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Analysis of Nonlinear Relationship between Environmental Pollution
and Regional Income in Korea through Panel Spatial Durbin Model
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Ji Uk Kim
QOF & A= Z7t0|=M(spatial dependence)g 12{6t= IEZZHAZZHS 0|2510] 19884
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SO HIMEHAE 2MGIUC S L A D FSIE SA|0) 124E E‘z-i—l Z0ilA SRS
IS 240l SZHAZE-H0| EXfdh= A E LIEHE T IESEEIZH(SDM)0| 2 é ZARyo= T
BEQAC}. EFX|HO QFWER Qs FHX|HS HIE“"ELKfeedback effect)t QIEXIY XtH|2|
QAER Q= THgEiKspillover effect)NHX| BFE HIESHE £ SUHRA0A LQIY M40l U5}
Eta, OJMBHEA, OFAMIIA B0| Do SEFRMXIHE(EKC)0] 7| ZEIACE J AM7H LHE S
QFO| LhA| B715k= NAL YEHS 2OIFUCH Lo QEUIE | SEFHEZ 0N LMSIEALL O]
AMSFEAO| FR AIZH0| X5 XY ZH HIEARE QXIS L SHHE D Y (ME)S HH 5 tHE0|
Stok= BL2 22|11 YASS oIt
SHAITFH|Of: SZZEY, H7|2Y, HESUHHIRY, SAFXL=JHTH
Abstract: This paper examines the nonlinear relationship between environmental pollution
and regional Incomes in Korea during the period 1988-2014. We allow for spatial
dependence in emissions across 16 regions to consider the possibility that a region’s
emissions are affected by those in neighboring regions. We use the panel spatial Durbin
model with both individual and time-period fixed effects, and use three different per capita
emission samples: carbon monoxide(C0), oxides of nitrogen(VOy), and sulfur dioxide(SO).
We find that air pollution is significantly influenced by the emissions of neighboring regions.
From the total effect, including feedback and spillover effects, there is strong evidence for
the N-shaped relationship between per capita emissions and regional incomes. From
stochastic kernel analysis, the per capita CO and NO, gap indicate a tendency toward
divergence in regions over the entire period.
Key Words: Spatial Dependence, Air Pollution, Panel Spatial Durbin Model, Environmental
Kuznets Curve Hypothesis
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ZBA7E gt wet AL Z71gA A= T_ 73029} e Q Aol
S7hI7E 978 a5rEs AUHA 24E0] st 2742 ol 7

Aot P F2Y 22347 (Environmental Kuznets curve hypothesis,
EKC)oll &3t A7} A|EH 05 o]Ro| A gt A5 e A7 B
+ QUA FEIY SA FHI, E= NA FHIE BA SHGA7} w2t dolst
A YeF L Itk(Stokey, 1998; Kelly, 2003; Pindyck, 2002; Kijima et al.,
2010, 2011).
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Tz Holet EUAFEFE AA b AHE SH5Hth 314 o]
AT} F7HA A7 A (spatial autocorrelation)S 1 85Hs F7HAAE
F(spatial lag model, SAM)T} &7 X% (spatial error model, SEM)
Y BA7IHS AT SAMZ S50 SR A7 1SS oL
gfsto] o F7HA )] S 2 Ho] FH F7HA )2 S A vA|=
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SUABAALGY et WS ATt Qlth LeSage and
Pace(2009)= & 5719] &7 2 o] o] %et X 9] A A £55F
5 ofy e} 7|8 sYHE M JFE F1EE 5 dtke 7t
% stollA SR SHHSES Zote SUAIAEF Y A
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T dSDMEF S ARESEaL et AA, HESDMEA M E i %Xé
AgE 1 Qu|E wdstal Qo & AoA= SR Ao A
4= B9k ofyzt AFA IS AH A FZ 0] TAYFH A Qo= Eote
+ ¥ g et ?PSX]Q O RREO| w3 a REE Xidols & A
= THspatial fixed effect)?} A7t a7}
(time fixed effect)& %—/\]Oﬂ IEstY Y= ot ) XA, SEF
AGE ol&sto] A 7t LAMEFY AR RE AT
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Q1t}.2) Rupasingha et al.(2004)
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D AR A AR, /I, EAIFR, LAAZ HE 59 X]Odg ER =
£ EZEHA) gt A7 E 9 G SolA doju= AAREY B4 1A
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2) ¥ =FO 2= Rupasingha et al.(2004), Goetz et al.(2004), Maddision(2006),
Burnett and Bergstrom(2010), Hao et al.(2016), Evans and Kim(2016), Wang Y. et
al.(2017), Wang Z. et al.(2017), Yang et al.(2017), Zhou et al.(2017) 5-°] Tt 4
(spatial effect}& T HsFAYU s EdF3 S 550 HAstL ot



