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Abstract Since many previous studies reported the health effect of air pollution and indicated traffic as a major pollution
source, significant policy efforts have been made to control traffic to reduce air pollution. However, there have been few
studies that evaluated such policy implementation. In Seoul, Korea, the exclusive median bus lane system was implemented
in 2004, and the metropolitan government applied air pollution reduction policies such as conversion of diesel buses to
compressed natural gas buses and installation of emission control devices. This paper aimed to investigate the impact of the
exclusive median bus lane system on air pollution reduction. Using hourly concentrations of particulate matter (PM,,) and
nitrogen dioxide (NO,) measured at 131 regulatory monitoring sites in Seoul and Gyeonggi-do for 2001-2014, we calculated
annual and daily average concentrations at each site. We assessed the impact of the policy using differences-in-differences
analysis by annual and daily average models after adjusting for geographic and/or meteorological variables. This method
divides population into treatment and control groups with and without policy application, and compares the difference
between the two time periods before and after the policy implementation in the treatment group with the difference in the
control group. We classified all monitoring sites into treatment and control groups using two definitions: 1) Seoul vs.
Gyeonggi-do; 2) within vs. outside 300 meters from the median bus lane. Pre- and post-policy periods were defined as 2001-
2005 and 2006-2014, and 2004 and 2014 in the annual and daily models, respectively. The decrease in PM,, concentrations
between the two periods across monitoring sites in the treatment group was larger by 1.73-5.88 ug/m? than in the control
group. NO, also showed the decrease without statistical significance. Our findings suggest that an efficient public transport
policy combined with pollution abatement policies can contribute to reduction in air pollution.
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o] AAH o]F, 1995 NAHRE AR @A 2
dgto] 72} B 2|24 SH o= ti7]d-S Tt
7] A1 25Tt (Seoul Solution, 2014a). Al &AlE 4
T di7|eE Aol Bt S8, Al255~28%0
ot B AFlEt ArdS 2Ee] S35k
Utk 9 W2 ti7|ve] fdde) SEH AR AsAt
T t71ed HEHA AR siE7ks BE7I%E
o] Al ApFAFet A2 B4 A AsAE £ i
E5-87I%S S50 £ A%, ald Aol tisl
ALAAE AAISHL HlE7FA A7 (diesel par-
ticulate filter) F-2}, H3H-3-7kA (liquefied petro-
leum gas; LPG) M%7 %, 7] H2} 59 225 F
SHes shal Q. o] & o|dshA] g A% 7 Al
o] Zeflof whet ARt Ao, Hel 9 HEm &
SIS 513l 1k (Seoul Solution, 2014b). TG I
7187 R, 58% 39kl wEt AU A EAY
A HA7EA AR WAE Q% RS A
Bohes HAZEA A BEARS AAISHL St 11
A &A= A A7 2 BaArd AHARS
A|ZFeE 2002'A5E] 20130712 A7k A 9 A
A2} qte] S HF5}9 11 (Seoul Solution, 2014c),
20159 7|5E ASAE 2ok AU A 77 o o
o 25l 100% AA7FA HAZ WAHSHITH (Seoul
Statistics, 2017).

e A2l 2004 7Y 71E WA AILEE
AFYHAAA| (Bus Rapid Transit (BRT) HA)Z
2sl7] 9ol SYHAHEHAEE Tstlt. T4

_—;IL

HAEAR QY BHS, IFEHOE 3

=5 7

R

117.5kmE F7I2 A%ste] AACA 6AZ T2
BRT kA& &H3F TAI7} 5911 (Ko et al., 2015),
ol¢} BEo] a7 AAHe ARs} diFwEate] 3t
= 2 AA 7R, HAPTE] i 52 Foto] Al

UH £9] o] g-Fo] IA F75k3I. ©]2|gt BRT A
Aol BEA B2 WA A= % F3A
(idling) AR A= MEFS A7, dF
WO 2ol R FYOoR JFHER QL W F
A2 9] tf7] e S HAaAE 4= ek T3 dAzt
2 B2 Hag Bl 93752t Aaliet A o] avkE
SHEAZE 5= Qlch

