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Abstract

Particulate matter negatively affects personal health and daily living; hence, it has become a popular topic in academia.
Transportation-related variables have thus far not been extensively explored, even though various factors associated
with particulate matter have been investigated. In particular, the amount of particulate matter emitted from vehicles
depends on the speed of travel, which can be adversely affected by traffic congestion. Hence, we aim to examine the
causal relationships between concentrations of particulate as well as ultrafine particulate matter and traffic congestion.
To investigate the effects of traffic congestion on concentration of particulate matter, we used big data regarding various
urban parameters, such as travel speed, air pollution, and climatological data, by employing fixed-effects panel data
analysis models. We use the real-time congestion index (RCI) to calculate traffic congestion, in addition to precipitation,
wind speed, wind direction, and temperature as the control variables. The main findings from the panel models are as
follows: First, traffic congestion is directly related to the concentrations of particulate and ultrafine particulate matter. In
particular, an increase in one unit of RCI increases the concentration of the particulate matter by 3.3 pg/m? and ultrafine
particulate matter by 1.7 ug/m?, after accounting for other factors. Second, the impact of traffic congestion is greater
when the concentration of particulate matter is less than 30 ug/mm (also called the “good condition” of PM,,) and that of
ultrafine particulate matter is above 35 ug/mm. (called the “bad condition” of PM, ). Third, the effects of traffic congestion
on particulate matter are greater during non-rush hours than during rush hours. This is probably because of the greater
number of vehicles on the roads during non-rush hours, such as older/obsolete vehicles, trucks, and diesel-powered
vehicles, which are likely to emit more pollutants. Our results suggest that alleviating traffic congestion in addition to
existing air pollution policies could improve air quality, even though such effects may not be substantial.
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nl AR of Tt 713 o] & 7hed) 20199 39 HEE
ol AHR] AR 7 5Y 4o Uy - APEE 5 Sy o
7188 Yold 7|ujE Rolx| ¢fx glet, AR wAHA] s
A5 S8l 7] B 71 RA RS gk, B o4t
(GF3% 90)9] 94%F T8 2FUY L2 -H| LR o] 52 AY
2jof] £U3EL ek, AR AR DA 22 o] 25t A&
8 AL RA] ARHAAE 3] A 284 20T §
L AL WiE AR AT A dFE TR} ol At
ol o]F 4 At FUMS A wdk= 5 o7 A AjAle] herRt
=& 7]&olat 9},

&A1) At vAER| (PM,) F5E= 200349 S9ug/m ol A]
2012 41pg/m’E 109 F<F 31% AAE 2L, o] mA ||
o) ZAaAZE E8kEEY 2016 AFF mHEA] HETt
48ug/m’% ThA] A58l o, st wA| |z WA Yo} n)
A7) Z R 9 A 5 w3 237} otstEdA A& oj7)13
A A o), E3E AZAINE iAo R Al 7] A
gk Q14 2ARE A3t di7]Zo] ‘AzksicF il St Hlgol
20114 68.3%1A4] 20154 75.8%2 3£0FA v|A|HA] o] A&
Aol o)) A7) == AAolchZF Y - 0] A<, 2019).

] Al 2 g BEjvte R sfAR7] oz 54
o] Qlct, 7]&2] nMHA] hBL n|HHA] viEF ZHE Fol
£ A FEsjgton, sHloM e U R g,
71 AEA IAYFE FUsHA =48 2 dY Helo W2 A
el di7138& FAR: A7) FF7E ol 124
AR P A A NI S35 FF T
Aol ket n|AHA] Fierh delae, Y- 529k 2L A
715kA)Ad 9] ot Zof ujel m|MHA] ieo] 2|94 2fo)7} WAy
3h= § nAlHA] et A1 W 32k B4 2 TAE sk
A7t AeE] Sl QITHAFA - ol FE, 2018), ol¢t 22 AFF
Al AR EAef digt Alute7h n|AjQl el A ) EA)
EA47 o] ol & on|gict,