IESEHRES S35t BAOAM B3 XASIS| HAHZARY = 127

A& 51Tt Maddision(2006) 1367]1%-4 SR T AAASHE9] BKC
AN FH=R7H] QPEH TS Tethe A2 AT Burnett
and Bergstrom(2010)2 w]=+ -.—(state)?_]' T7HIEAS 1T o o]AksH

k4 9] EKC7F 2R3 WA Kijima et al.(2010)= EKCO] ©HAE
o] Hdlo] A/NHES /NEsH =T, EKCY FEHe= 8 é‘?ﬂq
A g739] Aol et AR E et AoHst, FES A File 9
o] HeFE Foto] o]FojAH SPEE Yepdthy F46Ht Hao
et al.2016)0= e SAFEF S o]&sto] 1995 FH 2012W7H4] &
= 2971 A|9E o E AgkaH]of g EKC7HE AA A 37He)EA
< 1T o Agetin|el ddd GDPeEe 9 UAPF &A% E At
Evans and Kim(2016)}2 584 37t $id g o0& ofxJo} 117h=9] o4t
sfetaHESe AT HIED, AU WY, s 528 A&t
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8ottt Wang Z. et al.(2017)2 $=2] 4% EKC7HEol AREA: &
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7, GAterA, AR s ™St oy ofghirtAg] 9 4
Yot g2 Eoﬂ‘:} 17890 27 3](2005)= =2 LFEE(SO, NO,
0:)5 YA oF EKCHAZY JUAETE= NAFE o2 Uebgdtial B4
sHTh A 0]7]13(2008)2 FEdL FHATS sk HEHo|RY|
ARG ARESH] COot BAFERY HAZTHTAE 4513
ok A-&E-A0l(2012)= =9 CO; viIEFT HA /747t EKC &4
= ATt o] F2(2010)1 1990|0M A 2007714 2= 57 FH7
AHES A O 2 SUR(Seemingly Unrelated Regression)® @< ©]-8510]
olitsteta HiETol didt EKC7F AR o vl e 1r]<(2012)
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wgou AYWHA wYol JHAHARSHOIAE 2450] Rolgte
walth, 7%ol- YA WUCLSEES Agald 2 A
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Gengeralized Least 6 =N
21501 978)(2005) |2°"Y (Mg, 2L TR, [SONO, 0s IN&: o

Squared Method oI, = Tz

L, O

BHOR 12

UM&-01712(2008) o3y SRR O, NE: no
~ Error Component -
2IX[31- Zi0)& 74 &
2IX[- Z0125(2008) Regression A7 NOs, PMyo EKCY:  |no
_ HAS2 - -
sez-gs0l0) [RTSTEE laana co, EKCE:  {no
01Z%&(2010) SURZH 574 HHH CcO, EKCY:  |no
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Inz;; = ¢+, + By, + 6, (ny,, ) + B, (Iny,, )’ +x n+p.

