creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

EAAY T AN T

TEH AYE
71 dEdFT TR A9
d7leds= Adas AFEY

20239 24

Aethsta ojsrg
AAAYRY BABYRAZ

J A 2



TE=d AL%E
71 L4 =2 FFH A
W71 L85 E AGES AFEA

AZNT & F &

o] EEL EAAYY HAFAETOE ASF
2023 24

A&t tfshd
A Y {F AT

9 A 2

YA LY HARAEES AEF

20233 2¢
9 4 # & e ()
2997 2R ()
9 2 233 ()




wae)A, 14 ZIE

°9Ed %

A w7l

T

+

N

X
i
No
el

i)

. 2021-28420

3 W

7 A 504
1 2003 @ E 2019971%

3

3}
=

s

A3

E
=

@9

e 4G o

A

BT

o
O
wr
el

i 3 sF AARt

Mol 2 olm7} Atk s

1
.

o)zt

273

£9 SOx, NO¥,

=

gAe =8 dried=4 1

s

T 2001 do] At o

ol A2 A
rol Waekel® G AAET A

o

A w

B EEE

e g Al e

2 Ay A

R

™

[AZ

ek 22 9

7}

TR

2

Al O
==

H}

SRS

ﬂu‘_
¥

o

o

o

0

=y
o
~
i

Ho

A}
2

];“_E_‘ll_
2tk webd A

ﬁO
Ry

EA7F B ol

Els

o #3

oy W

H71 i<

S

37}

TaNE

Aol

FE3e] 3

=
=

2007355 2019d7kA] o] Z7] 9 e o] E]

FA g3t 22k A

=

Fich 24 A% 1 2%

21§

o

=

7}5

A = Zadrt 5

IR ER

std A
. o, APAFNA AEHoE AV wEd HY &I, A

boh,

3

B A7t Be

§-l‘

9



AlAZAE
Al4d AT WA
A2Ad AT 5F

A2 FAAY A ‘;—l/}j‘ﬂ AT

A1A = 7187 Z
A2 A AGE F
A 3A dPATF

A 3R AT A9 $E
AlHA AT HY
A2 A He AA
A3 A AT B

A 47 AT A9 1F
AlAd AT+ A7
A2 A4 dx 4

ASHA AT 8 H A&
AlAH AT 89F 2 g
A2Hd AT A L

F1EH

Abstract



[ 1] 20 7] AT e,
S e B o B I s e = B Tt
[ 3] ALRF AlE T A22F A|Z] Bl IL ceereeenescnsecanasnnes
[ 4] A2 A3} A23 AY ST oju] wEF
[ 5] AP AT QOF coererrnrennreinnnieneiinatinensnnessneesesennnes
[ 6] BEAHA S A D A Y cevesnnnnnnsnnsnsnnnsnsnenins
[ 7] HE 7]S BA|TE ceeerererrressnnnnnennnninneninicnnencsenennnes
[ 8] W AT cerrrrrrnrernntinniineinniineisnaniseisnnessneesesennees
[3£ 9] o] AE O|FXFEEA] cevrensnnnnsscnnisssenisccisssennas
[ 10] A G BA v,
a8 5 A
(A2 I B == | =1 e N I e ) = O T R R T
[T23 2] HYFA7FA A ceereessersrscnssnsssnississcissanssanes
S
= R LI I SO
[A] 2]  ceveenseeesnncsnnssnnssecsnnssansensanssassnessanesassnessnessansasanasnnsnans



A1 A&

Ald |5 HiA

s AR AR W7o B FERACls, FEA)E ]
7} X

=245 AY @ &3 AR dYsidts MolA 7IEe] 23

K}
ox
(]
f
ol
o
45/
i
off
o
1Y
o
Do
S
Do
(@]
L
P
A
X
Y
X
f
I
K}
i
>
i
=2
FPN
o

FHAL A A A4S uil Stk drlegEd U, A
A weleh AW A ANSGETHE Hold FFAE 48 1A
AAA A=)
A A T 20 do] At A=A
53 x4 el AMHUGT B B
293 BuAe] F4¢ ugor AAL AT ) AN gl
o aEu dY Rade g grhs
< Azbel wet e TS WAOR Ay}, A AP} 7)o
22 Y Aolel ARy AFo] mFsiths FAE Ak A
U edEd MEFS FHA AY Te okt AAYFE, %
WA, AWALE Y B AT gL 9% 99le FFS weTh G

