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| Abstract |

We analyzed the correlation among the GHG (Greenhouse Gas) emission, energy consumption and
economic growth for the 6 specific regions in Korea by using Panel approaches with the test of the
EKC hypothesis. We also analyzed the effects of environmental regulation on GHG and economic
growth. The results show that by testing of the EKC (Environmental Kuznets Curve) hypothesis model,
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the effects of the environmental regulation and the structure of industries on GHC emission have a
significant result on the regional analysis for SOx. For the NOx and TSP, only TK region passed the
turning point of the EKC among the 6 specific regions. And, for the Co, the Central, Honam and the
PUKN region passed the turning point of the EKC. This is because GHG emissions by the environment
regulation had a weak path effect and also regional industry structures had a weak relation with regional
GHG emissions.

I Keywords | Economic Growth, Air pollution, Environmental Regulation, EKC hypothesis
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EE 12155GDP] Sox Nox TSP cO 0C REG | POP | LOA
SEa 1,000won | ton ton ton ton plali b=~ JHA [l index
LE | 14090 | 66727 | 75757 | 18673 | 77129 | 4679 | 2717 | 2869 | 10045
o | 24k | 6150 | 69917 | 51331 | 226% | 106626 | 42286 | 2647 | 2632 | 10362
=7 [ ATt | 41133 | 320308 | 234968 | 149032 [ 1423434 [ 1565197 | 17965 | 11248 | 47798
Azt 56% | 1072 | 9018 | 44 | 7566 | 5511 158 499 | 00174
HE | 1400 | 61512 [ 114659 | 14145 | 164364 | 6252 | 549 | 7015 | 05213
sy 20 | 3758 | 56562 | 48078 | 11864 | 124272 | 2032 | 4643 | 3568 | 0202
T ATt | 23334 | 20852 | 219331 | 53255 | 639600 | 96303 | 17955 | 11248 | 09450
A2zt 8029 | 5533 | 30024 | 2194 | 45218 | 27985 | 1328 | 1710 [ 0113%
L2 | 13924 | 033 | 61444 | 21305 | 4236 | 40803 | 2089 | 1550 | 14465
ooy 20 | 5267 | 49724 | 53806 | 31263 | 16614 | 4016 | 1108 | 277 | 03139
ST &mgt| 31675 | 200640 | 234968 | 149032 | 101884 | 123997 | 3864 | 2040 | 2.059%
ozt 6419 | 1428 | 13150 | 710 [ 19566 | 8176 | 517 W4 | 06t
EE | 12823 | 60362 | 60184 | 18418 | 46722 | 86641 | 1776 | 1779 | 20461
ey B0 | 499 | 83077 | 47691 | 28368 | 26170 | 59511 | 7% 39 | 17
TS gt | 26517 | 312613 | 173049 | 66036 | 130911 | 1565197 | 2943 | 2599 | 47798
Azt | 56% | 1072 | 10746 | 486 | 14870 | 6412 | 438 1079 | 00174
HE | 1286 | 66653 | 72024 | 22210 | 64634 | 24846 | 2612 | 2584 | 04728
| 2 | 5228 [ 75208 [ 42007 | 26768 | 2150 | 7617 | 1282 157 | 02763
ST gk | 26151 | 24285 | 150914 | 68396 | 113972 | 3479% | 5089 | 283 | 08187
Azt 6762 | 5052 | 26253 | 1736 | 3776 | 13901 | 764 | 2230 [ 01870
L= | 18389 | 109612 | 9647 | 19877 | 96477 | 65306 | 2550 | 2557 | 08310
ooy 20 | 10177 | 82888 [ 40443 | 19626 | 189384 [ 48130 | 1528 | 1477 [ 07572
SE = &mgt | 41133 | 309303 [ 185307 | 72905 | 1423434 149087 | 5317 | 382 | 20062
xagt| 6117 | 22230 | 21572 | 2514 | 24369 | 28167 | 429 731 | 02076
BE | 12075 | 34250 | 30444 | 1697 | 29035 | 13131 [ 1325 [ 1019 | 04468
z | 20 | 209 [ 37317 | 29219 | 20994 | 20461 | 5740 | 1161 504 | 01039
Mz [ Hogk | 17471 [ 104701 | 82070 | 53842 | 79231 | 21454 [ 4030 | 1653 | 06470
Azt 6498 | 2233 | 9018 | 44 [ 7566 | 5511 158 499 | 02446
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aejar s Aol qlojA MgE7E AFBATE E2QFTE GEFAg AR
skl &4 2o AT 7ol Aok mebA <& 63} o] SYPHsE] A
Aag B2l A1 A4 534489 2A= fle Aes gelgch1y
| 26 s2us 2t g
121EGDP 0C REG POP LQA
121Z8GDP 1.0000 0.6504 0.0939 -0.0360 0.3764
oC 0.6504 1.0000 0.5053 04264 0.4552
REG 0.0939 0.5053 1.0000 0.6987 0.1207
POP -0.0360 04264 0.6987 1.0000 -0.2339
LQA 0.3764 04552 0.1207 -0.2339 1.0000

