46ok= 2 W
Ak ENVI-met2 5549t E2f5to] ofait gloj= At
B Xsplolehs A og 2T uMHAE e
2 3h= Aol ARSERL QlthDeng, Ma, Zhang
and Jia et al. 2019; Guo, Dai and Bi 2019; Jung and
Yoon 2021; ¥, A4, 7FEt, alotet 9] 2022).
121t Paas and Schneider(2016) <30l 4 ENVI-met
o] HMHZA] FE WA o] 345 AXH, Alae
old At siiA] Al AikRA|Sst Algd|el4do] Ad
AT A 2719 SAO el o7t H asi.

ENVI-met®] THAl= 27 99, o A7, Ale
gold -5 9 Ayt A 5 3TAE o]Fojii:

HA ENVI-met©] Spacesollx] oFAl d7get 9712
tjere] meled-S ARJetet Al ©@9)7} miAlshE 2o
O] Aetwrt FIEL 48 A7t IR dget
AlEdeld 52 flol Al 29IE 71 1m, A=
Im, =°| 3m=z AAsIGir 7= 210mo]il A2+
170mo]ar 22} 79 1579] Flojoi= AAstA e
o, Y& tiFTt dofd 4+ U= A 6m ol
8%°] Hife = Aokt 5] Eols 275t

o= AlEgeld FHael Bast e
Stk A 7Vdehd A%, il ti71eE B

R
i)

ot

N
o

i‘}L



L oiro (=
s 27 A=
7] [Min. 2.51°C (at 07:00) Max. 10.45°C (at 15:00) VA
&I [Min. 36.36% (at 15:00) Max. 66.13% (at 7:00)| 71AAI=
sap Default 270°(Main wind direction in igzd
o March 2010~2019) ~ 0° 2010~2019'7
o tlo]E
2 2.79m/s

47, A A vikE x4 dos JUdHt <w 2>
o} Zo] 7)Vdee sttt FAIEe R
2010\3+E] 201999] LG+ vAHZ] S5
SF1, 30| 62.425g/mP= 7P =S A =

=1 71%}04 3ge & %‘@4 A v o= A=

o)
o
1o

BN
>

i}akfﬂ A5 17P°1 18*12 ?—ﬂlﬂ A B o2
743t ENVI-mete] 27] 7138H8&
TWVFESA M2(108) #1410 %{4 3¢ 2=
= 8ol A 2 A F #3250 1045T

olx A Lk 2517, 1 &%= 66.13%, A
450 36.36%= LERGTH e AmoA <1
2>9} Zro] ulAtu|(Wind rose)S 12 5= FF0| A
T4 gRlstch

a3 2 20104~20194 39| HIZED|

~/ WIND SPEED
(m/s)
Wl >-s00
Il 6.00-800
B 4.00-6.00
[ 2.00 - 4.00
[ o0.00-200

Zta: 71 7RSS EE 2010~2019' HlolE (https:/
data.kma.go.kr/data/grnd/selectAsosRItmList.do?pgmNo=36,
20239 64 13 A,

A9l 2| ER0IM S 2|0 TE DIMHA| S22 OAE 2,

QAo F94 Wslo] w2 mAA) B of
sl 9] 27] ke derslslg, 419
o 72 gt Haysk AERE A2

S2Q HH7) g 225 2451 *1

o riz

&

hil

>

JHJlJru
o
E@m

gl

T ARAR, BT BEAR B8 5 5 3T

& At W B4 279msE e oS

T 10me] fYEE gos At

1 7] eq B 208 HALEA Eﬁﬂi

HollA] AFEsks= 201095 E 201913712 39 Bt o

7] io‘jﬂ U9 T E HEO 2 <3 3>} Pol oit
A Mug/t, RF 22ug/nv, oA EA g/, |

,q]mx 63ug/m’, ZHMHA] 35pg/m'E A5k

87

H 3_Hid 7 1Y s =

Lk 7o 5= A=
NO, 40ug/m’
Ozone 22ug/mt A5 ;;“Z\]E
7
30 ug/nt ]24(1)1(]%2?)13@
PMo 63ug/m’ ol
PM,s 35ug/m’

ENVI-met®] 73-¢ w5 B4 =38 (Traffic toolbox)
oM LA HiE iﬁ—% gL 4 k. B2 TR
A7 EY, AN 5, BEYF 1IFS Yot 79
72l L] HiEge] 21502 ALFEThBuccolieri,
Gatto, Manisco and Ippolito et al. 2020; ENVI-met 2023).
<IT 4>0] A oA HllE A AR Z wESES A
S5 BEYR A2R(TOPIS)IA A3k 2}