A Ao wumAE B A TSt R ales AHEI

rd
N,
r o)
rlo
4 o
ol
2
>
03‘:',
o

=
oy
>
>
2
o
lo
wn
O
><
Z,
@]
>
=
i
$‘a

o
rr

ok
4

I
—
I
et
e
i~
IS
—



FARSE AY w9 7] BHS AA
I, H=olAes 33 BA &5 Byt A7 &9 IPHT ok
T2 20129 ti7]d 71 “Zr3kNational Standard GB 3095-2012),
2013~2017\d 7] <2d@A AldAE(Action Plan for Air Pollution

Prevention and ControLAPAPPC) &S &3 wlo]#, =X, 3siuo]A

rok

AN

(Beijing, Tianjin, HebeD3} o] thr] o] SAgF Ao g A @&
A 7] e AFgnt. g thr] Ao & Hrl AA A FA
2 AP I} 2l o] FAE-H(Difference-in-Difference, DID)S &-&
st AR Adatel JAAH S A=Atk He G. et al, 2016; Wang
K. et al, 2019; Wang W. et al., 2022). v]=r2] 7%, HA7]*H(Clean
Air Act, CAA)9| A%t 54 A A tir] e
= T Ae AL A7 diried BAs v AAsta Ak

20153 7B wl= FF 277 FE& %

g
il
i
o
‘0,
M
=2
2
o

ret

o7 AAF F
(Cross-State Air Pollution Rule)e] 1 ¥dFo|t} B AL FH Fuks
o s st e, ole FHEL) A9l 59 NOxet SO2

o] FRAH] o0& o AU IFS w7 wiEolt. =
AR 71H e AE(good neighbor) %&e] ZAd Y Q& HFEAS
o v sk 25MW o) Aol tiel wiEH AAE AlFsiA oH,
A, AR, AAA, SFGA T OFSd A FARE FA4sAT =
g AE Y dEAUE AAS =
A AV AolE Fe T A WAUSES s &St O A
# 20173 7]1<E 2005 wiH] A EakslE 87% =, AA4MEE 69%
=, & HT 7

4

QLY

N

ﬂd
1o
i,
P~
r>~
ot
(il
&%
SN
iy
A
1o
ox
i)
il
1
ftlo
o
30
32
v

—_

) & AF 7179 NOx 742 &9 200~75022]. 1 9] 7|7ol= &3 2~7.5 29



o

SRk R

(0184, 2019). v|= QA F237} Zo] A

p— e

m o) o o o o= o
_wW T 3 n
b T o B E}%L%ar%&ﬁrﬂ,
Trew 4+ XEXE ® W N 0 bz
G Sy - W B o ,m_m o ﬁm I u.w Wo T _
= & W 1 g 2 & W X Mw_“ﬂﬁ %%1%5 -
@ X B 5 a%mﬂgﬁmwwﬂ% % T g v opi
T B R % o S W oy o < VR of ¥XK T K e
o ~ oF B3 o o N = ~ W N ® ~
¥ R A
o o BT my T & N N B ! T a3 |
D owoE O S N =T TR mﬂmom%o_
p o Meﬂugcfw%maw%mq T
50 o) . == | — — i o X HT — :
o B %_ﬁ_ﬁoﬂ@ﬂ?@%% x ot om o
N ﬁﬂﬁkﬂi%ﬁﬁgﬂ o 2 Mo
5 v b 9 om0 S < m P
o 2 o.M BT g 7 W - ® B
oy RO RE o= W e T = do 5 §
o o oo - = S F LM M ! B oM N 2 %
T N T oy X TR ox oo N _
e T £y o ~ e A 9 Jo T = W - o ﬁXu gl ™
SEIEE LR R P A =228 8
™ " T = | o . R - ) Y
ﬂ,ﬂgomo_uw%%aw]ur%l%@% e
o X AU © o N WX X il o] o o
To oy o S =y X oH B g ol X
Mo of w A- SEN ) ol >R mp
T © o om B ox £ RE o T Yo == oo o T oy B9 e
NS = 2Ny ) " i F 4 B
@mﬂ%mn@xﬂhmqﬂmﬂﬂ@ i 5 om W N M
0 . s )
_owﬁ@%%m%xﬂ%wm@wa N A
L 1” =~ il O X X0 EI 5 L, e g = . N
) % o R o o= ok W m o i B o
r o J:mO m A..__n ‘OI _.#o ‘DI \m—.o H_t el U_Im LOT
X 8 W ¥ X = W X ot S T o X
N = o @ = T R W 4 O o
F w B K o Lo 9\ N v
S S T o= =
W oo Q[ =