93 AS A E EKC7HE d53 2489w 27 9d 3] 724 (panel
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13) 22| HZ2AO| S8 X0ttt M2 CHE Z7|HSF7], XHEE Exifst= Tt M S0l 2X0| ZE 0 {9
ZE LIEHZ| OfFEChs SAIF0l US.
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1) EKC7HY ZZ % el 33

Sefubel AER BKC/e] A-SHT QXS 218t/ $1s) @) olgstu
A} ek EKC7HA O] Shelat abgol B2 $I8)As B47]3be] 204 o] 4o] A7)
2 dAEojof 3t} 3X|HF A e g HHE HUHHS9) Data setd] 39 AHHS
7} 90T FHHLE UE}] tlge] BE R4S 48T A 7|EA0] o2 v
o] olth. wela] A 72 ehs ol THas B o] 93l EKC71A 9]
selojol We AebgS 2Aska} Tk ohebA AR ofd A@)T o] the

o

s} g = 9le.

log(EM;,) = a;, + B,10g(Y;,) + B, (log Yz‘t)Q + B3 (log Y;t)g—*— B, (Pop,;) + €, 3)
A7) 7F2 1989 KL E| 2008A7FA| ot} WA, <3k 7> 4 H o] SOxof 3l EKC
7HdE ST 24 23, sddd AEATFE AQstalis 2% SOxef disfA EKC

LS|
7}do] sk A0 UEThe =, of UxY djele] ZAJsks 2L ojugit.

9 Z

AEHBHLS AuEE Y Sl Y £ o eht, SRl 7Y
2o o uehith B4R ZUAFAL A5 grol §ostA @] o]
Hap] ol &, gAskEe] st AFAE HYUSE PSR 5L
Zol7] Sgt Aol FI} A ACR WAL A% 270 YALE o
3 GASHE B0 FIAW £50F0] o= AT HSAAS ), GquEL 7
E3517] 913w EF AYHD Ut AoR uEn