2 AFoll A= BRT AAIS] =8, FAA & S
HAHEALR O] TQlo] A&A1e] 7] F A7l
0% G RISk A} gty 7] -2k} BRT A
Al ]l izl e ol ulzl Gl thigt d4t= F=
BRT A|A| Efiof whet == 7HdAQ Alve] e
£ 2= A4E nEEH g7 WiEsd &2
7] 299182 A AW} (Choi et al., 2007; Lee and
Kim, 2005). o]2{e+ 15 W2 A2 AJY Ao o2
742] Ao whE BatE ASohal BAT 4 Qlrk=
Aol At Ly 7HgA U 2.0 ofs 7 E o
o wlawre olggtean A4 28 gl o
@ Aot A S & o, Aol hEs
L 091 87 o]9]9] e} Ael Jeres WA
7o@E st ofRieks SAF AUtk Jo et al.
(0002 FPH2BEAZ 718 4 BohE
99 Ao BET BEAS AHgetsiont 1
o2 A 129 B4 kAol g3t BRT A|A|
o tfEA el HTAE BoEE WA T o
TFollA = tFnFg 2] thr] e ol mlAl= FFS
24t AE 7] e PEEE AHESHATH (Bel and
Holst, 2015; Wohrnschimmel et al., 2008). £3] Bel
and Holst (2015)+= SUHAZ X2 AzHo] A5¥H
A2 ' (treatment group) Tt A& thido] opd FA|
e (control group) Atolell 3 Ala) HF2] tf7].©
¥4 L E Hw3t o|FAHEH (Difference-in-differ-
ence, DID) £4-& AA|5}to] BRT E¢jo] 7| L HE
A& AN Hoh T2y o] A A B
ol A=t AF71E Foto] H7]1ed A=s E5
stlon =, B4 ti4fo] A7 Aol Y EH, A
AA| f<Eoll A 9] BRT =9 G7Hd-2 Tdstr] o9

=
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HEAE =) G2 10 FBY e HIE |
FAHEEE o-gato] Brksk A Gk 58, A&
=%

o} A71= Aol A" Hr1e | ASET

equal to 10 micrometers in diameter: PM,,), ©]4t&}3
2 (nitrogen dioxide: NO,) =& AHgoto] 7]&

T2 A S5k LAF gk PM,, 7 NO,+= 15
oA A HlEEE 71 ed 288, pES

STl A 7ol ofFFe mxE AoRE HY
SItt (Hoek et al., 2013). ©]& T3l A&A]9] th5
FAA M BAe] 7| e g HAae] avE Bt
T Q& Aozt 7 di k.

Moag 4> R

2. A2 B BAYY

2.1 X2
S Eet AR DA o A= T 7] @ H o] AEjut
Fe 9J5) H= 3000] 7 A A4 2001 E] A]
H=2 7129 FEE 545k AATH(MOE, 2011).
o] titt S A A EYA| AT T2 o
A EAY 7548} ERHAY 7| SA 4ol 2
o ti7|ed ArEe di7led FAISEE
20049 10171 T=A] 7] 5449} 137] =21 Hi7]
EA 4, 20144 11670 A tH7] S 4, 2170 T2W
7] 244014 2001~20149712] 24 % pM, 7}
NO, FLE o|-&otlrh. S @& TetolA AlF
g2 1A 7HA 0] S EEoA &4 Fulge] #
Az ol A7z Aal" ZH(-999, 0X T} 2 7
T2 AlQstaltt. o] & ol-gste] AXHE AR E 75%
ol S e ghofl, dHF 7| ed E49 F
bk ERh dH o ARE o] 8oiA 108
g2 7} 459 olste] ASgE T E &
of gtofl, AGw 712 F FEE ALFSFATH(Yi
etal,2016).
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G Am= 7174 S T3 BE4 (Automated
Surface Observing System, ASOS)ol|A] 5L 7|7t &<t
SN 71, F5, 501 AxHE AR E ol
off L A=A} A 2 g gk AlLtet ik

o712 el Horet 29 AL ek A2 usE
22X Min et al. (2017)9] =2 HIgf o2 pM,, W
NO, FEo} o3t ATAS Hole QI 1, E
2|0l Foll tiet 571 AP o853l o]
£ W0 Amd JAIRE AL H-2 Eum et al.
(2015)°f] 7R = ATk, AHA == A AFTEF
ZAEAZ 20108 A=E v AeE FAA
2] H A H] A (SGIS) AHO|E (http://sgis.kostat.go.kr)
O] 7t HAFE AFGA| ¢, 18 Q1T A Q1] A
gAE AuES S5tk EXol 8 R 2
T+ A H Ao EZHLE] (http://egis.me.go.kr) 152
A RS Sl EXol 8-S B4, & 24, 54 5
O FERF BEX| n& AEF fESHGIh o] A=
= 20079 % 2w} X Hof| gtefl Ho|EH
2009 = 2t=E oA ARESHRITh W =7t
WEdlo]e#|o] A (KTDB) (www.ktdb.go.kr) 2] 2010
Ueo] b JHE o] gty FarrE U4
20t 62b41 ool =2E EAFTh AT
oieh A E et Fgab=of thet AH = 2017 @A 7]
T8 MESEEA EE RN} BT & wFs YA
HEHE A5 2t o5 AHA=E o] 8alA, 7
d71ed SHAZEE 100m H =2 HE (Major
road in 100 m), 500 m W &4 H]-& (Wetland in 500
m), WA FA71A] 9] 7]2] (Distance to bus stop),
1,000 m lﬂ 7&@%‘7‘4194 ﬁk—(Construction companies in
1,000m), 100m Y AL A <24} 4= (Construction
employees in 100 m), TYHAH-GAE7IA] 9] A2
(Distance to median bus lane) & A4St
QLR O] A2 AP o] dolot |HE HaliA Al
A3t