o
S
X ~ Tl
U_Im_/J;Xﬁ
%Ju%mﬁﬂﬂuaﬂ
7_.{1_. T Ho ~5 o
BEHQA#O_/MMHM@L*
wﬁfﬂf?olgo%thz o BT
O1r],dax|1mjz|7um XﬁAq
22HO&OZT=_:W1_,_AI7N_.OWL »Ao‘m._u
@ﬁﬂﬂ&oﬂmﬁimw« ,%Mg_ﬁgz
uammﬂﬂA@LurmotnomiaomlE?ﬂ BT
AThlﬂﬂoX]LlJuoer_r 71A7
B 4gﬁgﬂ;A;Egyﬂogﬁ%gsﬂ;a
mo__of__ofﬁﬂ }E_ofﬂﬁ#liﬂﬂ&ﬂiﬂ 3 5
PE e E ¢ X T = P TR R M) 7w 5
ﬂ@a@aimxceﬂaux%ﬂlﬂoaohémwﬂAﬁﬂﬁuljwma
- = & ol 3 e 2 ~ w B X o v o i S =
mfiéﬂf?f:i}x; v s it
, i ~5 X Ry N T e o ToP o ) ﬂ E = T ﬁ = = T g
zo%lu 9TXB mﬂﬂJ;oEo} »1rﬁ1_. ;x
20% = OONE e L o = W ) 9
SN 2?N24@1 }E@f#moi
uLuaLL_zm - B D Agaﬂ ;umﬂ%ﬁqﬁma
l.—a%u.1x,ig ﬂ% ¥f sl T B
Qmﬂﬂ M7O£ @%_oﬂu@l? iﬂfﬂ 9
ﬁéé @mm\%mmﬁAﬂ%E%mgeeowﬁﬂﬁﬂﬁ_&;o
%OEOEEE&%@;LX%Mﬂﬂuranﬂﬂﬁamo@qo
7&0@.%&% EEﬂrdl X_E‘uqu Eo_/ﬂlﬁlﬁoimoﬂo
ﬂgl@11y¢ ,%L:mo oo = B & ™
T = oo R R + < B Lo R s o W 5 iy od o %
JM_M@%WE mmﬂwﬂo%wmmﬂvaEWﬂmwo
@Jﬂ7x wHﬂo7&uoLcoﬂ_.wrﬂxoMo7m|mﬂ_rm77$
1zaogxﬁ F & = A E_ﬁ%@ oy X
7&0%NWﬂ'1ruo N,D_Eﬂwmaﬂ;mﬂ :ﬁdﬁﬁmo
2w ow 3 S5z e - " oF X T H g v T il g
w Q OSZTJ_HHH»,EQ@A S
Sﬂ.ﬂ%ﬂﬁ(z = ~ 53 1?%%17
R ,2%%%%0_2 o Mo L:ﬂ_&oﬂﬂhﬁ%
4 T ﬁu.o,ml_&aio_/_nllﬂo ,ull.o
O o< T o x 7 o 4
m_.n_rmxﬂ,_]zxz_m Poaﬂ_.Lf__oT
(Eﬂw_%mqgﬂwTﬁo?n
o = W s X0 ! | B R
ﬂle_ﬁ olau o
<~ 2 aﬂﬁad}i
B O nmo__oTuLL,
F :v]kl.n_au
MJU:LU._*OOO‘U!E
& n1*E
ﬂ:&rOM.
mo}wr
7]
0

EEE

=

i

PR
OT_Q}- A
|9 A}

5]

pS3

A71el ¥

k2

7]



1

|

3}

9

olo] wa Ame AM AEE &7

TEI ATk

p——

g
ql
o}
A
T
2~
B
A
Ho
A
"=
B
52
L
o] 2}
]