nAHR] S 37 Y FEiRY B AFAY
o] stgjubdayt Ak AzA A v faEdo] 7MY
Aukjol | Ftof= QHH7IA] AU Fujof TS F=
YA 7] e GEAE F0lo R FRIck w3, A5k vz
7k GA] 7] 2 FE F8ks 8 U2 F SRR QAAJETHo]
T4, 2008). AZAIE RS AlA o8] EARE AFEA} 7] 7k
o} 22 =20l o AY &S HeEp] f3) diFuF o8
Aok A4S Hdth 53], A&AlE nAHA] Aztza) w
g Al Maol AEk A g TR § LEraE BEjFe
22X vAHR] FE g NAsHE =S 7180 g}, AT, 2}
FA}F o9 7t AHoR AnigkEe] nAHR] Fe Azt
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AR o|ojA]=A], B2 ApFAf o] g-o] F7Fte] whe} wFA)
% {(Traffic Congestion)©] HAISHHA A1A| 7] 2o ougt o
& VAEAIE YT AR vk v ER

gt ow olAHEANO,)E WhELFUTe] A7t Ho
AFE G243 gashe 548 Ad ¥, nAER(eMm,)9F =
uAAR] (PM, Ji= MiEE A o] ;Fe HET 7] fEd
age] W U= EAA A EAGS FHOR
‘i PH(Street Canyons) & FA8= 5 WiEAHA e o
2 9315 & 4= Uch(Weber et al., 2006, Zwack et al., 2011).
wpeba] A&AleL Zro] iR JPRE dhieAlof|l A= mAIHA] &
w7t AER AR TE G B el gk, E3E AlEA
A wFAFo) WIHskaL, A3t A= AEALe] FF
I} WEAF WA o] Ao - AITPE R o2 A Yeh ] iz o)
MR sert k2 A B2 eatel] gick, weba wEAEEt
A R] Fie Alo] o] UAIE SR A TRt nlA|A] F
= RS oldfslal, FAAQ] th-3YES RSk ] P
Zolz} g 4= glrt,

olof] i A= AEAIE deR 8 t)7] LEEFE Q14
HE 2 AR Y A HA] e 7 WAE skt
gttt ol & ffall, =AlEZElo|E & B8] thefdt Al B A
&5 FUA R 2123 el A HAAIZE FAF Meprt vlA|
HA| 9l 20Nz SRSt s Y-S EAskaat
o}, 53|, e} Agle njA|HA] - 2uqHA] HAPA 7] 9 F
A} B AR 5 AR 2918 AUsh] Tsl] BE
Ao WAE FUsHA Akt gk, ek os wAd
A Feet WEAFT-E B 97|17t EReHA Ao vt
8h= 54 Bl webA] o] 5o WAE Kot AUt 3
317] f13liAlE AR ARkE A A3 AlofE 5= Y Al
ARl a2 o] Yasir), & At fd Ry FollAlE Al
SUANE FAE = e AR A S B, wFAF
o] mAIAA] = F4kol ofuEdt FFE FEAIE AFECE 4
P L = AR = R R o e e s P R e |
e AR o) IR AAEE AlEE AR 7=, oA
AXRARA 59L& 93 712228 B8 AR oA,

1. OMIZXIeL REXHS MU HE
1. 7| mEXS| 2

EAR oA wEF F7Rs t718E ARl 8 9
A F shuoln, wEFT vAHA] Fi= Alolojle WA A
7} H(Chin, 1996). UEH SR alFFo] F718HA t7| LB E
2 wjEgol F7FskaL Al d7detslel A3 A el g vl
7] whizef] olv] e E o] o2 vk 7] AE ZiAlst
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7] 1%t 71834 dgteow wFAElE AAskL JIvHA
&5 9], 1999).

WFT v EZR] e Alo]o] WA= ARlSH W =AI3tet U
3 wdo] ek, Abdst IHgollA ApY FAmA W & A A
T7F ARjlo] IARASHE eAl® [REAL Ao A )
Bl w2t A7hg Ego] HushE A wEud lzate]
TR0t B RE7L FAlO] F7RRIE o] IAA A -8
dois iEF 7k & AEAFTEAIR o)A, thge] of
7| FEH ofgt B W HARAE FEtc), dol wE s
AAE Eol= Ao] & vAIA] HAFS Fof B7)1ES AT
= qTaL Q1A E= Alo] dukAlolt}, A|E 5o, Y= AL
Z FYEE 2F 85 At =y o® sk Al
CCS(London Congestion Charging Scheme, SR EAE)
& el =2t AR =AU SR 15% A ofef ut
2}, F¥&eE Hd 20%71 SEEH A, ALABEENO)T v
AHA(PM,,) BlETFO] 15.9% #4AF Zog BuEd
(Beevers and Carslaw, 2005), ©] Hrolli=, W73 7]&4 o
2 HAsAY viEE vMUAE YRR Y S AT
& Y AAE st A7) A& A Yokl lot,