= gkt 20094 S T40) 35 99 2

> 22,548, & WEES 21,0870 = 2 wEE
= ENVI-metol AR ARIPE Sl A HikE
SIIT 2 e Aol el B AeAl
g RS Fuste] a7e] AL sAekc

SBANEE A2A] 20199 129 A 5 diE

¢}

33 49



W EX] A=
L2 &R Inner-Urban Road -
] inflow 22,548 ASEHA] IEAH A AE(TOPIS)
ol7} =3 -
S A ven24n) outflow 21,087 20199 39 wEolg 54
A 4 8 -
LDV (Light Duty Vehicles/Transporter) 3.2 -
AEA | 129 A=A ps=
HDE (Heavy Duty Vehicles) 95 &4 2019 “517;2 FEAtes
TEeF )E00) MC (Motocycles) 12.6 °
AL
°° > Urban Bus (Public Transport) 3 Default
Coaches 1
PC (Passenger Cars) 70.7

7|HES 2 Light Duty Vehicles= 534} 3.2%, Heavy
Duty Vehiclest= 3H=}F 9.5%, Motocyclest= ©] &}
12.6%= A7ttt As2 55 il 57

2] 942 Urban Bus®} Coaches™= ENVI-met2] 7125k
= WO Passenger Cars 5-84k= M4 72 Xt

o] gh& ARSI, ool v A AH2 ENVI

met 24 SAfolEelA A

& e olgslgly

i

18~19A19] Ap41g mAHA] HiE=RS inflowe] -9
0.53Lug/(m*s)°]2 outflowo] 73~ 0.497ug/(ms) © =

Art= Aty

ufz]ako 2 ENVI-mete] ENVI-core= theto] Al
glo)dS Fastar AlEHe1A ATHE Leonardo2 H

olHE FESIrh & tlolHE nAHA] =

(ng/m)et 5(mis), 71=(C)ola, 24 992 =
Aol 7Fze] 24} 1.5me] B gejoln], BA A

A

Hebs Bat QJejel Bk gl

3. 28 #5

WA tieto] B B BEAE Tt o] F E
2 AT 5] B A9 BAEAS Asie] el
71 Ajo] 5 wralch, BAHA At ool 71 A

1) ENVI-met(https://envi-met.info/doku.php?id=examples:airpollution, 202311 69 13 7).

50 ZEXT H[1187(2023. 09)

o} EAE
B ANt

Hol e

P o7l Tiere] Halzy) AL
w2y Aol 99
5 ol 05E sidstuAt A

AFROR, TIE Z1e] o)} oft]A] Wbt

X

o_‘_‘ll
oM.
o
2
rE
:{{
i
rE
&
2

+
o

b3
e

ol
ol
rr

]_

38,
rr

e
sitt. 2497 Sj7lmgo] e
Bigo] ol AEsin, o
A8 B sinae] Aa



Ol ARe] FE 2 S22}
SHFEZ] grot 4 Alol| tieh 3R 71 7+
of tiel A F A 4= Qirt. ofn] =HAE SR
Ao 3R] otk Qi 2HA
E 3]7EA(Robust Regression)o]gh XAxjSHoR

}/ﬂo] _,_7\HsL /\] _|JJ

wAE s

FAsteA] ofe] WSk AN 0o
SAL Tle] B8 AT e ZEE she i)
o}, chEsl e i 74 5 A B e
sfo AlejEl Wge} SAGE Shelgict

Iv. AIS30IM 2 Zat sh

1. CHoHH X10] A

<¥ 5>9} <X 604 AFL uff et 19] Bt 0
MHA] ‘S 63.450g/m0] 1L Tt 92] Bt wlAH

A ‘FkE= 6346ug/molH, oln vl

5 63ug/m® o
H] tiet 12 0.714%, tHet 9% 0.730% A53ict A
o

Tgo] w2 o Bt vHHA Tt w2 Aew

UepRFoL), 4 BAEA éﬂ F SAo] 19302
ot ZF Zfo7} fle Aoz SRIE|QILE AEAEd

off thet 19] Bt B[R] A= 6341ug/meo]al o
QF 99] Wt mAHA] 5= 63.40ug/mo]H, ofuf
H7d s tiH] oiQt 12 0.651%, TRt 9= 0.635%
3k Age] F7FrS Bt
Halkgo] A WskslA] ot