M

2.2 O|=x|I2% (Differences-in-Differences)
o|FAER S A JgFs w2 Aoyt vt

=71 stE|X| M 34 H M 45
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=7 giE 3 BRT A7 524 o= g2d uhd
7= M e B AHE =S+EE2 BRT =AY
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@-X

[e)
o] A7|= A 72 =& 7Fsdol Jlou
Zol of=& oFdo] Aok (1™ 1).
o|e} 2 AFHE Hstr] fla TR A<
(Definition 2) &= SUYHAK G2 o] YA HA H
FHeRRYH 7 7| SP49] AT AYE +
Sff o] A7} 300m oWl 7% A= HTCE, 300

m o[/l ol AT R FE6dH. o] 7
o HiL

T Ao AHA o2 JFS T A 187 ¢
= A0 A A 5 Ik PEd 4 vk 1,
o] B¢ TRt F= wFFo] B2 x| X
ol Qlonz wEde] Wl 5 A avt 99 o
Fol NP o ek mebs F7HH o' 6244 o)
o] 8 Z= Q1 (500m °JH, 1,000 m °]H}) 2] 54
2 WS 74 o & sto] A7 a7t A=AE
A5kt

o] AP A gt 29| 7 20061
o]F2 StIth A2AI7t tiFusAA N S
AARE 22 2004 79FE o, A Z7]ofl= A
SAW FAHAAGAR Aol 36.1 kmol B3|
29k 1 (Seoul Solution, 2014d) A7t~ M4 RIS
T 23.8%0°1 B35}t (Seoul Statistics, 2017). 2006
| 7|E SYHAAEAIRTE 67.9kmE 21 Afo] F
FHAHGALZ o7t 287 FE S7Fskl A, HATt
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Fig. 1. Maps of bus stops on median bus lanes and air quality monitoring sites in Seoul and Gyeonggi-do in 2016 by two defi-
nitions (Definition 1 for the left and Definition 2 for the right) applied to difference and difference analyses.

2 HFEE 43%% w5 olrh theba] & Aol
= HFns A% d71eq FAo A4 anrt
20064 ©]% LERE Zlolat B3 2001~2005W-2 A
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Table 1. Means and standard deviation of geographic and meteorological variables at air quality monitoring sites included
into treatment and control groups by two treatment definitions.

Definition 12 Definition 2°
Variable"
Treatment Control Treatment Control
Distance to median bus lane (km) 1.06 £0.88 11.36+11.14 0.15+0.08 9.12+10.67
Major road in 100 m (m?) 2435.25+3340.05 1019.59+£2142.98 4059.51+£3765.51 1178.75+2343.69
Wetland in 500 m (%) 0.05+0.25 0.65+1.99 0.65+2.05 0.46+1.68
Distance to bus stop (km) 0.15+0.10 0.70+£3.42 0.10+£0.04 0.58+3.03
Construction companies in 1,000 m (N) 73.66+87.85 35.69+32.28 88.67+137.58 42.60+40.16
Construction employees in 100m (N/100) 30.41+£54.28 14.40+29.00 54.95+69.25 15.63+32.52
Temperature (°C)* 13.47£10.01 12.83£9.61 13.27 £10.00 12.78+9.70
Wind speed (m/s)? 2.51+0.82 2.19+1.08 244+0.84 2.26+1.04
Humidity (%) 62.49+15.07 66.67 +14.86 62.76 £14.87 65.78+15.03
The number of monitoring sites 37 94 1 120
N 518 1302 154 1666

"Major road in 100 m: sum of lengths of major roads within a 100 m circular buffer multiplied by number of lanes and lane width; Wetland in
500 m: proportion of wetland within a 500 m buffer; Distance to bus stop: distance to the nearest bus stop; Construction companies in 1,000 m:
number of construction companies within a 1,000 m buffer, Construction employees in 100 m: number of employees in construction companies
within a 100 m buffer

IDefinition 1: air quality monitoring sites in Seoul and Gyeonggi-do for the treatment and control groups, respectively

*Definition 2: air quality monitoring sites less than or equal to 300 m from the closet median bus lane and further than 300 m for treatment and
control groups, respectively

“Average and standard deviation for weather variables were calculated from daily data, whereas other variables were calculated from annual
average data.