2t 5ol WFF ololie nAA] T2 7| L @EE v
Fo| LRY g B4, 4] SAG5H T TRt A& 9
FZ Wethe A7 £ A8 YcHEtyemezian, 2003;
Keuken et al., 2010; Papson et al., 2012; Gastaldi et al.,
2014). 53] RFI T WA A7 AFEHHA] njAAA]
2ito] thefsls]o] 7hat Qlrt, dWhA o= apgo] aapzef &
HErE LA A osf aF3Fo] AAHAY FEE 74
o] otlt}, WF3Fo| FTE A2 olFo] fl= Aellolr=
ARE alsfolsty] wlzof o 2] AMg B&/go] "oldet, &
gk ofyel, FUR A HofA o @ 7| e FEAS wiEsHA =
o, 53], 27| Fo| FAIE AejollAl olFo] & HAsh=
o]} T2 o| WAYsIHA], AT} vA|UA] vjEFol
&% Papson et al., 2012), AAIRE AFEF0] FTHEA
= Y98 2AE (Roundabout)’7} AAE 79 Axk 2o H)
3l FAIZEO] 20% FEE| AL, AAAISHE wiEFE 5%, vAH
A] wh & 2% A7HE 20 F JeRdtHGastaldi et al., 2014),

WFEFo| AURL oA Y] 7| L FEE ufjETo] AL
2 A& olf= s AR AaEAo] A7 wizelt, viA|
HAlE B AT AR A4(40km/h)F3 3t §3)HA]
Fo| &= = ¥, AR 100km/h o142 11458 Al
o] ulj &&= E4o] glq(Etyemezian, 2003, Keuken et al,,
2010). HlEdH=o)A= 20054 B71E S BHor REE
g-gag2d w43 dA% 14520 80km/he] TS
A ol wpet nlA AR 5~20%, AAABHE-E- 20~30% 7
Z8h= 4} 9l Ao & HiEQitkKeuken et al., 2010).

2, OIMIHX|2L 7| &04zi2f ZHA|

n AR o2 YRME 26 Hls) AAz o)Fe] Hol &

£ EA0] o], A NgorHE ] g won -8
yete] 749 Faolu SaollA st 944 LAY 9%
Wt B3 n|ARA] see A 9 7VHAE e WA 84
7F qict, ol=idt gaFe] Al Al Sujol A EEel U
Sk AR, 3k FERS AlQlste ek B3 AL
of WAIsh= dlsie nAER] @442 di7)71 R EEE 7)o
719] FaFoletal £ 4= ItHH =Y £, 2018).

AR o] WA= A UL 7120] F7Fk= o]
A= AR 719 giRdEe] BUsy] dio|w, 7]
20] Zadl= AGHE 7 WEoR 3 di7| L H@E vl
0] 2% 5)7] g&o]cHUnal et al., 2011), %3, 7--(Rainfall)
WA A 7] F n AR E Z3e L QB Fvt HolAl=
FAFo] WEE=), A7) 21(2007)% 80% ©14Fe] 5EoflA] 1]
MR 57t WolAl = 4 "Ml H3HWash-out Effect)” o
wolgtar siglen, v 71/ o] Bishicte 739 WAo] 7}
Z 3A AR g EEe A9 AR T4
e 79l t7| 2852 84 fjzolFo] F4sHA o
olu} di7) & o] ZjAlE 7| go] Axt,

E7]E AR R 719 9 53 n|AIRA] Fieo] BAE et
Aol A= 1,018hPa o432 37191 o oj 7] 7k QHskE L, &
Zo] Yol uf n|AR] 9] w7} olAlE B4 HASh= A
©7 BAErHUnal et al,, 2011), 22U} F20] njq|HA] &
EE dEEA e AL ohgke oAk UtKGin et al,,
2008). S&0°] S7I5H, Fal Aol BA] F2l di71 L FEH]
QL o] FHE 4= AT, v QA ot HAR| ol A ik
gt 7|2 FEH] frglo] dojut L8] njAHA] W Zn|A]
WA &=7F UA F7FE 4= AeHGiri et al., 2008).