,Ul. = N A+ H O_n a o =) e JHU
CR I OO I
N = o 7 <o jxd _— — —_— —
ﬂ_l N _~| \_ﬂ.&l _A_l X 1Xr0 ﬂm o ) 1:1_ = o
A R ¥ Lo Mg
o "R N LT * Ty
o W o Wy oo M- MM T % x4 ol
©ON T T B! TR g om
g NR o X o T F < o]
S - A 2} =0 O] g (R MW X R
0_1_ .A,__| o T W o "o m_wE o ”_M Hoox ,_.Tm o H_._ ]
oo b T = 7 2R T o
—_ wmoN qr 2t oo o s Ho
X - = Mo o =
— T 0 = =y = =t
R EXXxEow 2 Mop o B R T
I i =% 4 T G+ B !
LoF Ty SO (U S Bl o
Er oIl w P F_Esirzm
= o O G o< - T O =
o o = ) S T
) %0 O o) = el = X
ﬁo . ﬂnal 0_1_ = ~ —
= o W K ol oK N TE
L " s LT e L SO T g
5 o o (N w s o T AR
- o ﬂm o — -— - o —_ XO Py
BOROW 4 e A T g L o ® o
oo g T B FEdTg B
) % A S
ST I I ﬂ%@y%_dmﬂ@
_ O#E 1,” el < 1,” —_ .ULU J.ﬁ — .CI ul ™N
™ nE o hX i o -
o o < oo - BN o
1 n
oL B - ) #z B i mraw
Trze iz ® R
X oF M © © — » N T OB % E o
B R ARom O TR 3 T 6 T O o B



S o

o
T

73 A7l

[e)

L

Fla, 1971 71 o]

Al E A

Hlgbo] EABHLED, 2009).

1
|

, 2013).

Afn
o

NE

TR
1977358 199032 S H AW ol At ith

%
%

+
NP

o
T
A4
X

o

Ho

Bl

[}

3L

BANE ol %

il

3 A48 % el A

Pl o=

X
alg

iz =g, 2009).

0%

0

—

-
)

—_
o

o

OO]:

oy o

o
A

PRt "ol A o] o)}

9

A 3}

&7

]

==

b ey

9

2

Bk

]

o
1980 =+

=

o
2

TA R A, REe A, Fae A F

ﬁo
o
7

&

<

ey
T

FAHEG AR
Z AgHI.

AR tirled=4 Hf

o]
Iad. 1

=
—

9

&l

Ay
!

)

71

o=

AeH(dE =, 2013). 1
\=3e)

38 AA 7N

=

2= $=d W o Aol Sdnic

A = T4

o

HA| 7}

b2 A

s

=
=

|

T
349l 84

=
St T

9

/\]/}_i,
Ho}

|

)

L

FACIE o) 28t
SIee

=35|871%, AsAHH

737
AMEA A



20199 olFol tyB Al i) A B3 58
2 Aol FEAAG R of 1B NE 23} el
Aol Te YA WIBAFAE ABSHAT, 71ES] FEATIEL
e AAE U obhe tr1B4W WA HHe 9 HYT Eok

+
%0
rlr
oo

(% 1] =4 o718 98

AN A= g 4
rled, Fdd, &5 3 JAFor AT
BALE] s WAt FURA F

1963~1977d doll 71993k7] A8l AR

ol
%
oz
A
oL

BA Adelehs AvAH awom s @
APA 759 9 olay my)

FalgAHol wls] HAH & g3, Al

, A A S
IS0 | BARAN e eqel waTA Sun gesant
A EA
Aegel 7l edEdNE FEAA,
1990-84 | A BARAY | AEREs A 5 u PR
74 vk
HEEMA, QRN A% A9E o
cEd [dem AWR SauCA, AERHEIs
0298 | BABAANA o] AAE AT ATAAES 27, 5A 7
2% SU | FAEA B, AWA AISHHE N o

A e 4

B wel A e | B8 WERY oY Ade ARoE
2019-84 | hA1BAAH | Fehste] ABAANE ZASeivt 2l
B3 SEY | Aol OF B9 A AN

. 21



A2E AR FFTEA

B HolAe FFA = WA, F2 WE 2 =9 Fl o
3l R do FEAle FE=dd7IHA A8k 2003 5H 2019
WA 2 AY AAGRS tidez2 AN g7 Ld=d WEF o
A Aoty Y= 19908 HE thr|SA R Ao ZA%t] W=
SO AR Y WlEE sEAE AAEStE iy 2003d =W
=4 ti71¥e] OECD 7} 8 A F Aoz 7|FHH 7]& 1
A0 FEarAl AR A BRAdo] AZIHATHEAZHF, 2010). TAIE
SETA W] AL MEFTFe ATEA K AsEE uFd wiE