J0| Aol 8|7 R0 2 249 Al tAAHeol XY
) r M2t 2 A70|AM= period SURS Sl A|AZ0IA LiEILIE EXIES
SHieta, XI | —’?— 12 E510] X|9X ™S IE X9 ALFHOZ LIEIL= HHE AIRIMSS AF0|| ws5|n
Xt it
16) EHHHZ observations=7} 40[8t 0|R= 24 2zt HAHEZ X|XIX|Q| 47} Ct27| R20|H, 22 XIXtI4-2| #Holat=
ar(N&e] MR wat =2 LEtH, Ol ZE AS2EAMN S22 HEH
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e
| 7 soxol ti8t EkC7te AZ
SOx e N =23 Set iz T ETEY T
oala) 0816 16488 444, 15385 1962.1* -127.0 5242
(0}
s (0.0279) (0.0085) (0.0994) (00193) (0.0831) (0.7609) (0.4340)
o) 0.0 1746 466 1506 048" 122 573
o8l (0.0300) (0.0280) (0.099) (0.0201) (0.0854) (0.7753) (0.4305)
oat)’ 10106™ 61655 16266 55017 7 1044¢ -0.3862 00875
o8 (0.0320) 00075) (0.1002) (0.0207) (0.0876) (0.7900) (04271)
-04090 38391 51592 -06074 57306 04776 8071
log(POP)
(05379) (0.0330) (0.1158) (09301) (05617) (0.7308) (0.1220)
R-squared 09938 09936 09973 09799 09957 09862 09974
DW. stat. 01668 03585 19586 20039 06822 19079 6146
EKC7t YES VES YES VES YES NO NO
20
AENSIH 1241 1123 1175 1240 1203 1850 %9
observation 306 60 58 40 40 50 40
F1) FEE 1o A Fog, R Fo| A FoE, *: 104 52T
2) ()= P-valueg 9v|g+
ofeff <3t 8>of A Eo] AAASHE(NOx) | gt EKC7/HEIHS5-& ¢t A3t A=ty
I G Eet M o] et Ao vEebtal, A5 ES Aoyt 147, A dS
120.391 Zo2 eyttt FEEL A FAAZ BAZHCRE FostAAIN 8,>02
B,<0& FEA7| A= H5hgT) 0|9 78 A= NOxof| gt FAI7F A2 ZwHoj
A ZAgAolA Eok Aoz B 4 glon, gIF L A3t g HHo] AEpFo]
Aol wel NOxuj & E3F o [3] F7ste A1 Ao 2 kgt 18 -
H2 0] BAA ool 3t AR YErgt=d o] NOxof| lojA] Q149 HAAZ
577 2 TS ujA I Q= AR Holy, o] AV g7 LdEA S A
7= ARG o 24 9L vt B 4+ Qloh
| % 8 Noxoll th8t EKCIHM AZ
NOX N= = =23 SEH CHE® sz Pagia VS| ES
o) 669~ 9506 -3084 -739 1962.1* -3806 2003
0
W (0.0204) (0.1998) (0.1008) (08591) (0.0831) (0.0481) (04204)
. 67 1012 421 75 2048° 300* 201
o8ty (0.0062) (0.1948) (0.1016) (08641) (0.0854) (0.0466) (0.4545)
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IHE2AMs 0|8st 60 HYEE 7| @E=Z0l st 2HAXIt BAME Zte] ASaHaEA:
EKC(RHEE=Y = M)7IEE SR
NOX N2 = =52 = CHE T == SN =
(log(y))® 0.2254* -35606 1.4756 -0.2498 71244 -1.3307 06768
o8l (0.0319) (0.1898) (0.1014) (0.8710) (0.0876) (0.0450) (0.4832)
06269 05418 0.7617 53063 5.7306 0.3259 1.9197
log(POP)
(0.0000) (0.0000) (06743) (0.0000) (05617) 05172) (0.0000)
R-squared 0.9998 08114 0.9945 0.9993 0.9957 0.9993 09974
D.W. stat. 2.1140 20004 27317 1.8628 2.6822 1.8628 16146
EKCIt
P YES NO NO NO YES NO NO
= MEE 1470 114.3 1140 1374 120.3 1312 1453
observation 306 60 58 40 40 50 40
FoD) el A FOR, HH sepdel A FolR 1 10%amdl A folR
2) ()& P-valueg 9|3t
o g <E 98 o) & 4 mol FAA(TSP)) td EKC/M A% A, 45
of sfA i SAXHCE [o ﬂ?ﬂ WEPEARE A EKC7HE 527121 6,>03
5,05 THEA7|E AT A% vy AR gegth R 9 AGe
W2 EKC7HE & 55X T 724 &4 ol EKC7F S53tthal B 7= o
o 4719 NOxZ el vl aajaks uf 3 A A 255470 45d42 779
agdol F7leke d9e® wetET, 1 9 X9 FajuiES 1w 913 k=go| ¢