FUE R 3 AtolM= AgAe A7t nAHZA] s
Bislol] 7, 71, $40] BAACR foldt oA B(-)
o] JFY S F= AR EAEUGENEA, 2017). &, 7140
719] "isk= S n|AUA] e E 9IS 7] aflolekal & 4=
ek, o]9} 22 At AT Zu|A|HR] sl AARIAE =FE
e AtollAE SARBH debted, &=, 35, %
&, 71&0] BAH R Fon|dt A 2uUA] FeE H
BHA7]= A o2 Yehdth(e]Ed 9, 2017).

3, Mayiolel xpA
NYATE ARG A, oS REAZTY PAS 7
W AT B4 ARIAGE dWeR she B9t wekon,

171283t wFRQ Afo|o] WAE HEshs A AL AR
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A Sk, E3 A 2o A d712AS vAER| Y] F
EE AR grisHA] @il LHYo RN WiEEHe 2H4EEY
FTEE MiEArR AEE) 240 2831t 530l U 2
T WA B7HE & e 71ES A1 9E A uiad et
FEAE e, WiEF AR AEshs el dskal A
Hoj| G vlA= A7 A 2 B0l AT, ASghol
ohd FAgto]7] wlZefl AA 7] Hxt 227} 9l& 7RsAdol o
ot BH, FEARE 0] & eE9EHY BlES AR e R
W& AR 2 2pol7t A=, AR Hilshs FEARE
Z7Ho|1 A% A o7 Brlsly)ef o H@seta 4 Qlet?
Ae|siAk, g8yt vz ke FAf digt A= vlAl
A SAYFE L SRS AR s,

ERE, oM AERRe], nEATE wEF deEE
A &Pl ¥ S T 8o, vAHA ol g
& T 8% F sholth. wetA wEAFE] FEE wefst
L, ol wFAFe] nMHHA] Fi= St ojHdt FFS F
AE BHshs gt i Basi dRtdo R, wEAS
ulAERlE B4 B, 54 Ao te} 34 dEds 3
& Zeth uEhA o] 0] BAIE mefsly| flsiAE Fad, Al
Zrdd A3HE 564 (Dynamics) &2 $EF G a 7} Qi) #gk
ohiz}, aFR AT} vjAHR|ete] WA HEEH] HsiA= vl
MA] ieol] FaE = 71, A5, T4, 718 5 ot
713730 FFAS FHA R arsiojoltt wEAFOR 2
Bt uAHz] st Hske] YEeE WasHA 2Es d 4 A
uekA wEAZI v BAE Al oiME Al
He AR Wdrgo] Wasts, T /pYEL e vAd
A, WEEke, 7143 HHolg 5 B8k v vAlAd #&
oflxfe] A7k E 4= ik, ofef] & A ol e HES L
& wFAFo] vlHEA] n|Xs FFHE AT FF)
1A} ji},

i, Sxizs A EAUE
1. g9Kl=

WEAZI vHAA R Zo|AER] SRS} Aloj] Q1A
& AFTH LR LA fiA & A AXEEA BEHR
AEff|A] Al FBR= 120179 A& A&, & 288 =
A1 AFATATE AESIH L, EElA A8t
= 20179 712455, E B8 A& vAEA 2 =
AR S HolgE, 71 S7PIFEolgAlE A Al
sk 20179 7V3ARRLE B8 AEAl 71 5 85
F HlolE 5 248 S 53ttt

124 "2EAE, X563 MN1E (2021)

1) MEA| XX RSHISKI

THEA] AFETHPEE 1= LA &4 4857 =28 53 &
%A B (Transit Speed Data)E 365Y 24A17HEIAIZY) 4=3I3te
Y Ba-dhEEsEls BARRCY £EARE RO FRER
FAPHE gElgted SAAEERE Y44 FE A7), DA
2| 48847 & & 1,153t AAE 883l SRR E 48
i, EAIEER 0]9] R MEA] 49 A oF 79t tje 2}
FANYRE g3 SE IR SEARE £, w2
A(Link)®] viAIZF HE=ARE APARICH wetA] 2479 ool 1
gistiL, m|AlA Algzt @) HAjo] shsEint, H QoA
201749 3t 3 Bt A=Al &4 10,5057 FAoqA AJAHE
91,822,080710f £ K E 240 &85t