“Number of sites across different years for 2001-2014
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2 Addold o & Zog 74t T W A AFY o] P AF oo H|sh PM,, =7t
oo g A% A AT E 1567 ug/m’, A S HAFe™ I Aol 271 —10 7FEO]
Aol A= 9.82 pg/m® FAste] A2 Feo| A Ha Stk ©l= 2006~201413 2] Bt PM,, =7t 2001~

2004 PM,, F 0l H|5l 10 pg/m® 7Hg W55 oJH]
Qtct 22| ©u|Ha> (Treatment) 9] Ale= A ‘ﬂ”ﬂ
Aol AMRSH AL AWT RoA ] guld

Zo| ¢ Zitt. 231t NO, 9]
T Zpol7t gloltt. A WA A oo whE ¢ A
ol A= 0.36 ppb A4, FAIF Tl A= 0.66 ppb 5

o 2 s
A AN AT2 2%

7Fstg o, & WA ojol whg ¢ A delA
£ L16ppb S7h BAIH T4 = 0.18 ppb 745G
ot Y4B+ FE GA FARE S Hol PM, 9
BF T ool BT Aol SANTE

O} A7t —3362 oAl At BYofrl= %
ofstA] gkttt ol AW A= ARG Al A2A7E
7371 =R}t PM,, 557} OF 3 pug/m’ W22 o]ttt
(p<0.001). HFH, = WA o5 AHE- A9 B+t
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Table 2. Means and standard deviation of annual average concentrations for PM,, and NO, at air quality monitoring sites
between treatment and control groups by two treatment definitions before and after adoption of the BRT system.

Before BRT (2001-2005) PM,, (ng/m?) NO, (ppb) N?
Definition 1" Treatment group 67.86+10.67 39.96+8.29 155
Control group 65.97+£12.60 29.66+8.63 299
. Treatment group 68.71+£9.25 40.72+10.60 44
2)
Definition 2 Control group 66.39+12.24 32.36+9.38 410
After BRT (2006-2014) PM,, (ng/m?) NO, (ppb) N?
. Treatment group 5241+7.86 39.60+9.35 320
1)
Definition 1 Control group 57.84+9.36 30.32+8.87 788
. Treatment group 53.04+8.74 41.88+12.04 94
2)
Definition 2 Control group 56.57+9.28 32184931 1014

"Definition 1: air quality monitoring sites in Seoul and Gyeonggi-do for the treatment and control groups, respectively

“Definition 2: air quality monitoring sites less than or equal to 300 m from the closest median bus lane and further than 300 m for treatment and
control groups, respectively

INumber of sites across different years for 2001-2006 before BRT and for 2007-2014 after BRT

Table 3. Means and standard deviation of daily average concentrations for PM,, and NO, at air quality monitoring sties
between treatment and control groups by two treatment definitions before and after adoption of the BRT system.

Before BRT (2001-2005) PM,, (ng/m?) NO, (ppb) N?
Definition 1" Treatment group 63.19+34.63 41.27+18.05 10880
Control group 64.60+34.42 29.69+15.25 28210
Definition 27 Treatment group 66.45+34.16 41.02+17.07 3046
Control group 64.02+£34.50 32.23+£16.70 36044

After BRT (2006-2014) PM,, (Hg/m?) NO, (ppb) N3
Definition 1" Treatment group 48.18+27.93 39.30+16.80 13148
Control group 53.18+28.73 28.90+15.20 36540
Definition 22 Treatment group 49.30+28.04 42.42+17.87 3046
Control group 52.07 £28.65 30.73+£15.82 36044

"Definition 1: air quality monitoring sites in Seoul and Gyeonggi-do for the treatment and control groups, respectively

?Definition 2: air quality monitoring sites less than or equal to 300 m from the closet median bus lane and further than 300 m for treatment and
control groups, respectively

INumber of sites across different years for 2001-2006 before BRT and for 2007-2014 after BRT

ngoAE Al ouiso] ALrt GolakA] oFek  ZHIth vt Aleo] A7]= A2 'ike] Aol w
T LT BPof|A] 3242 Folgct ol FYH A 2 F AolE Hol=d|, A WA Ao mEti=
A82L2 300m | PM,, 5E7F 1 8Ol s H 2~3ug/m’ AL AHHHoR H2 HAES HolA
o} oF 3pug/m’ =a2 9P ett (p <0.001). ok &= R Jo] 7|F o2 E 5~6pug/m’ =2 A
o, A 5ol A gits sterle Fa A AHeR EdaRS HAth
=21 Time * treat §15=9] A|4=2] 7% /\1%-737] 2] 2HH, & 59] NO, H3HE ATHHA A2 HuHs
o 1o G BPS ALole BE folF & o A F 7 A BRolA ot ¥ wts
O] AFE Zt=th &, Aol fosHA PM1094 S 7, AT FEOt BAYTET 2 Aos
= FH2 etk Ae-77] A 29 ?iﬁé LR £, A2 FYHAZ %Z}Eﬂ ZA
o RPN E FoJstA= grout 29 gho] Alg She 78 E22HE 7R 299 B9 dEEA
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Table 4. Regression coefficients of treatment effects for annual and daily average PM,, from difference-in-difference analysis
by two treatment definitions.