| 2 9 TsPol thst EKCTIA HS

TSP g T SR S cHE= o=t ZRA=
log(y) 447 17 4370 -R11.3™ -739 22748 9825 3402.7
(0.0038) (0.3685) (0.0049) (0.8591) (0.0020) (0.3697) (0.4605)
(log(y))? -46.7* -433 28885 75 -239.8™* 3106 1102.0
(0.0036) (0.3949) (0.0049) (0.8641) (0.0019) (0.3558) (0.4627)
(logy))’ 16268 14198 -30343™* -0.2498 84217 -316737 -119.0615
(0.0033) (0.4247) (0.0047) (0.8710) (0.0018) (0.3571) (0.4657)
0.6523 0.7628 106261 53063 174616 10732 42827
log(POP)
(0.1947) (0.0000) (0.0046) (0.0006) (0.0102) (0.3588) (0.4689)
R-squared 0.9902 0.991 08233 0.9993 09915 0.0000 0.8364
D.W. stat. 2.3464 21769 1.9111 1.8628 1.6879 12.8444 1.4591
EKCT+
~2l0]s YES NO NO NO YES NO NO
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TSP H= +EH =5 sEH CHad sS=r Panuts|ES
ANt 1195 156.1 49 1374 1148 49 47
observation 306 60 58 40 40 50 40

1) FEE ARpEo A FAT, T snpEol A A, i 10%FEolA T
2) ()& P-valueg 9u|gt

{1
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olN
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[
(@)
@)
1o

A Er O 2 <3 10> 4 H5zo] AAkeheray(CO)oll Tt EKCoH:
A5 A=, =, HAdd ALAFdA EKCY o UA sfjdlo] EAjstes Jlo=
LFERL T SOxef mh7FAI = CO 7 A2 o2 iAo aeo] WAst= o
SR ey, A5ASHE sl 7MY &1L JdAFde] 7 Wk

o|e} Zo] g7l efd=Hof s EKC7He S dASelld 243 S7dy sdde] 7
- 25T AgEgle] FefHiEe] Eske AR & 4 Alal, 12]al SOxek CO9

&

A v @ 2S4S o A4 2} &

werEo] olo] Y@ tigo] WaT Ao WL

| 2 10 cooll that EkCItY AB

CO H= T SR S cHE= o=t ZRA=
log(y) 131.3 6731 271 -33 1738 2985 18489~
(0.0361) (0.0234) (0.8232) (0.9881) (0.5405) (0.191) (0.0001)
(log(y))? 137 -69.8™ 24 04 -182 300 -197.4™
(0.0355) (0.0255) (0.8494) (0.9855) (0.5409) (0.1996) (0.0001)
(lo8))* 04757 24094 -0.0682 0.0409 06348 -1.0018 701727
(0.0344) (0.0278) (0.8782) (0.9604) (0.5408) (0.2028) (0.0001)
0.8623™ 0.7242°* -0.9204 34199 -143% 06157 1.2307
log(POP)
(0.0000) (0.0000) (0.5801) (0.0000) (0.6779) (0.1495) (0.0000)
R-squared 0.9983 0.9991 08168 0.8109 09479 0.9982 0.9935
D.W. stat. 23127 1.9385 2.23% 1.9362 21338 2.2835 1.7099
EKG7E YES YES NO NO YES NO YES
&0
LENEE 1215 1243 2126 00 1189 1455 108.1
observation 306 60 58 40 40 50 40

D K 1%REo A FY7E, R serdol Al FR, Fr 10%Eol A SRt
2) ()= P-valueZ 2u|g
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Z1H o2 gir|eds S7HI7IE 852 AR, B3 Hod A7 tir] e
d=d 44aE Aol asF o= giAshil J=AE AHEY] §f5te] A@)E ol8staL
Ab qhet

dlog (E’Mt) =a; + ﬂldlog(Yit) + Bydlog (Fuel”) + Bsdlog (Reg“)