WEAFTE A8l S teFsIAITE & AtelaE A
A AR BEAFAGE AHESE) Y8 okt 2 7kt
BE A, SAA SR, TASA] AAF &L Holgds &
LA RG] ohet GISAL RS} A¥E 4= Qe B8 YA IDE
AlEstaL Q7] whiel|, 7R 2pR el ‘B EYAY 2w} A
dto] AR E Bgehe S ARG E3L TAZA| AFEE
P& = AR PAEHA 4 =2 YI3F T FA8=
e AZ7) o] BEHAL 111 vhHo] HEE BAA
o}, npRjeto R Y3 ARG W A% v} ol &=
AR AAE 2T 4 g BAVE o] o) B AEAFASTE &
F3bohe S ARl

WEAFE Aol teFsiAlt, dRtHoRE WA o
2] folof o) Aol EF0] AMFEE(Free Flow)ol n]A]A] &
ah= A A A4S uiRhHE7IZE 9], 2009). EATE S
A7) It ot AsAA F 2 Aol A 27l 22004)
o] A-telA] AME ZFEAAQ LEAFTA S (Real-time free-
way Congestion Index, RC)E #-§3}5t, o] WA FTA|F=
AFFo] Wt AR} glofie FFEETE o83 R AF
el g 718 4 Qlon, n&wRol WAR 5 ot =2 3
gof] 5 28 7Hse By ohyz, Ao 4HY - 1A - F4]o]
Lozt o] qirt. webA & Aol A= RCIE LEAIF A4
2 gt e, FAFRl AT AI: 4AbEH ofef o] 4]
()=} 2,

WFAFAFRC)E E2(F2)Q] A FJAIZ div] Ak
=0] 80% £ wf FHARAZHO|SH FHARAIZD HIE-S 9
njsie, =20 REAZAHE Bushs EA4R ¥8E 5 9
t}, dlE 501, AFEE RCI gkl 19 73$- 3F =22 AA| 53
A|7ko] Agt4ieo] 80% 452 i TS wje] Aa Azt
I} FAstt, RCI gho) 180} 2hod | S A R AA) §
A7) et wFo] AUt AH|E BT 4 9low, RCI &
o] 1%t} AW, P4 a7t AA| FHPAzte] 28 A7 i
A Zo] vyt 2l o g wekst 4= Qlek,



MEA| REXIS0| 0|MHX| S=0i| 0|xl= S

& Ae] FREA D9 AR A] 2570 ARAoH, AIRRLA
9= miAZHbour)olt}, ERER AR} ARSI Aolst
7] whEol St Abe e WA HE A5 A AR A
A5gehol o] WAT 4= ik, wba] ZRx|E wEAIF A
T A Q)2 o] =z o] RS a12sto] A&t

rx‘-

LTT,
rel, =———— (1)
3600x D,
Cs,

reip: 917 PA0] WEAFSA| S

LTT;: i91A) 9310 T2 QA7

D;: 917 g=12] A%Hm)

CS;: 1A 2] AlgHE o]l 80%4

RCI, =+ @)

RCI: iR Rp)2] SLg RS A| 4

reip (914 P9 LFAIFTAIS

D;: %A §22] A%Hm)

HFAHORE 20179 AEA] AR AFAFTAFE A
(365% viAIZHE ARESE AT - 219,000709] wlolE #3A]
(365% x24A17Ex 2570 A1) 7} 55 Ak,

2) MZA| OIM2HX] & Z0IMHX| S=

712 @584 R, = =T DIA Algshe t71ed
B AAZE sE SPARE A7 1442 A 45171 FA 20
A o|41318HS0,), YARBHEEA(CO), 2E(0,), ol4EIANO,)
U (PM,,) R ZEAHRI(PM, ) SEAREE S8 =7t
712 @AM AR 02 AEste] ofojs2|oHAir Korea)
AP|ES F3) viAIZE D912 AlEbct, AXEWA] &4 R4
= & NARE ARG 1740 A7 S A0 8 7k
ERof 27| ZPL 147045 Gk gt

& AollA= 20179 9] A7E AREG65Y A wiAEA] B
ZUNAA] s HloJeE 7| L SRR, & Tl =3I
7] 2 B3R, = o AR E 220 A AEsh=d), o] 2}
ZolA o A= -9ghor gl n R 3 ghES Al efslich