PE“}UHM +U (3)

ZItH(LeSage and Pace, 2009). 57t Ars a7}9]
2= Elhorst(2010)7F A|AISH= LM(robust LM)AH XA
< AARTEY IMARANA BIERPE 71743 LeSage and
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HA 9] 7442 SDMe] SEMO.&

- WoF 5 7Hdo] 717t E Y SDME A1

Sttt LeSage and Pace(2009)= JtHALR O tjsto] AHH-ES HE

T =55 O 7S AIAISHAL Elhorst2014)= SR

dsfiA s ARTE S0 7P bRl SDMEE =
)2t

2 =(I=AW)op+ (I=2W) " H(X,B+ WXP) + (1= A W) v, (5)

= AL I59 482 Eg’o‘}ﬂl = ”Eé L¢° &1 oHrE et
a5 A 7] WEelHtal A Ak 22| Hito] &
= SAAFEG S & (O™ DolA AsEAL tA-oA 1293 2
A9 y 3y = FEWSE, X, X, AYESE 3 e, = IAFE 47
yepdeh, A A 29 A=) $E58e 18] ¢
AoL

wrHel g golt, FA(-)De 2

J : W7 BUES
Aot A3 FHe Sl BACI2E B AL B
2FE440] EABKE A9 45K SEMelth E 2 A9 A
ol JEHE FNFEAl EASHE B9 AHOTH FHDS Dok
7497} SDMeleh % A Ty SDMOA SHA(1A ) FAo
2 dyetid A BE JUEIS Uit 2 QuEel 248
PolH FoHe YRS AL FER(y,)2 HEAR(X)7} 2
QEAGO] G A3 HEotet W aNE HHIIt B
XG0 EE L W B PHEIE depdch, F ARt AP

4) o]l mEgyl= R0 7 F7hA AjaF FL5He0] gyt w2 o] 37k
A A&} Al ko] &xtof o&steh Tt TP AT IR G AL HS 2 A
FHpolA JIgS we ZE YERd E} fdzpzo] gt SDMEAL 7R L
(2014 #=x37] v,
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2 BAoA= H71 A5 A e A (carbon monoxide, CO), ©]
AFsHA A(oxides of nitrogen, NO,), oFHA7FA(sulfur dioxide, SO.) &
o] wiEF(emissions) t &2 s ARESIAHS 7 Q&S T, 4k,
A A HiEEE YUY o5 Y S JulEES 1L
glsllom oA FAH o0& AFol= BEEADHAE(EEEA
ZH)E ol-&stoint. HATSP)Y wIAIHA|(PM)9] BiEZoll tsliAl= Al
H AR o R EAUSoA BErslalon SR SH oA Al
1 Q= 1988HF-E 2014714 9] A&l

5) QuIBERAL Thac AAR FHE RIERA Hetoll}t 448 T daA7E
B4 71 Yol Sl 397} l00t el T Gl A7
= E3sjo] gk, oSk AL FA ol Bolt w7l hAst 22 ahagl
28 7)Mo2 ot Wgo] A5FEE BAHH, @0 el Sl Lot dold A
of o) F7] 59 ek A&7t A2 WFGBho] YJHE|E Gk, ofgAbAL AR
o T Figo] dasold Had AU LYSHE 2GRz Heoly
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A2 G YZAAHGross Regional Domestic Product, GRDP)Z} €<l
o GRDP, A921+14(Population, POP)= EAH A& E A3 A
A A5 AR Agoll= AT Qe EE T diEHaE A Ay
SRS AHESHATH AAIGAEANA Uit B HEe S Al
Ast7] flote] HPE AMSH & SHATE AR (R A o] =4t
) EAYEZ AASH] Ak, T3 A9E BAQIFA) R wE
biasE AAst7] flste] 7|EATAQ} Zo] QIFFE Uae BRI AR
2 2% AHgoigith BRt oflet BE At AR H5/AT o4k
JFE= AaA717] Hsto] AAYFE e FoE ARSI 23
3 Aol HESHE A9RITFEE e 9ol e9uEs PO
(CO/POP), PNOANO,/POP), PSOASO,/POP)& AH&st3ith. 20149 &
A 1671 FIA- 9] AE7t HHEE T lou; Z4F9] A9 1998 HE
HHE T o] EAANAL AR S floto] YrE= AlFY 59 &
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T 7P 2 A9 FAlelw BEUAT 7P A A9 AFE
ol NO; ¥i&%e] EEUATL 7H 2 Ag2 FelH I tha A92
2 NEE YERon BEHAVE 7P A2 A 92 AlFkolr el
Folt}. SO, &S] REUA} 7P & (G AR AR soz
B om EEUATE 7P 22 AG2 AFLEold HEoR® Foln
LRI A st B2l M 2 A 92 5, 2 o2 Y