Definition 12 Definition 2%
Variables”
Annual Daily Annual Daily
Year dummy () —10.40%%* —10.73*** —9.83%** —11.16%**
i (-16.20)" (- 44.89) (~14.68) (= 52.49)
—3.36™"* .
Treatment (Definition 1) (k) (~5.69) (8;;)
iti 224 3.24%%*
(Definition 2) (1.44) (5.72)
Time »Treat (@) -1.73 —3.12%%* —5.88™* —5.10™**
*
(—1.67) (—6.89) (—3.28) (—6.83)
N® 1562 87759 1562 87759
R? 0.20 0.16 0.19 0.16

“Major road in 100 m, Wetland in 500 m, Distance to bus stop, Construction companies in 1,000 m, Construction employees in 100 m were con-
trolled for in the annual model and temperature, wind speed and humidity were additionally controlled for in the daily model.

“Definition 1: air quality monitoring sites in Seoul and Gyeonggi-do for the treatment and control groups, respectively

JDefinition 2: air quality monitoring sites less than or equal to 300 m from the closet median bus lane and further than 300 m for treatment and
control groups, respectively

9t statistics are in parentheses.

9%p<0.05, **p<0.01, ***p<0.001

9Number of sites from treatment and control groups across different years for 2001-2014

Table 5. NO, difference-in-difference analysis result of yearly and daily model according to two treatment definitions.

Definition 1? Definition 2°
Variables"
Yearly Daily Yearly Daily
Year dummy () 0.04 —1.26™%%9 -0.184 —1.42%%%
i ©0.1)° (—1235) (—041) (—14.97)
- 6.18%** 10.49™**
Treatment (Definition 1) (k) (15.89) (7132)
" 4.6217%** 5.327%%*
(Definition 2) (3.67) (20.9)

) —0.598 -0.03 —1.389 0.36
Time xTreat (o) (-0.79) (—0.14) (-094) (1.07)
N® 1562 87759 1562 87759
R? 0.50 0.43 0.44 0.37

YMajor road in 100 m, Wetland in 500 m, Distance to bus stop, Construction companies in 1,000 m, Construction employees in 100 m were
controlled for in the annual model and temperature, wind speed and humidity were additionally controlled for in the daily model.

IDefinition 1: air quality monitoring sites in Seoul and Gyeonggi-do for the treatment and control groups, respectively

*Definition 2: air quality monitoring sites less than or equal to 300 m from the closet median bus lane and further than 300 m for treatment and
control groups, respectively

9t statistics are in parentheses.

9%p<0.05, **p<0.01, ***p<0.001

“Number of sites from treatment and control groups across different years for 2001-2014

1 9] 2|93} vl w5t NO, 7L =2 Aoz yepdtt, WIS HaE ABy RPoAE A7t mE A
AT vluo s, ¥ Bl E 0.1% 2 a7t T3 vEebA] eigteh o, S A
FZA A A Fagt Aoz yebdeh J8u dE #H42l Time * treat®] AlgE BE RBP4 Folgt
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Table 6. PM,, and NO, difference-in-difference analysis result of yearly model according to definition 2 under constrained

sample of monitoring sites near major roads (MR).

Within 1,000 m from MR"

Within 500 m from MR"

Variables”
PM,, NO, PM,, NO,
Year dummy (1) 2.783 —3.249%%# 2.76 5.80™**
iy (1.77 (—5.20) (1.73) (3.95)
. —10.427*%* 3,647 —10.30™** 0.56
Treatment (Definition 2) (k) (=15.22) (16.10) (=13.77) (120)
Time x Treat (a) —5.353%* 0.619 —5.48"* -1.00

*

(—2.95) (0.80) (—2.98) (—0.58)
N 1407 1407 1244 1244
R 022 0.28 0.21 0.26

"MR: Main road include National Highways, Metropolitan city highways, Local roads above 6 lanes.

%t statistics are in parentheses.
¥*p<0.05, **p<0.01, ***p<0.001

S A A dgto = ]
Aefstales BE 20 ZH& Hof d53t 2t
258 HArh

2] gatol] gk & WA Aolof] mE EAofA
FQT 24 1,000m, 500m °|Ujo] Y= H=
Tk g et 9ol oA of2 EA T I
TS HATH(F 6). F 7] A2 Hd 257 710l
YA O PM,,0] B¢ 5.5ug/m’ FE0] A
& g7t A4 o] &2 WSt e v No, 2] A

1

=]
3|

a7 At WEEA] ot

r

ﬂ.l

H

Jo MU
o gy A1

4, X+ Ol 73%

=2 X a3

]

Atelde H71ed XS % I A= oF
WS ol-gste], A&AlY] tiF JIA A
I AHe2LZ £lo] PM,, 7 N o2 L
=2 H7tolleh. AAAY o FE i

S
ol ﬁE

>
)

el

st

@l A Beles, i3
Fg2AgA2RE 24
PIE AFgshgnh F 7H 4ol ALg
oA PM, S T A AE Kol
o AN §IT w0 2