H}S]
0%

=

19] 4t vAHA] 5= 63.37ug/mrolal
Bt nAHA] FE 63.33ug/mo]
I 63ug/m’ TiE] it 1.2 0.587%, it 9= 0.524%
FEt. 7ulgo] S7RERE Bt nAwA] St

™, o]

I 5_Ciofe] g BAREM(ANOVA) Zit
(91 ug/ni)
o
g | UL | ieb2 [ Gjeb3 | oieb4 | oiebs | uigke | ®iet7 | Hiets | dete | Fat
@Ag | @de | @de | @dg | @A | @9 | @F8 | @dg | @ae | 0
57%) 53%) 50%) 47%) 44%) 429%) 40%) 36%) 34%)
A 63.45 63.45 63.45 63.45 63.45 63.45 63.46 63.46 63.46 1.93
° (0.24) (0.24) (0.24) (0.24) (0.24) (0.24) (0.24) (0.25) (0.24) | (0.0515)
AEA 63.41 63.40 63.41 63.40 63.41 63.40 63.41 63.41 63.40 2.21*
=T (0.23) (0.22) (0.23) (0.23) (0.23) (0.23) (0.23) (0.23) (0.23) | (0.0236)
A 63.37 63.36 63.36 63.35 63.35 63.34 63.34 63.34 6333 | 27.33%%*
=T (0.90) (0.90) (0.90) (0.90) (0.90) (0.90) (0.90) (0.90) (0.90) | (0.000)
e 63.34 63.33 63.33 63.32 63.32 63.31 63.31 63.32 6330 | 3573
S| (016) (0.15) (0.15) (0.15) (0.15) (0.14) (0.14) (0.14) (014) | (0.000)
. 63.38 63.37 63.37 63.36 63.37 63.36 63.36 63.37 6335 | 10.28%%*
o (0.16) (0.16) (0.16) (0.16) (0.16) (0.16) (0.16) (0.16) (016) | (0.000)
F1) 3 2 mEWAE 5T
2) * p<0.05, ** p<0.01, *** p<c0.00L.
T 6_HiZ=T | CHOte| S st
(21 %)
FHE oigk 1 oigk 2 oSt 3 ot 4 ¢t 5 oiet 6 oigk 7 o<t 8 et 9
A 0.714 0.714 0714 0714 0714 0.714 0.730 0730 0.730
AEAE | 0651 0.635 0.651 0635 0.651 0.635 0.651 0.651 0635
%H%— 0.587 0571 0571 0.556 0.556 0.540 0540 0540 0524
a2 | 0540 0.524 0524 0508 0.508 0.492 0.492 0508 0476
5 0.603 0.587 0.587 0571 0.587 0571 0571 0.587 0.556

A9l 2| ER0IM HHE

It Q2|0 W2 DIMEX] S2of DAY 22 &3 51



B 7_AM=2014 BH 21t

75 e ANEAZ 245 HEEAE %
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(=& 53%)

oot 3
(A= 50%)

ek 4
(A& 47%)

et 5
(AHE 44%)

oiet 6
(A=kE& 42%)

oiet 7
(A& 40%)

ek 8
(A& 36%)

et 9
(S 34%)

—
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-
—
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—
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—
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B bow &3.10 pg/m3 63.50to 63.60 g3
Baenoapgm | 6260t &8.70 pgimd
N anwa0pgmd B &7 .80 pg/m
Peanoa0pgm [l 6380 to 6350 pgfmd

BOoa0pgim3 M Shoes3.90 pgfm3
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S7kotodet. oldje] U FAkEA At F SARO|
27.335 Higt 7t 2lol7t EAGIC. SEAEY wf o
<t 10] Bt WAHZ] “5Ee= 63.34pg/mo L TSt 99]
Bt nAHA] S 63.30ug/molH, olnf Bl ds=
63ug/m THE] et 12 0540%, Tt 9= 0.476% A%
gk Antee] F7HGE Bt nARA] Ft A4

SF3Ict. olmjo] Ul EAkRA At F FAe] 35.73
O tiek 7t 2le7t EARES SRSkt BEY o
oiet 10] g5t m|AHA] = 63.38ug/mel L, TRk
99| Bt nHHA] = 63.35ug/mo|H, olef v
=5 63ug/m’ tH] Thet 1-& 0.608%, THet 9= 0.556%
FEFt. AAwge] F7REE Wt nAwA] FEt
S7totgitt. o] Al FAREA A F FAg
10.28= ot 3+ o7k EASIAE.