= g =4S 4

L
O

AE 24 dAsHa.
TEA e zes 5

A9 W= drledEde] =4 7|4
(‘_xl1

= AAsAT. 20068 A FAE A=5EA A A



(% 2] £=9 o7 d

A9 T A g9l
S REEE
AAFHA | SAT (A7 FFAL AL ANG A A
TH) Y T T T, B, S,
A | BTAAL FAA BGA, FUA, AA, A, YA,
PEA, QALA, UM, A, SIARA, oA, HEA
U, AL A, FFA, YA, AFA, THA

F @S EAE 20059 AWH A FAE MEFHIOY 20159 AY T £FE

TEAH7] |yl wet BA4F Zae Al 2z =AW SE A
A(olst, ‘A, 22 Af)ES T3l wWiEdE dred=d MEH &
g, TEHE ddel He =4 WY, 5 €9 7€ T AT ol

Ags FHEaAT Ala A 717k #HE gy 22 ZAAsE
(NOX)# #4bsE(SOxI R o] 5 A2zt A 7|3kl 20181 HA|(TSP)?
b F7HEAY. =58 T 999 A wiEAdE, dxEE A
e g AGAY 593t v, HAGAANEYSY T THHLE
aEste] FF 9 Aget 2 AT G T 5o

= AAHL v"oz Al A 10670 AFA] A3 E
65,308, 597 AFFA FFstE 22,8095, A2z Alg A= 2500 7
ArdAgell AAaAEE oF 40,000, 804 i AFA Al #F4kEE <F 12,000
TS 9stdth o] @9 i AGE EFY Bt 60% FFO]

o 58 13 AY A7 27) @9Fe dEFe] 201E s It

2) A= AA Z7]0) T2t £HA|(Total Suspended Particle, TSP), OJAHA](PMwo), &
OIAIRAN(PMZ.5)2 Wt SAl= QAR Alo] S0um ofsh, DJMA]= 10um olst,
Z0AE 2.5m o]stel WAlolh. EHAE o] & FUAS TA Do Aol

3) Z|AHYIR|A| D 7)< (Best Available Control Technology, BACT)S Ttj7|87d H X
A2EA1050] T2 7] e @AM 5 A AR £ 71&at vlehe] 7]% 2A ﬂ
542 st A& Jhset SEeAEAY WEAYTe 5 4%t 589 Tles
oJo] gt AR RATE, 2007)



FGEA7}F A7 H7 = sFEoraraa, 2019; o817, 2019).

TEFAY W JA AR 7IES AAY JdH FA AEKHo=E
ZsE Rk Al A 7129l 20073 7€el= 1% AEA F NOx,
SOx HlE&o] z+7} 30E, 2055 =73l AAYATS oz 3o 1
2 dge AP o olF 1:2F AYFE T

o] 4ES 2WHE AYFOE TY o

JI
=
Wz
32
IS
o
2
=
o
[\
N

g dAstdh A2a A7z 20159 1280l WiE o] 4EL
2R 13F A 2 BB AY FUEFA, A, AFA,

H

AA F7hE S8 At HeE dS s Allx Al
]

ANA = 2509 W&k 80 7 AMFAS Az ARt A Al GA
o Z+ A9 1-3%F APA9 Mre A5 AR & F goy BAH
A Az wEd 20159 71E FEEY 1-3F AEALS F 501014
ot olel wat 2013 AAIRE 22k A8 71FE oF 64%°] AlFAEol FTEA

of Feld e ¢ 5 AT, ARE FIFL A A

FAe A olFS FHEH] AT JAEBE AFsAT. £=3 =
AA et A AYE ES A dAAES e T 2 AR

of TUlE & AEF AT AR RTAE BBAL ALH )
% AAE Bl g APl MEFol FaSHPL of
W71 9N ARAYS ol BrARTHelsI, 2019). ok [
(% 31e 9 Uee 2oF e Al

4) B, ol NOx9t SOx B& F3 4 thiol © AlRIFS wefstal ghe Fatxlo|

o
=3

- 10 - M = TH



(9 1] 34 €9 Al d=

1A 2 o7 2E e 7=AE M Hr|BE e 7=AE

g 2K oY
| ] ] ] |
Y'05 Y'06 Y'07 Y08 Y'09 Y'10 Y11 Y12 Y13 Y14 Y'15 Y16 Y17 Y18
s
(¥ 3] A1 A 22k A vlw
AL A A2 A
=2 NOx, SOx NOx, SOx, TSP
A MEF 4E 23 1~3%
A