54 A9 vAEA] W 2n|HHA] FeE 4SS As)Al
© B2 (Interpolation) 22 WA Y9 s FH=
HEE A Ao] Ynko|z|el, & Ae] EAT9)= AAF
o|7] wiigell ZF Apa|rel ARt 7] SA4et mRHY S

Ao 2AE dlolg Btghe Ao 883t wEkA 2570
AR 2] AZFE Ft nAER] 9 20 HA] Sk do|eE
FEstgon, A& Al9jehd 20179 nlAHR] SEARE
216,888, ZFAHA] FeAtiws 212,81540] =90}
9 vAEA] 9 207 skl s 37 AT
AR ep AZHA EAE91R1 viAZHhour) S 7150 R LEAH|F
Z|4= glo]efe} mi 3 (Matching) Al ZiTt,

3) M2A| 714EE

VSRR e 71 71VRENEE A AlEsh 2HE7
AFkE2) (Automatic Weather System, AWS)Q} ZH7|ARY
Z7](Automated Synoptic Observing System, ASOS)®]| <]
3 71 7§45 T T FRE AT 144 34 -
ato] Warshc}, A=A o® 5107 B54E 7HEshaL jlom, A
Aol 287 WEAt AR, 2 At A= 201799 A7
AFEGE65Y AT 712 34 E45 dlol| g IR R A
725 g8l 3o, AZA] nAHA] @ 2u|AHR] Fe
O} FUBHA AR 24 AWS W ASOS 320l A ZAE o]
B Fatghs Aol 2833t

HFH o R WFAFAE, AR W 2u|HHA] Fi=e} v}
W7HA 2 A 2570 AR ] Bt 71235 345 5%
olHE FEItE e, A& AYsta, 201749 V& 7l
218,3497, ZFeF 209,687, 4 218,1867, FF 218,116712]
dlolg 7 F5E A, 58 242he] AmES A R Ak
7108 o] HlofE Alow viA AR,

2. 2MEY

AT BA L wFAFo| nAEA| Y v L TT‘%‘
k= d] Qlct. o] $Jal, # A ARl 20179 14d7He] A
£ 9 n|EA] vhlo|EE Az 2R 38ke] AAY Z}i’
o} Yodwzta o] A% Fefel WS 531k Hdny
2 71eA o7 US| o] Yejol) EF 717+ FAFH= 44
o] BAgHR ks 540] gom, AvHAl A
A EYHIEe R HE|X] o2 A9, )oll A5 A ket
AZEA RS R B&AQ B 7187] 30| 7hsdict
(9F5-E <], 2017). PIAIHA= Azl whet 2] a1 2] o] et 2}
ol& Ho|7] tf2ef|, & Aol A= Az} FHETE FAIRE L
AAT S AR LA A Q1 A 2L ol o) Azt i},

F, =a+ﬁcn+7Xu N, +o,+€,

SI7\A Pz iA19- A1) ulAlmA) 9 Z0| M) S, G,
79 (A1) ERFAS, X, iK1 A8 7P, g
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A8, wsis AP ATY, €= AR Qujdict, o
Al s, & Ao 54U vAUA] 9 2uHER] F
olnf, WM AFAIFTAol, FAHF (1R E 7]
&5 T4 THHEE AN Ao 28E e
T AR B3It F USR] L, AIE R YRS o
7] wfel] 4 A Hfixed-effects) LE-S &3] 2, A7t
M RSk QlE FAISIG E3Y Z2te] M5 EARIGY
RAEEA ol we} 8o webie Al g sfge] Yehr] o
ol 8o dfgt Aapie MY A LY o8 FAEY,

ERE 7 R G i7] A Aot AT ER vhE 7}
570l 7] wizoll, mAIHA] W 2n|AHR] 9 o RaAy Tt 5t
AZEE 7108 sk AR ES AAste] B4 3718t
k. A& 50, w2l vAHA] 9 2u|HHA] 23 474
B Ryl “FZ(MAUA: 35ug/m’ o8k, Zn|AHA]:
15ug/m’* ©]3hY wfe}t ‘U (P|AIHA]: 80pg/m® 23}, 2|4
A 35pg/m’ 2IHY 2 LA, FIARE RPL FEA
ZHrush hour, 24 7~9A] W 2.3 5~7A]) 7} H]EL A|ZHnon-
rush hour, AR A|LJRE AI7H o8 2EE HEste] 57}
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Category Variable name Unit Data size Observations