< 7>} <3 8>oA AT, AEATL o Hiet

AE, SEAE, S8 o Anke

o] mNRA] FHo]
L EREAe AEAAEL

i

gleo] slelE]Alar Buzl] ALz
LE goto] Fole

PERE !

ko] o} st

1, 4k Tt 6 71
3,5, 62, ¢t 8 7l=

2
N
N
S
o
N

s
Fock
2t 710] Hol}

SN Ag
005 ofdo= of
orSo| Eajyth <T 9>ofA]
2% o vieh 2 71% oieth 13, Hiet 5 1%
THQF 13, Theh 7 71 dhet 4, 2,
tiet 1, 2, 37 tiet 9 V&

et

et 1, 2, 3, 4, 5, 6, 83} 2o} AYSIIh <3 10>

o] BEAETY o tiet 2 7=
oieh 137}, it 5 71
1, 49} it 7 71&

715 it 1, 2, 3, 49}, Hier 9 7|=
5, 6, 7, 87} Xjo7} WAsIAITt. <E 11> £FY

tjot 13} tiot 3 7%

it 1, 4k T}t 6 7| Tt
tict 1, 2, 3, 4, 5, 63}, st 8
tict 1, 2, 3, 4,

Zr uAaz] 2aro] skt Ve R] odottt wiH & off Tt 2 715 thet 137}, et 5 1= thet 137}, et
H 9 BM3Y M EHZL AZdy At
TE et 1 oigk 2 ok 3 et 4 gt 5 ot 6 et 7 et 8
= 0.0132*
et 3 0.0107 -0.0025
ot 4 0.0094 -0.0038 -0.0013
oot 5 0.0224%** 0.0092 0.0117 0.0131*
et 6 0.0213%** 0.0082 0.0107 -0.0011
oot 7 0.0358*** | 0.0226%** | 0.0251*** 0.0134* 0.0145%*
ot 8 0.0312*** | 0.0180*** | 0.0205*** 0.0088 0.0098 -0.0046
oot 9 0.0452*** | 0,0320%** | 0.0345*** | 0.0359%** | 0.0228*** | 0.0239%** 0.0094 0.0140*
Z % p<0.05, ** p<0.01, *** p<<0.001.
H 10 8=2M2Y i 202L AEAY At
T2 ot 1 et 2 Tt 3 oSt 4 et 5 et 6 et 7 o<t 8
= 0.0132%**
et 3 0.0112** -0.0021
ot 4 0.0089 -0.0043 -0.0022
oot 5 0.0205*** 0.0072 0.0093 0.0115**
et 6 0.0185%** 0.0053 0.0073 0.0096* -0.0020
et 7 0.0309%** | 0.0177%** | 0.0198*** | 0.0220%** | 0.0104** 0.0124%*
ot 8 0.0265%** | 0.0132%%* | 0.0153*** | 0.0175*** 0.0060 0.0080 -0.0044
et 9 0.0404%** | 0,0272%** | 0.0292*** | 0.0315*** | 0.0199*** | 0.0219%** 0.0095* 0.0139%**

Z£1 % p<0.05, ** p<0.01, *** p<0.001.
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B 11 822 i 2HZY AN A
TE ot 1 et 2 et 3 ot 4 et 5 et 6 it 7 oot 8
ot 2 0.0140%**
it 3 0.0087 -0.0052
oot 4 0.0057 -0.0083 -0.0030
ojet 5 0.0156%** 0.0016 0.0069 0.0099
oiet 6 0.0131%* -0.0009 0.0044 0.0074 -0.0025
ofet 7 0.0198%** 0.0058 0.0111* | 0.0141%* 0.0042 0.0067
ot 8 0.0144%** 0.0004 0.0056 0.0087 -0.0012 0.0013 -0.0054
ojet 9 0.0240%** 0.0100 0.0152%%* | 0,0182*%** 0.0083 0.0109* 0.0042 0.0096
* p<0.05, ** p<0.01, *** p<0.00L.
7|5 tHQE 137}, thet 7 71 diQt 1, 3, 42, thet 8 <X 12>9] e} SAHSC] A oA
7|5 et 137}, thet 9 71 th't 1, 3, 4, 63 folrt Aelgat 39 et 35, At 7l A
WL, 2 AtoflA] Hrald <3 5>¢F <3 6>9] AP} oFglo] HrelRlnt Sk 3452 7Rt ()9
S Zjolghe] 277t A Holo=ie 2|2y AT ATEEATY 2R, St 722 S(-)9] A
AAE B3 5AR 1A A, 2ot foljt A=z AE 71, &5 722 K+ okt AARAt
slel=]w Rui, Buccolieri, Gao and Gatto et al.(2019) & ZA5H3dT.
?9} 2|9, A, e+, Joket 9(2022) A 5
B} et F zto] gre] =7] vial A] AR o] 2. 2 £ Zat U oM
Aolslr| mEo=z gLt
<X 13>} Fo| vAAzR] Feet AmkE, F3F 7
B 12 =384 2 SHHa 70 ARe 2ot 2, 359 oA 2 Y oeRlAEY
T A& % 5 712 19] 2449 AAAIE= 0.96130]1, /‘]'o% =HEs
Ade | 1.0000 g o
Z3F 0.0000 1.0000 <} BARS B fefslint. 7 ']"1]’54 S} A=
Za [ -0.048%* | 05617 | 1.0000 -0.12130|71, Z3F0] B3} AlSL -1.9669, 7|20
1€ | 02607 | -0.308%* | 0.336** | 1.0000