T =
ZaE47
1

2

Dot I S
41y Mo M
>
i)
_l

% T (R =T o [ « )
rE o2

2 o
Z
A
rir
R
rL
i)
|o
s
oy
P>
e
=
il
H
pacs
o
L=

off
)
)
lo
fr
Jo
1o
ol
R
52
30
L

=

g

riol

re
-
rr
o, o
)
[e]
o2
ot
oE
o
il

o,
iy
o
=
N
o

N
N
B dm
2
=)
>
fr o«
0%, rln
ol

N oo ofn

w2 Rl
)
>,
rol

14
R )
o
%0,
uh
O.?E ;11:‘
ol
=1
off
fn)
N,
fo
g
9 2
>,
r& ot r

Y
ol

=
=)

rr
12
of

o
_l

1o
=
=
l-lj
O||

i 1o i o ofm riz
AR
1 A
fru

o\l OEL
N
)
2
o
HU
=x
ox, mR
1=
ol
N
)
1o
i)
ol
)
ro,

A

=

i)
o
S
L =

=

H X ITH(US EPA, 2009).
717] S1oiA 71 o] A
o] N @=|gict. JeiL, P
ol o] ESEAL 7t
A Aol A=, &
A4 avE ot

T

oN

of H
=

o o
)

o

f

2
o
o
b

>,

o

N o2 o
o
2
»E

ol
N,
it
)

EA TS
M
_|>~

oXl o2 o
X il
o, r
>,

sk
o
4
e
o o
X
X

4
N,
to
of

I

%
2
e

rr

B\
oX T
)
U
1o
o
of
N
s
E
o

o 1o

ofl
ox,
Mo
o

4718 99, 970
olgatoict tiEmEH
FFe B 71E AF
124 wiEol et 54
A FEE 1Y) A=l di7led
230t (Choi et al., 2007; Lee and Kim,
2005). Jeiut oleldt GBS Fhdo] AT}
AoVt she o i e 979E 49T 4
R CEE

o
i)
~
o
oy
B>
)
g

—

o
N

)\

7Hdef 7]

3

N
o T U R
° El
oft
o
oo
[

=71 stE|X| M 34 H M 45



MEA SYHATERZ =@lo| FIHHQl th7|2Y FeHy Eot 551

[e]
=
vhe] chakeh QAR Fot Qv w9 L
Hohge WET et oz AR e g
Z o 2z

=
Q1 Aol AgEE v, A2 W BT o
254, BRAQ B2 49 SO Al g

2 A ) ole] Hel e BRelA pu,,
o %% A AW ol AL 0@ $E2| B
At QUgiek. olefet Ak BEAA WA, =2
F94o FLF WF, A7k Nx BG 2 29
A9 AgoHet Aele) B muke A9 4 9l
o 0l 2adds Aol nbE e A
E R P10 Ge 2T AFNAE, A
2ol e} ol AIR1A) o] S50} FASH Fols 3

F= BAYTH(Zhu et al., 2002). A2 9] el A]

T YA MAATE ol A9t xRt I
Aldi7154 4] di71ed 54 A=E vluet 23,

FTYAAA AL o4t AT} 2.5~5.3H] E11 HA|
2= 27% I =AU TH(Lee et al., 2014). 2009 H
AFYAETY AF 2 8 A= 157] A S
2o} Qo] 7| W wEH =7 Aufol A,
Zdatzo] vls] ¢lof A PM,, PM,,, NO, Tk=

ZYZY 0~22%, 3~19%, 15~44% = T (Ha et al.,
2009). A, FYHAHEALZ EYA7]of HE
A& AlelAE 20059 238 Ak Asoliet A
AN, o] AFY2 Bl E7HA A A] FA)
ANz, 27] H2HE 23U 2008
A= 2005~2007 B HEPH A
A2Le 729, AR %= 2008\ 45%S
2 HIFITH(KEL 2011). 7129 &
S ol 8oliA ARt AZulEo s, AR F
2t 2ol AFAze] oFt nAHA] FAaEo
80%%} 20%¢1 A © &2 HIFTHKDI, 2007).
FTUHAAGAR L] A2 M-8R WS
Has v FHE R O] wEw F7k= QIeh A&
AA o] ti7] e do] SRS ST & qdok 18
R dAnE B o, I2ERE EEe ¢

55l

71l

N 2 ox
of Lo c
5L _L‘NJ

%

H‘I
o g
o
g
N

SotAls F&E nAE 7ol Aok A4
TYH2AGA R S WY dF=dMe T

A A% T2 u5TF AstE B Adto| A, A
T 4712 (2004 11Y) TIHAHEA=Z 719

i 1.4% HAR
QHY3L ISR WEEE 1d Fol= 03% &
A5 QPget H QI TR, WSS oA L, FYHA
Agat=z A2 & SHARE HAFHPEET) °oF 15
km/h WelollA 20km/h L2 B <F 30% T8
< B 115}t (Seoul Solution, 2014d). Al-&A]2] H
o AAFEE 9 HASE TR 20041 o] & HA O
& 371E Ho g, wEH dAas A