A &5 8T F

=& =k
heeees EEREE R Betste] 2%
EECEE L DRV E R
S}t u} Al d O A}SFTH Sk
T2 e 9AE e A9

_‘]‘]_

A & 1_'_“ ok 7
| = ] -



%)
2017
60.6
68.4

(2

2016
65.6
85.4

&

=
2015
62.5
85.4

A2z A ¥

2014
71.9
70.5

2013
91.0
98.7

2012
83.5
99.3

2011
69.6
61.4

2010
64.2
98.2

A1z A ¥

2009
48.1
97.3

[ 4] A1AF A" A2z A dd=F hn] bl

2008
45.5
47.1

NOx
SOx

p——

= oo oK T oo R 3 M =
! g By B RE R E RN |
W T mr = M L ~ = N "
o x " o7 o o o Wom N RN .
<0 C.._ X0 .b_l MWM ‘UI nm,IE ME C\._ H ‘_ll‘” T .|.J._H.
= oo TE R EKE g K
s oo RET o ¥ ®
= X ~ ) S X
S w %M w48 e P
S of B mm T B T R =
" ¥ONN B B TR KT T
= SR S S ok w X
S = M o 4 o= N N o = 7o JM.L
5 = F L e Ry e oy
< m ™ g — O T a — X
%o of °Z 4 2 D !
oy TC) Bod o 2% ® = K5 S
Tz ® - cwZiamwmEe® o
o = T o X2 o= o = T o W
e R Bl T S 7 T Mﬁ = o i =
W w_omd J:Al ,Iﬂ _nﬁ < o g ~
T R T = E do S B MW i MM < = N
® ol o ] @ N ¥
= o o a =5 W3 S
3 > rPEa 4T ER 2
o = g oo M o Vo2 ox oy
iy m Jl 7o XK o=l ﬁl ZT 0 Y
i B! T B ? L i M = or
o X —~ o o o o X o A
Z % AN SR R
ST % o oW oo B T
Y = 0 = HT i3 B = o © =#
LS K T ® o i Gl K B
" ™ N SR B
N " =3 T OHo B oW N X 5 W = oy



A= AHlA A2 2ol7t At AN F33 NOx Hied 49
g3 =T e JAHG AFol FAsit= AV AT Jiang
et al.(2020)2 FT=3 F=o] FAALZEC Hn2es A9E 29=d &

=
o] NOx W&ol M=o us) ¥ Fasddess Fach W
SOx W& A9 FEA 4Gy NFEd Y

v 20179 A& 2 7%, 8%)= Hol=H o= 20099 ¥ty 3~4
57] 7bs, 2015~2016d &34 5~657] 7lE, AR7IE A BH

U s E S WEolgta AXSY. B By

R
fr
(LN}
o
_|>L
r?
o
=z
i

-
Lo
to
g
of o
"
off
b
Ay
o
9
=
o
N
N
of
X
i
1%
o
1>
o

= #HdAs F= eSS &F Ad 9 ud
HZo] ARt AP 01D A i A wiEed do €%
o ftAlAel W FAAT] FR vhPH ez <ls) BTt T B4

=]
u
=1, 23 & 717ke] NOx, SOx Aejeko] o .
M H Fdo] A Ao BAL HEPLL FAUY. w2

NOx, SOx Ht A&717}F 0.3245/kg, 0.269%/kgellom o= FLAI7] H

1 i
- 13 - A = T



=9 wjE&AY A% RECLAIM® (REgional Clean Air Incentives Market)
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o] FEAIe HlszskAl A9 @9 7] LdsE A A
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o} AR Aeler FREAT AR QY A & A A

2o grledst WHe Aol AX, V1Fa 4N Brleds

©
al., 2020; Wang et al., 2019; He et al, 2016)3% ¥#HF Z<=(Liu et
al., 2020, He et al., 2016, "} A%, & 2016)& FA W2 AAsH
ATh AE AR A AG AN FE=d t71gE A SOx, NOx Hj

29 ASE FEIe] LPBAE A MEUY MBFS WIF £ 9

oA 711% NOx wi=Ze deHs2s A9E Asat FhA7E ¢
AR AxY Aoyt 20123 FH ARV EAsk= SATE Ao AF
A EU R tigsiith. AdddTe] = 9o It B AAWs
© W9 Ed w59 AHAH] FBAAYE JdttUiang et al, 2020;
Seo et al, 2018 Stem Van Dijk, 2017, Tong et al., 2016;
M.Vrekoussis et al., 2013). webA X9¥E 1913 GRDPE FAWMTE F

et dustegds $A%, A9FE A5 S5, 199 43

2 »