+ Bydlog (Popit )+ Bsdlog (LQit )+ €itr “4)

Ay NI R FEHS Ha HoR B Hel FNE RoET BAUE
= 1998\ K1 E] 20087t o] v], T 7] S ABAH ]
ettt 9tk

| 2 11 soxa7tol ojxl= Z™LQ

Sox &= == d ES s CHaH ISi=t Az
diog(y) 09054 -3.1274 -0.7160 0.6427 -6.4546™* -0.8981 -2.3376
o (0.0050) (0.1240) (0.1004) (0.4228) (0.0000) (04115) (0.3381)
dlog(oc) 03077 -0.1093 06560 ** 11438 2.2893™ 0.8782 -0.3969
(0.0759) (0.8633) (0.0311) (0.0251) (0.0234) (0.1301) (0.8016)

diog(reg) -0.0223 00234 0.1189 00549 0.2419™ -0.03%4 0.2141
(0.5505) (0.8957) (0.2676) (0.5003) (0.0327) (0.7157) (0.4382)

diog(pop) -1.3553 04065 -0.0565 0.3380 -40.2979* -9.7814* -6.8730
(0.2910) (09162) (0.9871) (0.8324) (0.0000) (0.0636) (0.6560)

diog (i) 0.0980" 0.0078 0.4878™ 0.3286" 0.1762 0.1463 01176
(0.0732) (0.9814) (0.0001) (0.0022) (0.4049) (0.6020) (0.6260)

R-squared 0.1614 0.1517 0.7963 04742 0.8991 0.2243 02510
D.W. stat. 2.0336 1.7692 1.72%5 2.5556 16141 2.7460 1.5596

observation 144 21 24 24 18 24 18

1) FEE AngeEo A FoFE, *F sngrol A FAF, *r 0% A FF
2) ()& P-valueg 9|3t

17) ZAFK0l0)| o5t
083t Aojl s
XL, EH7

2440] R-squared®] 20| EKC7H 2459 haitt B1R5| Sl LIEHE=H, Ol 310 22 log#4-E
Of FAI7} AHEE log#4- B3I | 20|k RHEE logi4i Hio] Az olslel 0] Hof
B2 SN XILSHR| S WA SR 0142 S12HNI717| H20] WS R-squaredollE BT
0I3I%Ct.

t
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WA <E 11004 BEo] SOxo| that S dquen FAZNE B 24 Auy
o] A% 1919 20| SOx9} ¥()2] TAS bl whet 20004 o] FHE = AAAE

m§
ol SOx ] 71—5— o g 4 slos, ol 9ol LARIAY AR A SOx

209 BAE ARG E B A SOn
ok EF SAE LQASY H(H9 BAE At A
A3 A9Q5E FAY Bayo] ke Aow Bl

AgEz wy g del 535 AAMAC] U1E /PR griwt FEAA
A eba qlgleh. 2o n ARy ge) FRY, 59, 4 EY ARt

g A9 SOxE S7HA7Ie A2 Yehydt. 2| g7 e A5 71H7F SOxet
B BAE Eoli A=l ol Al STt 23 Hirledol 4
71" Skl WE A W7t Erhe AS AART 2
o] QlRef SOxTE F(-)e] HAIE 7Hd ol whet IG5t whE A
S7keke 2 Aol gle Ao dddn. 81 %:l%]ﬁr sede] LQA47F SOx
AW EAE B