(B 2) 24Xz 7|= SAE

M2 | BM | o | X | ZF | oE | S |

o7 2350 1239| 51.7| 554| 265| 258/ 31.6| 1518

COMEE  |Z5i3t 639.6| 14234 113.9] 93.2| 635 528 429 1985
@©E) AU 622| 255 216| 371 914 118/ 193] 975
BZXEA | 1522 262.7| 243|139 143 117 46| 259

Hd 1055 742| 332| 624 143| 17.0] 553 161.7

NOME  |Z[CHgt 2193 1419 464 969 205 255 719 2074
(HE E2gt 617 447| 225] 39.0 99/ 129 110 874
BEMR} 383 266 6.3 168 2.4 36/ 143] 299

L 36.3] 690/ 153 351 45 59/ 938] 776

SOMEZ | Z9H% 192.8| 1786 404| 864| 166 17.7] 197.5) 2085
(HE E&gt 35 105 38 103 0.3 09 410 149
BEXHR 527|  535] 127|246 5.2 53/ 51.7] 639

o7 17,659] 11,355| 10,121| 13,887| 11,083| 11,669| 36,385| 14,522

ot X|oiLhE &zt | 32,948| 21,340| 18,798| 24,.282| 20,800| 21,124| 62,938| 26,833
A (HY) | ESH 3666 2,822| 2815 4,075 2,751 3231| 20,506 4,183
BZMHRt | 9328| 5,863| 4,871| 6,285| 5437| 5432| 14,322| 6,779

2e | 32 | 3 | BB | ®RY | 3R | B | HF

oA 418 398 504 463] 499 681 590 117

COMZEZ  |25H3t 79.2| 746| 757 1309] 107.0 111.9] 1002| 189
®E) |2 244  229] 386 223 330/ 471 393 75
e 158 111 85 274| 188] 159 142 3.1

o7 71.1] 508 119.8] 485] 1040/ 1033 1029 116

NOMEY  |Z[oHat 96.3| 63.7| 2349 153.1| 1645 159.9| 1853 145
e e 289 269 301| 265 461 720/ 165 90
BEXHR 12.0 99| 545] 269 301 243] 411 13

m3 55.2| 348 911 483] 1192 957 756 5.4

SOMEY | Z|HY 104.7| 1235 200.6| 312.6| 2436 242.8] 1724 117
(ME 2R3t 203| 117|482 55 449| 251 216 1.8
HEMR} 29 297| 437 777| 654 774 415 3.6