GRDPE =A B A o9 A87 FAst 2% =09 A8E F&

sl ole B ATl @AY 4 o A W AFAs,

Variable Obs Mean Std. dev. Min Max
SOx 17,685 0.0056895 0.0029836 0.001 0.032
NOx 17,636 0.0254266 0.009735 0 0.07

Ingdprealper 18,156 11.36931 0.8755496 9.690604 12.98523

Ingeneration 18,156 3.511708 6.364687 0 15.75109
Incar 17,684 14.02027 0.7001703 12.48496 15.56744
Intem 16,612 2.422807 0.9459857 -2.302585 3.367296
Inpre 18,055 4.103752 1.210266 -2.302585 7.030857
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Hy TR/ My Heddy APAT
. SOx =44 93T SOx &% -
=4
o NOx =42 997 NOX 55 -
=) Effectl 12 Z2A Ao 7 -
— E H _
) Effect? 903 ZA] Aol .
Ingeneration Aetstgibd A FOE He etal., 2016
Wang et al., 2022
d=d 9, 2018
Incar 4+ AsA sEUHF gk, A 2016
He et al. 2016
Almond et al. 2009
A Wang et al., 2022
Ingdprealper 1919 42 GRDP He et al., 2016
Almond et al., 2009
Wang et al., 2019
AP AF 71L&
ntem w8t 7] He et al., 2016
He et al., 2016
Inpre H T AoE

Hl g g, A, 2016
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d nAHEHNRYES FE3 olFAEEAHDDifference in Difference,

o] FAHTEA S AH Aol g AAAH aAE ZAHET] A
g F8Hes FA4Y d7EA ZReld B e Z83 dE3<
ATEE oA F7He IU =AY AYEAE UE I, AAYT
A= AYEo] B3 AF(Card, 1990; Card and Kruger, 19947} Ut

AAfF29 714 T8 AP Ao 9 A Ad(exogeneity)S &HE 3}
= ZAJd olE & 2)¥r}IA(dentification assumption)ol] gk 7 A o]

BasithEsA, olAE, 2019, o] FAEEA FHFe] AHxAL W3

ZFA 7F4(Common Trend Assumption)ell th3t HES Fa) W A1 =
gotd 4 ok o] ZpAE "Href FAo] AP EZA FUTHA AH T3
Ao A& e Hake] Ax W] gho] A A8 HEE w3t
FAE BEAS ATolgte 7HAoItHERA, olAlE, 2018). &, FFA

S 31T & Q= Aot maEkA ofy [ 319 2ol 2
2010 1¥71A SOx, NOx =EH3E ARy F SdEd v 5%

g A Ad A=l 20079 7Y A7A FUFAE A o &

A= AT
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Yvi,t :a’+BXZ‘,t+/li+€l‘,; [/'\Jl 1]

IZENEYS 83t o]FAEEA S Al fsl TEH Tl A
g3 & grse] dxds AT 2 ATl HFHoE A
RS [4 2]9F 2o ofd [ 219 p,7F BAAYY saH)E *
At ot

Y;, = a+Biyear, + BEf fect; , + B X;, + 14+ €, [2] 2]

A4 AT+ AHfe} v
AE a+ 2%

A Ade 53 2o [3E 919 D, @) €2 1A g5 Al ¥
< NOx &9 W3lE HoFH (3), @) d& 23 &9 A3 %9 NOx
TE W3S HAFH (0), 60 €2 23 A8 d= HA F NOx %
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(D, ) 8] gho] Hoj
AT SAE] 7,