0.3583, ¥%<] E{ﬁ?} A

F1 % p<0.05, ** p<0.01, *** p<0.00L.
H 13 53z 21t
o 53 ARE 1 53 ARY 2 ZHAE 3ARY
B B [SE ][ B [p>1t] vIF| B [SsE | 8 [p>lti[ iF | B [SE | 8 [P=t]] VIF
Z¥g  |-0.0834[0.0336-0.1213/0.0170| 2.71 [0.1390|0.0399]0.2022]0.0010| 1.28 [0.1390(0.03840.2022[0.0010| 1.28
3% |-0.2378[0.0130]-19669]0.0000 | 13.24 [-0.1267|0.0080|-1.0475/0.0000 | 1.65 |-0.1267]0.0062 |-1.0475/0.0000| 1.65
7€ ]01937]0.0405[0.3583]0.0000| 6.4 |-0.1149]0.0386|-0.2125/0.0050] 193 |-0.1149]0.0337|-0.2125[0.0050| 1.93
F%  |-01109]0.0122]-13485(0.0000 | 24.92
A5 |eroar]0.3477 0.0000 644831]0.3600 [0.0000] 644831 0.3162 [ 0.0000]
Observations 45 45 45
Prob > F 0.0000 0.0000 0.0000
R-squared 0.9648 0.8919 0.8919
Adj R-squared 0.9613 0.8840
Root MSE 0.0091 0.0158 0.0158
9 2| HRoIM HmSDt |0 M2 DMK s=9| DAY 22 £ bb
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-1.0475, 71:29] #E8} Al 0.2125% Rt om,
AR 1k 2 ] e &(-)elA
ez, 71 ¥ Hos d+)old o) o=
Hstelnt. St SANMS BF EAbAR
25 HA] ot A= 2] FAdAde] jlttal TSt
t}. 124 Breusch-Pagan / Cook-Weisberg 7ol 4
ohtihg =l Ay}, ool 001755 S24te
2= AR7HEE A=E 0.05 ostollA] 7126t @
AFeto] ol AU ERIsIGIH: olF EHAE 3
= AASHAAL, Bge] 2 A= 08919011
nfj7fH4=0] B0} Al VIF gk 2ot 35wt
7} 23582 0.0399¢114 0.03842 “FEFS 0.0080°114]
0.0062= 7] 0.0386°114] 0.0337=2 B =3t
EHAE S7EA S AASIEE o Hsfkeo] ST
SPH oA T 7RI ofufje] EEs) Al
= 0.20220]c}. of= Aol F7IrE nAHAIE
Hx3t tf7] @ dE=4 B2t SVt Gong, Hu,
Liu and Bu et al.(2016), Shi, Xie, Fung and Ng(2018),
Zhou, Xiang, Zhang and Wang et al.(2021)2] A13§eI
£ WEH. o] A¥e Auleo] S7HE AHoflA
ZAEo] ARehs 3710l Bolu 27] o] Eol=x=
LR ERE Auflgo] Hagkrs i) &2t
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JoleE Sl ZholEeiRle AR U<, B,
22k o] 2](2019) A<} Voordeckers, Lauriks,
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and Bi 2019; Miao, Chen and Yu 2022). o]:= & &1+
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V2 ek
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