. PM, 216,888

Dependant variable pg/m? 341,640
PM, 5 212,815
Independent variable RCI index 91,822,080 219,000
Temperature m/sec 218,349
) Precipitation c 209,687

Control variables - 245208
Wind speed mm/hour 218,186
Wind direction vector Wind direction * Wind speed 218116
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Table 2. Summary of descriptive statistics

Variable Mean S.D Min Max
PM10 46.41 28.81 1.0 4230
PM2.5 24.60 17.15 1.0 175.0
RCI 1.72 0.37 0 4.86
Temperature 13.05 11.03 -17.5 36.4
Precipitation 013 1.29 0 56.5
Wind speed 1.70 1.10 0 11.0
Wind vector_N.E 0.11 0.46 0 86
Wind vector_E 0.17 0.56 0 8.0
Wind vector_S.E 0.12 0.49 0 6.6
Wind vector_S 0.12 0.45 0 6.8
Wind vector_S.W 0.24 0.73 0 11.0
Wind vector_W 0.28 0.79 0 82
Wind vector_N.W 041 098 0 9.7
Wind vector_N 0.23 0.72 0 93
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Figure 1. Time trends of the variables
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Figure 4. Time trends of PM,,, PM, 5, temperature and RCI by region and day of week
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Figure 5. Spatial distribution of PM,, and RCI in Seoul, May 6, 2017 (8am to 10pm)
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Table 3. Empirical results of PM,, panel model

Variables Model 1-1 Model 1-2 Model 1-3 Model 1-4
RCI 273 5.03*** 3.16%* 3.307
Temperature - -0.39%** -0.43%* -0.43%**
Precipitation - -1.49%+* -1.39%%* -1.39%**
Wind Speed - -0.07%* -2.15%%* A W
N~NE - - -2.647%* -2.64%*
NE~E - - 376 -3.80™**
E~SE - - .27k 2207
Wind vector SE~S - - 0.99%** 0.92%+*
(WD*WS) S~SW - - 5.1k 5,05+
SW~W - - 5.79%* 5.87%**
W~NW - - 2.16%* 2.27%K*
NW~N - - (Base) (Base)
Constant 47.70%* 43720 47.62%* 48.06™**
Fixed effect Region Yes Yes Yes Yes
Day of the week No No No Yes
R? (within) 0.001 0.029 0.074 0.078
Hausman test - - - 52.20%**
n 216,888 207,006 206941 206,941
P>F 0.000 0.000 0.000 0.000

Note: * p<0.05,* p<0.01,** p<0.001

Table 4. Empirical results of PM, ; panel model

Variables Model 2-1 Model 2-2 Model 2-3 Model 2-4
RCI -0.95%+* 2.09%* 1.47%% 1.69%**
Temperature - -0.30%+* -0.32%** -0.33%**
Precipitation - -0.56%** -0.53*** -0.55%**
Wind speed - -2.18%%* -3.57%* -3.59%*
N~NE - - -0.90%* -0.92%
NE~E - - -1.037* -1.08%**
E~SE - - -0.09 -0.12
Wind vector SE~S ) i} 1477 1427
(WD*WS) S~SW - - 3.20%% 3150
SW~W - - 2.79%* 2.79%+*
W~NW - - 1.30%* 1.32%%*
NW~N - - (Base) (Base)
Constant 26.247* 28.60%* 30.49%* 30.60***
) Region Yes Yes Yes Yes
Fixed effect
Day of the week No No No Yes
R? (within) 0.0004 0.052 0.078 0.083
Hausman test - - - 39.08**
n 212815 203,109 203,045 203,045
P>F 0.000 0.000 0.000 10.000

Note: * p<0.05,* p<0.01,**p<0.001
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Table 5. Empirical results of PM,, & PM, s panel model by groups of concentration levels