#AE BEAt. 1909 GRDPE

NOx (oom) 13 @5 7|z 27} g 7]z 23} A8 d=
X (ppI1.
o) @ 3 @ ®) ®
Effect] -0.0020%** | -0.0021*** | -0.0030*** | -0.0032*** | -0.0030*** | -0.0036***
(0.0002) (0.000D (0.0002) (0.0002) (0.0002) (0.0002)
Ingdprealper 0.0104*** 0.0103*** 0.0103***
(0.001D (0.001D (0.001D
Ineeneration 0.0001 0.0001*** -0.0000
& (0.000D (0.000D (0.000D
Incar -0.0001 -0.0001 -0.0002
(0.0002) (0.0002) (0.0002)
Intem -0.00147%** -0.00147%** -0.0015%**
(0.0001) (0.0001) (0.0001)
Inpre -0.0004*** -0.0005%** -0.0004***
(0.00008) (0.0008) (0.0001)
Constant 0.0301*** | -0.0838*** | 0.03010*** | -0.1068*** | 0.0301*** | -0.1068***
(0.0006) (0.0116) (0.0006) (0.0146) (0.0005784) (0.0146)
City FE Y Y Y Y Y Y
Time FE Y Y Y Y Y Y
Observations 17,636 16,084 17,636 16,084 17,636 16,084
R? 0.1845 0.3990 0.1668 0.3917 0.2272 0.3748
w5 €0.001, ** p <0.05, *p <0.1
I "
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4 20 BASY] S8 AAEARYI} ol FALYA ] BHL A g3

Aouy, B AT YA TEA £ /49 wd W4l 2AE s

o 28y dA AR HlE LEEEY e AN ARERIE 3
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a2 714 (Pollution Heaven Hypothesis)& 2 FoFA A)|ZF o] A4+ =
t BAZFo] SAFAN Ao r =23 Ao oldHE NS
EIH(A A 9. 2013). o] el wEd AX=e] &4 A st
A= W 7199 84 A oldgu LS FI7HAIZI7] dEel 71 A4
&S AU F57] S8 FdH R AAV|Fo] =& AxToly F
Hxog 7S ol AT B3 =3 HARl=ae IAF93% 4
N BAHES Fol7] sl "wHA" o =X HY] s =Y
g Zola ARAHoR A JV|Es AAHOE PFFe HigoR] A
A7(race to the bottom)ol] WLAIA == ZAo|tH(HZ+ 2. 2013). &<
EA7tAdel  AFEME OF¢  gFdAH FAHForeign  direct
investment, FDD<¢] & oA A= M=, HWFS oz 13
Holgtth sFAIRE H A EA tE AAA #Alo] FrhErel wet

b}
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= o 7+ 87 A 9J(Environmental Justice)Z 1 =27} kst
F Atk I 9oz FTFA AY o] 7 Adx d AHA AY ga3rt of
W 7F=A] AR AT (event study) ]S 83 = o} T
WHES &8st A Ad A= O a7 vehde dx 1HY A
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2
ol

flo
i

- 33 - ] 21



173

|
u;g

TEAQY), BAFAALY A3z FrAAd e A, [
74 AAT ], 8(4):123-147.
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Abstract

An Empirical Study on Effects of
the Cap-and-Trade System on Air
Pollutants in the Seoul Metropolitan

Area Industrial Settings

Jiwon Im
City Planning in Environmental Studies
Graduate School of Environmental Studies

Seoul National University

With the growing public interest in environmental issues,
South Korea's air pollution regulations have developed in various
ways over the past 50 years. In particular, the Cap-and-Trade
system on air pollutants in the Seoul metropolitan area industrial
settings is meaningful in that it is the first air quality regulation
conducted at the regional level and controls the total amount of SOx,
NOx, and TPS emitted by industrial settings. More than 20 years after
the implementation, the system is being expanded nationwide in
recognition of its effectiveness.

The government has published a number of papers regarding
the achievements of the regulation. However, these papers have
limitations in showing the causal relationship between policy

implementation and air quality improvement in the Seoul metropolitan

_38_



area. Air quality can be affected not only by policy implementation, but
also by various external factors such as economic growth rate for the
year, technological progress, and environmental awareness of people.
Therefore, appropriate control of exogenous variables is essential to
evaluate the net effect of policy implementation.

This paper empirically investigates the net effect of the
Cap-and-Trade system on air quality improvement in the Seoul
metropolitan area industrial settings using the fixed effect model with
difference-in-difference. The results reveal that the concentration of
NOx in the Seoul metropolitan area decreased after the first and
second credit allocation and the implementation of the second year
plans at the significance level of 1%. In addition, the decrease levels
were increased which implies strengthening measures such as gradual
reduction in credit allocation improves political efficiency. Nevertheless,
several limitations are remained, so continuous improvement is still

needed.

keywords : Cap-and-Trade system on air pollutants in the Seoul
metropolitan area, fixed effect model, difference-in-difference, empirical
study
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