o7 13,150| 15,668| 21,327| 12,298| 18,426| 17,871 17,161| 12,472

1915 XL |FlHgE | 24,613] 31,417| 47,435| 24,184| 36,268| 34,706| 30,546| 24,149
A (HE) | EIRg 3291 3,113| 2,991 2397| 2,900| 4,101 4,426 2,622
BZMA | 6498 8,434 14,400| 6,752 11,036| 9,929 8,188| 6,484
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Per capita CO in Korea
25
-3.0 1
354 e
-4.0 —
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-5.5 T T T T
0 1 2 3 4 5
O  Seoul 7 Incheon ¥ Ulsan X Chungbuk W Jeonnam v Jeju
& Busan < Kwagju +* Gyeonggi 8] Chungnam * Gyeongbuk
VA Daegu > Daejeon 3= Gangwon @] Jeonbuk A Gyeongnam
Per capita NO2 in Korea
-2.0 o]
SR
o © 9
-2.5 1 o 0
= = EO st *x oy
© LWt e, Wligleteods O
3.0 o e ®+gAA+;.ﬂ oy e B
4 §Q§0 RS LA S 2
3.5 - § oo ¥ava AV x Qc?” N
o TR G e WD
4.0 - o A Dmg o t{*’ g%’ij@@ % il
* a8 #,
45 - q @ kP Rkbea® qﬁ%%@ e
- WP O @b
4G«
5.0 - Lt 4 B
55 T T T T
0 1 2 3 4 5
O Seoul v Incheon * Ulsan X Chungbuk | | Jeonnam v Jeju
& Busan < Kwagiju * Gyeonggi (9 Chungnam * Gyeongbuk
AN Daegu > Daejeon + Gangwon O Jeonbuk A Gyeongnam
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Per capita SO2 in Korea

2 - o O o ﬁé%*
L LB &
ML & 7 S-S !
3 4 LSl 5 g
5 0 % V@;&%QM%% &Qﬁmﬁl@MQ(* O\f?b W
P v 2t
4 oy TAE, e '55‘%} TR Tl
5 - £ 602 Tippa S0 BN
6 &g a%gﬁff mgéf
dq P D%ﬁmx e .
[=! > #
7 1 A 4p 354&9 tho
8 . T
-9 T 1 1 1
0 1 2 3 4 s
O Seoul v Incheon ¥ Ulsan X Chungbuk n Jeonnam v Jeju
< Busan <1 Kwagju * Gyeonggi < Chungnam * Gyeongbuk
al Daegu [ Daejeon —+ Gangwon O Jeonbuk A Gyeongnam
T PO S ASE0 At Fet e

& 3ol AAEAH. SHAEde L] ghe vstdrge] &
HATNN LAY EIE LSt ¢ tiFw 504 ARSSHSU
LA A7VSE LAGo] EAHA dette AFHEE R 1%
FoIA 71248kl e, B9 ARMY e F a3 BEE Zske LM
HENME AFHE FoleE 5% = olHolM 7143staL et w2t
S49EH EA4e Aeote SUMER IS EAEI R Aot

(B 3) HISZERY S2EY FHEN

SUAEE 2 AF Stngsat ARt Esa | 37 H ARZEDES 0

LM test: 34.58™ 2.70 2,75

PCO no spatial lag (0.00) (0.10) (0.09)
LM test: 104.07™ 776" 7.97"

no spatial error (0.00) (0.00) (0.00)
LM test: 383.44™ 13.00™ 13.717

PNO no spatial lag (0.00) (0.00) (0.00)
? LM test: 380.18™ 1315 13.66

no spatial error (0.00) (0.00) (0.00)

LM test: 368.81" 4.28" 471"

PSO no spatial lag (0.00) (0.03) (0.03)
’ LM test: 476.73™ 7.18™ 7.78"

no spatial error (0.00) (0.00) (0.01)

Z1 1) #**= 1%0|L, **= 5% O|LH, *10% O|LHOIM R2lgt 2) BS0to| 22 pits LIEHY
3) Yold A= PCACO/POP), PNOANO2/POP), PSOASO/POP), POP= 1745 LIEIH]
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Sfg 4 Qhelo) e AR BE 1% SoleolA Z|ztEleln
Wald@golLt IREY 2% ATAEG G5 1elhelA 7122t
Slo] DM EAEPOE Aesigict.