AJAFSHATE. o] Hilof A= 2009 o] % 7REH SF
MARSARAN E2E NASARE B 4~7%
F7HRte Bl YA E £ 8 =
A dFs AAL ol o, ti7led A%
g3t Hagstol Al ogm BRIt o= 7] ¢

j=
e Z45he QS Fe Aoz gadn

Rl
of
o
flo
o
=
N
N
o
P
%
IS
e
—{Oll
=2
ol rl r

lo 1
u

o]

Ih

J. Korean Soc. Atmos. Environ., Vol. 34, No. 4, August 2018, pp.542-553



o] 247} o s Fasie
NO,9l Aol SHT FeE
= ohe T e 2ol FIRlsks
A, 1 Ao A2 8 P71 o] RE
wo] PEARE BANPYOR SH2 g

= 200692 7|02 AQfTE Bjut ASA 45
T SYHAHEARE Edo] S22 atrt
23] =tk PM,, s 7F 1 o] RE AT
A o wEA a4 ok B3 YA}

2 9] 919 eAARA AT A SO T

A A7+ AFo] 20049 0]F BAZH 0T AL O
o2 9% gt @4 ZRE NS 73T EA

i

>
o
>
1o
o
2
ol
i)
N
N
e
1T
oy, M
N,

N H
)
18 A8

e 2 2

4z H %0,

o nk |o
olt

P o

b o
_O|L

2 e
24 NE
o 4
L ok
o 2
g
2 A
s
ol —‘1 kol
< H
g &
e
;ﬁg of,
y ™
= &
L ig

o
3

gl 5 Az 2pol7k A A elo] &
pa

L

32
o
N
or
o
o
Hir
H
k=)
)
>
_>‘.1_l4
o
o)
my)
1o
2> o

2= B0 AAohs FE5AFTE 2
87} Qlh E3E, 2 AoflA
19]o] tf7]1 24 Wste] JFES m
HAStAAF EaH et 571 22

EZFP O, HASHA] 23t ohE 2dE
T} FEAF A= diehA ] o s A
propensity score matching)< 1L2]3]A4],
HFRS GAAS Sue Aas g

N o
il

o2 o

HUodn ro
ok
1=

rr

O e o ook X oxe o W

2 ofN

o2
Wi
o]

]_

T

i
o

o r
ofl o
o 2 % oX o

oo o 0 L
=2
o

fo
N

i o 5
o

-+
rr

B ooy yo M

o py gL

kol of
[e)
LU=
Ao
il
A
o
_?L
N
glx‘
o |
n}
ol
El

fo

o,

ox

o
2

o

ftl

f

1% d

o=

o

ftl

- R A T A b 1

¥Q 2

2
2
=
N,
2
&
ik
rir
o
=2
o)
1o
1o,
il
N
N
B2
0 %

o2

Bl o o
)
o
bt
=1
st
>
Ogg
=

S op
)
)

o % pE 18 O
4> 2

o
2 o2

ool
T i
ox Jgb
lo

py & 1o
2y
£ >~
T
ny Mo £

N

= =

do W e ofN oX ofm

r 2
z
il
i

X
rr

el )
o
iy
)
k)

ok M

EE a2
1o

rl &g
rlo
&
a
jat)
=
H
i
-
ol
kil
BooX

-0,

>

- U
o &
<

N

et

rel

S

o

=2

o)

10

EL

N

N

N

N

o
o
2
2
oo
].ﬂ
Htl

2

=

O

o)
ofd
rlo
o,

oyl

B>
U
ol N

o
e, 1S
N
o,
3]
5

M Lo i) re

B
'S
o

re HU Oﬁ
ro,
ol,
N
K
o I
S
of
ol
ol
ol
D)
H‘T

me o ok

Hop ol
)
)
o

o2
oy
B>

O

i

A 2

2 A= 20139 WSRO PO R AT
o] 2| YE whop ~llE 7|2 ATANA (AR S
2013R1A6A3A04059017, 2018R1A2B600460)3} =




MEA SYHATERZ =@lo| FIHHQl th7|2Y FeHy Eot 553

AAIE 9] 7] TI-FAFE (NCC-1810220-01)2] LgHe

References

Abadie, A.(2005) Semiparametric difference-in-differences esti-
mators, The Review of Economic Studies, 72(1), 1-19.

Bel, G., Holst, M. (2015) Evaluation of the impact of bus rapid
transit on air pollution, Research Institute of Applied
Economics (IREA) Working Paper, 19(1), 3-43.

Choi, K., Choi, Y.-H., Jeong, W.-H. (2007) Quantification of air
pollution mitigation with BRT introduction, Korean
Society of Civil Engineers D, 27(1D), 9-17.(in Korean
with English abstract)

Eum, Y., Song, ., Kim, H.C,, Leem, J.H., Kim, S.Y.(2015) Computa-
tion of geographic variables for air pollution predic-
tion models in South Korea, Environmental Health
and Toxicology, 30, €2015010.