T Model 3-1 Model 3-2 Model 3-3 Model 3-4
(PM,,>80pg/m’)  (PM,(=30pg/m’)  (PM,s>35ug/m)  (PM,5<15ug/m’)
RCI 2.46%* 4.50%* 4.83%+* 1.25%*
Temperature 1.44%* 0.7 -0.39%** -0.07***
Precipitation -17.62%* -0.35%* -0.60%** -0.10%*
Wind speed 9.82%** -0.44%* 2.51%* -0.45%+*
N~NE -3.69™** -1.57%%* 0.54 -Q.77F*
NE~E 7720 -2.36%* 1.50%** -1.13%*
E~SE -9.09%* -1.76%* 1.18%* -0.90%**
Windvector  SE~S 7.88%% -0.95+ 0.95% -0.16
(WD*WS) S~SW 591 0.41% 1.920%% 0.59%
SW~W -6.05%* 0.93%** 2.09%** 0.59%*
W~NW -6.38%* 0.95%* 1.74%%* 0.20%*
NW~N (Base) (Base) (Base) (Base)
Constant 86.04%* 19.95%* 47.15%* 10.97%*
) Region Yes Yes Yes Yes
Fixed effect
Day of the week Yes Yes Yes Yes
R? (within) 0174 0.118 0.056 0.100
n 13,667 51,625 37,632 52,958
P>F 0.000 0.000 0.000 0.000

Note: * p<0.05, * p<0.01,** p<0.001
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AiAE, S2AR el @Al AFAFTATE e Al
oA vlAR| e} 2] ol A(+)Q] S vA= AL
2 3 sk AN, gk o R uEAIFe] v A
g Ao AP FARMEY wlEZAR Y 2 ATl
nAAle] A= gEFEol | 2 AoE Yehdth Ak

AR, A RERFAS] g T ST v
A FEE 2.6ug/m’ ZU|AUA| FE=E 0.9ug/m’ 22 F7HA
e Ao® Jepdal, R ulEARI el EAEA| 4]
3 9] F7hs nAHA] FEE 7.6ug/m’, ZAUA] FEE
2.2ug/m’ 7M7) A2 A=A

o] opnhie FEAM Rk Bl FA ol nj A A] 7} of
7] ol BAE ] = 4ol Haby] hhizor wE), e,
SLAIZ e vl Aol mAHA] 9 ZojAHR] 9] &
of| fgt wEAIFAFY] FEEo] 2 AL ALY FHE
Zo| th27] thizdd e YUk, 7HY agwo] dAle e &
Al FEAI O =20 AT s v AT, o] Al
7)0f] Y Eh= A R FELS B 3= 7 olF
Y 7Fs/do] =& wh, HIFIA ol REAFTS B
Akl vja] A og | 4= glojie o]u L3 E|= Ajek F
die Egn} 22 QARFS ZHO R Sl olgde] £3E
7Fs/do] 2L, nAHA] 9 2u|AEAE o gol wiEdhs =
TR o] FLA7Iel Hls] W 4= Q7] wfoldt,
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Table 6. Empirical results of PM,, & PM, s panel model (rush hour vs. non rush hour)

Variables Model 4-1

Model 4-2

Model 4-3 Model 4-4

(PM,, rush hour) (PM,, non rush hour) (PM, s rush hour) (PM, s non rush hour)
RCI 2.5Q%r* 7.58%+* 0.86** 2.23%+*
Temperature -0.32%* -0.38%* -0.24%%* -0.29%x*
Precipitation -1.18%* S1.77% -0.31%%* Q. 747
Wind speed -1.89%** -3.00%* -2.26%%* 34775
N~NE -3.06*** -2.10%* -1.37%%* -0.86™*
NE~E -3.80%** -3.28%%* -1.85%%* -1.28%%*
E~SE -1.68*** -1.42%%* -0.59** -0.05
Wind vector  SE~S 0.83 1.25%%* 0.99%* 1,20
WD'WS)  g.sw 4,597 4,99+ 2,340 2.92%
SW~W 5.55%* 5.30%+* 2.37%* 2.67%*
W~NW 2.96%** 2.03%* 1.471%%* 1.04%+*
NW~N (Base) (Base) (Base) (Base)
Constant 47 653%* 42 84*** 28.69%** 29.83**
Region Yes Yes Yes Yes
Fixed effect
Day of the week Yes Yes Yes Yes
R? (within) 0.072 0.074 0.059 0.075
n 34,865 104,294 34,136 102,041
P>F 0.000 0.000 0.000 0.000

Note: * p<0.05,* p<0.01,** p<0.001
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