(E 4) SUGLZF(SDM)2| LRAY X Wald HYZ1

S AR DS PCO PNO; PSSO,
, Wald test 23.93(0.00)" 22.29(0.00)" 32.34(0.00)™
spatial lag
LR test 26.21(0.00) 24.28(0.00) 34.58(0.00)
, Wald test 17.64(0.00)" 22.51(0.00)™ 32.02(0.00)™
spatial error
LR test 17.96(0.00) 24.70(0.00) 33.76(0.00)
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2 Popths A Yepla A 7t Z7HE4/d0] EA46 29| o
I ke Aotk olget Aib= AFAYG 2k AAYGFR7t Aolsto]
Uehites 232 j4Eoe] A Sx Qlty £A55F9] 25 gho] 334
o] A-olnt 7-91313(0.076, p%k=0.00) HHA] 12} 253} 23} A5
gk 844 gkol ZHzt 0. 348(p%l‘0 49), -0.259(p#=0.19)2 |9 o} 2]
&7 Yebgth o dR1Y L FHMR(PNO,, PSONENAE 355

0] 374 Fo] 29| Ho= ‘/}E}‘*Eb} FOoHAl= gttt e
2 12334 39 4 4= kA7 gk & I AT G2 EA
= 999 PHsE0] A5FEo] S Wt QUARY N4+ 9 5
o] ojwet FEH=E Uehts 7HEART HIAZEA)E sttt 7t gl
(E 5) I3 ZSH(SDM) £HZ
B2t ARt DEED PCO PNO; PSO;
Iny, 0.348(0.49) -0.306(0.67) 1.282(0.23)
(Iny, ) ~0.259(0.19) 0.166(0.56) ~0.700(0.10)
(Iny, )* 0.076(0.00)" 0.001(0.98) 0.143(0.01)"
WxXIny, 4.512(0.00) 5.69(0.00)" 9.092(0.00)™
W (Iny, )* -1.775(0.00)" -1.94(0.00)" -4.311(0.00)™
W (Iny, )* 0.252(0.00)" 0.193(0.02)" 0.584(0.00)"
WX dep.var -0.437(0.00 | -0.068(0.43) -0.103(0.16)
R? 0.83 0.83 0.93
o 0.03 0.07 0.15
Log Likelihood 124.77 -24.52 -1915
Hausman test 124.69(0.00)™ 46.77(0.00)" 124.69(0.00)
1) Z5 OH2 pgh2 LIER 2) ***= 1960]LY, **= 5% O[LH, *10% O|L{0A S/t
T2y (E 59 FAASE] gt AP an, et 191 F 8
I ARt T 2O AAE (I oA AuEH, dlF YAksieta
(PCOYN iRt 3723 ARF4-5(3.380, pgh=0.00), oJAFA5(-1.415, p
#£=0.00), 123 33k 45(0.229, p#t=0.00)9] & & 4 Fto] RO
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1% ool Al foIF AOE U & ASo] FAAFE(AAL
4 ol F7RIE QYAESES IS R 0o
Al BAFANZA(E VDS AXstHe Aol ot 3% £54
F9 % At grol KeIkT 9l O e Th Q95Fo] F71et
= NA FHE B2 itk o2 dR1F LAMS(PNO;, PSO)ECNA
E 1A, 2% 783 3% 259 F A% 34 go] BF ek Yept

PCOSY E7IA &2 NAFG Q] efE Hoj:1 ). webA 3988
DEekA] FAY E3t e gy s s BoHA] Y= T 4
Aaito g2 tf7] e HiEEAS IR H f=dH 23 =58 5 9
S-S HojZr}
(E 6) SDMFHe| 2l¥ g, 2t st & g1t
37F Al 1EE PCO PNO; PSO,
XHET -0.037(0.94) -0.365(0.61) 1.070(0.34)
Iny, ZtgED 3.417(0.00)™ 5.48(0.00)" 8.234(0.18)
£33} 3.380(0.00)™ 5.11(0.00)"" 9.305(0.00)"
XFET -0.111(0.60) 0.187(0.51) -0.601(0.51)
(Iny, ) Zan | -1.303000)" | -1.880.00)" | -3.905(0.00)
Z51} -1.415(0.00)" | -1.69(0.02)" | -4.501(0.00)"
XHET 0.057(0.04)" -0.001(0.96) 0.131(0.02)"
(Iny,)? ZEY 0.171(0.00)" | 0.186(0.00)" | 0.525(0.00)"
z57} 0.229(0.00)™ 0.185(0.05) 0.653(0.00)™
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