Ha, H.J., Cho, S.J., Kim, H.S., Go, H.S., Cho, S.S., Jung, J.H., Kim,
J.H.(2009) Characteristics of air quality at the center
lane and roadside and correlation between traffic
volume and air pollutant, Seoul Institute of Health
and Environment Report, 45, 144-153.(Korean)

Hoek, G., Krishnan, R.M., Beelen, R., Peters, A., Ostro, B.,
Brunekreef, B., Kaufman, J.D.(2014) Long-term air
pollution exposure and cardio-respiratory mortality:
A review, Environmental Health, 12, 43.

Jo, S.J., Kim, S.D., Jeong, J.H., Oh, H.J., Park, C.H., Kim, L.T., Kim,
J.H., Kim, M.Y.(2006) Analysis of ambient air quality
after launching of bus rapid transit system, Pro-
ceeding of the 43rd Meeting of Korean Society for
Atmospheric Environment, 333-334.

Ko, J.H., Lee, S.H., Kim, D.J. (2015) International comparative
study of Seoul BRT system The Seoul Institute.
Seoul, 67pp. (Korean)

Korea Development Institute (KDI) (2007) Vehicle emission
reduction program, 2007 program evaluation report,
1-5.(Korean)

Korea Environment Institute (KEI) (2011) Evaluation of diesel
vehicle emission reduction program in Seoul met-
ropolitan area, 40-42, 47-58. (Korean)

Lee, H.-K., Kim, J.-H.(2005) Travel behavior change and air
quality improvement by integrating TDM measures:
Focusing on BRT (bus rapid transit) and road pricing
measures, Journal of Korea Planning Association,

40(4), 175-185.(in Korean with English abstract)

Lee, S.(2016) Median Bus Lane Network, Seoul Transport Policy
Package (https://www.seoulsolution.kr/sites/default/
files/policy/%EA%B5%90%ED%86%B5_6_85-
100_%EB%B2%84%EC%8A%A4%EC%A0%84%EC%
9A%A9%ECI%B0%ABYECYH84%A0%EB%84%A4%ED
%8A%B8%EC%9IB%8CIHED%81%AC_12_sl.pdf).

Lee, YK, Kim, W.S., Hong, S.M., Shin, E.S.(2014) Comparison of
Air Pollution Characteristics in the Center Lane-Bus
Stop and the Surrounding Areas, Journal of Korean
Society for Atmospheric Environment, 30(4), 378-
386.(Korean)

Min, K.D., Kwon, H.J.,, Kim, K., Kim, S.Y.(2017) Air pollution moni-
toring design for epidemiological application in a
densely populated city, International Journal of Envi-
ronmental Research and Public Health, 14(7), 686.

Ministry of environment (MOE) (2011) Guidelines for installa-
tion and management of national air quality moni-
toring networks. (Korean)

U.S. Environmental Protection Agency (US EPA) (2009) Integrat-
ed science assessment for particulate matter (final
report), 6-1-7-98. (http://cfpub.epa.gov/ncea/cfm/
recordisplay. cfm?deid=216546).

Wohrnschimmel, H., Zuk, M., Martinez-Villa, G., Cerdn, J., Carde-
nas, B., Rojas-Bracho, L., Fernandez-Bremauntz, A.
(2008) The impact of a bus rapid transit system on
commuters’ exposure to Benzene, CO, PM,; and PM,,
in Mexico City, Atmospheric Environment, 42(35),
8194-8203.

Yi, SJ., Kim, H., Kim, S.Y.(2016) PM,, exploration and applica-
tion of regulatory PM,, measurement. Journal of
Korean Society for Atmospheric Environment,
32(1), 114-126.(Korean)

Seoul Solution (2014a) The change of Seoul city air quality pol-
icy. (https://seoulsolution.kr/ko/node/3025)

Seoul Solution (2014b) Low emission vehicle policy for diesel
vehicles on operation. (https://www.seoulsolution.
kr/ko/node/1382)

Seoul Solution (2014c) CNG vehicle distribution. (https://www.
seoulsolution.kr/ko/node/1388)

Seoul Solution (2014d) Median bus lane. (https://www.seoul-
solution.kr/ko/node/647)

Seoul Statistics (2017) Seoul city CNG bus distribution status.

Zhu, Y., Hinds, W.C,, Kim, S., Sioutas, C.(2002) Concentration
and size distribution of ultrafine particles near a
major highway, Journal of Air & Waste Management
Association 52(9), 1032-1042.

J. Korean Soc. Atmos. Environ., Vol. 34, No. 4, August 2018, pp.542-553



	서울시 중앙버스전용차로 도입의 부가적인 대기오염 영향성 평가
	Abstract
	1. 서론
	2. 자료 및 분석방법
	3. 결과
	4. 고찰 및 결론
	References