Heof
=
A B3 wAEEo] ke AL AL 4 YT

N
N
B
9‘11‘
i
N
517
ke

| & 12 NOxE7t0l Dlxl= ZHL9

NOXx a= S| =2 o= CHET g SN =

dlog(y) 0.3500" 00198 176147 08123 25838 -11110 1.3693™

o (0.0640) (09832) (0.0024) (0.329) (0.0439) (0.2856) (0.0344)

dlog(oc) 0.1845™ 0.7212" -0.4648 1.2027 1.1124 06512 05733

(0.0164) (0.0168) (0.1538) (0.0326) (0.3102) (0.2472) (0.1501)

dlog(reg) 00747 0.0450 04463 0.2471™ 03124 0.0436 00133

(0.0028) (06878) (0.0010) (0.0293) (0.0373) (0.6833) (0.8339)

dlog(pop) 04854 1.8445 -1.8368 32350 -14.0215™ -6.9249 -5.8928

(0.2160) (0.3331) (0.7345) (0.3899) (0.0449 (0.2300) (0.1363)

diog (lan) 0.0856™* 0.0463 -0.0458 -0.0062 0.2565 0.8620™* 00216

(0.0028) (0.8078) (0.7343) (09764) (0.3637) (0.0002) (0.7113)

R-squared 0.2466 0.3035 0.7231 0.7126 04535 05524 0.6425

D.W. stat. 20744 1.8968 2.3344 2.9493 14838 2.0252 15733
observation 144 27 24 16 18 24 40

F1) L pgold §ot, 1 supEold §ott, * 10n5geld Ao

2) ()& P-valueg 9|3t
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Petdadet Zrdd 2o dsEAEA:

5ol NOx37ho] 4%g vlAE 2158 Amuy Augels 18
©2 Upeh}, NOxt= o}%) EKC| A3Hg& ALk
N S N A LQXl¢7} BE )
mxs A2 et NOxel sl i 5gdel A7k 48w w
AA% FAVL Bag Agos et ach 59 A
NOx®] %7tell Houig-5o] o
FAAE Bag Ao sy,

o
Y
o
o Hu
el

| 13 TSPEJtol ojxl= ZHL0!

TSP &= TEH ES s e ISi=t Az
diog(y) 05137 50179 06034 0.6908 -5.2102 -3.1082* -6.3365"
(0.3072) (0.0890) (0.5188) (0.8546) 0.2377) (0.0030) (0.0976)
dlog(oc) 06079 0.4611 02579 94733™* 06316 1.2314™ -0.2255
(0.0027) (0.5574) (0.5652) (0.0027) (0.8453) (0.0187) (0.9208)
01121~ 0.1461 0.3001 -0.1644 05249 -0.1642* 0.3737
dlog(reg)
(0.0312) (0.6026) (0.0966) (0.7350) (0.1352) (0.0890) (0.3178)
diog (pop) 0.1476 0.7333 26492 467771 -46.0408™ -4.8063 -19.2970
(0.8920) (0.8942) (0.6623) (0.0554) (0.0189) (0.2222) (0.4391)
diogliqe) 00619 0.1540 0.2858 1.3957 0.5901 0.7883* -0.7523™
(0.3948) (0.7575) (0.1382) (0.1425) (0.4462) (0.0015) (0.0498)
R-squared 0.1941 0.1767 05529 06892 0.4656 0.6093 04661
D.W. stat. 1.6042 1.6428 16116 2.2819 1.71% 16719 16650
observation 144 21 24 16 18 24 40
F1) U 1weld §oRt 4 snEeld FoAR * 10n5Eeld Aol
2) ()& P-valueE 9u|gt
<E 13> F3}o] TSPZ7bo] IS n] A AH RS Avju TSPe| 49 A
B oM ouAzbet FAIS7E A B#AE 7HAAL AR, =, FHE,

FUAFBE] 1905 253 TSP7H £()S) BAS 71l ueh 515 A2} TSP 74
L EKC7Mdo) st Aad E3 A A0 R wetE 1eu AGEE P

nRA e F8 8dlse AuEd ‘a”ﬂ 5‘*”«] OﬂLVV\‘ﬂ] sede <l
2y
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| 14 cozvtol mxi= z2me

O Nz ~e ey suH CHan setA | ZemE
oot 06780 | 00180 | 19796 09537 04788 07672 -08835*
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