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PSS AFof g}, ey FAE WA O] A A] o] & FAISHA 7|+
of W3t = Q51 A B E APASHA = 3147 Qlth o]of H]3] Toda and Yamamoto
(1995) Q1M A& FAR TA|0) 27 o 2ol Ahglo] 45 Wk 7he] Q1

\
N

= AL U ER o Hp JH 58S BBk o f-8oith o HE
=2 A% VAR(p+dmax) X& o] tfs] 22 p Al2fo]] thall Wald 73S 41305}

2

= 740113} oju} oJ7] A pi= VAR % 9] %] 2] A2}, dmaxi= 7' A|A| D2 Z|oj
& Aotk
VAR(p+dmax)-2 th2 2] (6)2} o] AT k.

Y = Qg + Alyt— 1 + "Apyt—p + Admaxyt—p— dmax + €4, (6)

~ N0, %)

A7|A] y, = Mx 1 YAYHS HlE](Inco2, Iny), ¢, M < 1 S5} HE 2 o2
A GrEEoleh 4,5 =1.....p,dmaz )= MX M A+HE
ojtt. Wald HAAx 574 W47} $A 4 02 {251, S50 Granger 13t

U AA D EAE AR TAE A= 5oL Qe Bz 2SR v A BAE
szatel ] ol 817417} 9k o]ol] gt tioko 2 n}E sz S K Markov regime
switching) HLgJ2 A] 7J°ﬂ EPE} Holoh= WAIE aba o2 EA451aL H|AE B
=3 ko] dg o B7) wiizo] drk A
SRS Ak S M A S 5 B AP AT 4 2]
(Hamilton, 1989).
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2470k Bate] 2o} S B 3th. 4] 8)A p, s i FHOA] j FH 0 2 HEk
FES UE= dolekEoltt 5 pyy 2 =1 10 A% HF-E 2HE, pyp, =1 1914
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[a& 2] 121E GDP(Iny)2t 121= O|AstEEAHEER(Inco2) ZF MEE

Inco2
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257 olilsletauEwe HIAY BAE AR flel =4 thah4] B
(local polynomial smooth) o] o] &% Qich %] t}al4] Hash= E4 4=
T O] ARl Gl Al Azl AT thdAlE gola7] ol B BAE
Z2P5= o) 9851 ARRELE (18 318 4] thak4] HEK(local polynomial
smooth) ®H S 53l 7 W= 7H A2} 95% A= T Aol ofwj BE
B} A 0172 AT A5} oA IS 71 oF] HFTAS Ro]
29k, QUAFE Q] H]AETA = B o]x]| o=t} McConnell(1997)0] Z35150] o]
Absbekas 2] 817} A4 0.2 B SIS Leb L, ol kste ) At
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[22! 3] =X| cratAl HEsKlocal polynomial smooth) =&

Local polynomial smooth

T T T T
515) 6 6.5 7 7.5 8
Iny

95% Cl @ Inco2

Ipoly smooth

kernel = epanechnikov, degree = 0, bandwidth = .17, pwidth = .25

S WA ] EA)] o -5 ER15k= ARDL 3HA|I S A3ist7|of] oFA] AlA|1E
o 5 247k 17 ohek RS SIS Wask gick o2 915 Augmented
Dickey-Fuller(ADF) 73%J(Said and Dickey, D. A., 1984), Phillips-Perron(PP) 7374
(Phillips and Perron, 1988)0] A8 %=1 17, 71 A= <3 1>9] €L} ¢l ADF 7
AT PP S T AAE B AHE QPRI I8 Q1 A o= Uebgdth Al AE

O A& A=7H(2)7F oF 7] wi<Zoll ARDL HAI78-& Adisk=d| #|2fo] gitk=
A gl 4= Qlrk
(B 1) o9l 4y
B ADF PP
Inco, 0.1945(1) 0.223(1)
Alnco, -4 4049(0)*++ -6.094(0)*
Iny, 0.0541(1) 0.356(1)
Alny, -5.312(0)*** -6.8532(0)

) 1) ()] FE AIRL] 2, 2) #eiz 1%

oA folghe eh
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9. ARDL 4] =4 Az}

ARDL 3HAIH7EE S8l FAloF Lard e 3747 Aih= <3t 2>9F Ptk
clokslt Ajx}o]l sl =A%+ A3} AIC(Akaike information criteria) 7|50 =2
UECM_13} UECM_27} A =] ittt UECM_1-2 A& 2= X & o] a1, UECM_2

FAIE ZAoHA] 92 R olrk 4 Aol wh=H UECM_19] 39-F 5AF
I 19.634 0.2 Pesaran et al. (2001), Narayan(2005)©] AJA| 3t 5% 2] At A A
QR 7] W] B Ro] ZAISHA] SRtk 157 HEo0] 7|2t s gl ufebA)
Hi% 7h AR P} EAfeke AL Sjulsich. el UBCM_2 2ol Fiﬁl
o] 3,157 alat ARG} Al QAL Alololl £Aja7] wlol BHR BAS
ob5] gagt 4= glot. wheba] 348 BA7) BEsHA T El= UECM_19] Eﬁé—%
7|02 #A8)aL, UECM 2 B3 H|u o] =2 0 2 & Zlo|t},

(B 2) 2R @XM snr ARDLSHAIZN At

E=SY S Ha UECM_1 UECM_2
1730k -0.966%*
25
%o =3 (0.445) (0.390)
0,004
oG trend 0.001)
. Ineo2 0,162 0.107%%*
€02 -l (0.042) (0.043)
- Iny 0.269%#* 0.137%%
y -l (0.066) (0.056)
0.140%*
ﬂcoz_’ 1 Alnco2, 0.073)
0.253%
ﬂcoz_ 9 Alnco2,_, 0.076)
0.843%x 0.952%5%
; Aln
By.o Ye (0.083) (0.085)
R squared 0.882 0.893
Adjusted R squared 0.872 0.881

- 74 -



FEls g | uEcwmi | uEcMm2
ARDL gHAIH7H
1(0) I(1)
Pesaran et al.(2001) 2.620 3.790
Narayan(2005) 3.131 4206
F &A% 8.277#* 3.157

) 1) ()= EEQAQ], 2) ** p<0.01, ** p<0.05

S A7 A FA|OF @A H g2 ARDL Mg 0 2 HEksl 4= Q)
t}. UECM_1 282 242 %3ts}= ARDL(1,1) 28 © & UECM 2 B8 % T4
= IA7F 245 FA1E Z3H6HA] 9= ARDL(3,1) Hg o2 A% Hgto] 7}
55tk ARDL 2§ 9] 34 Avk= <3 3>0] A A|E o] ¢l ARDL(1,1) g2 5
Aoz Al n SPE 717 RE e FArendys 2] 5.2 eyt
ol= AlZto| Zigof uhet AT 7] X o] HhA2- 191t o] Akstek A v EekS 7t
AR AL ofugit) A5RE0 FaTH= FOR 7|08 A5RFo
7t 1909 oA e Al ES5FS 77 | AL 2 YERT

(Z 3) ARDL 28 F=XzZn}
A B ARDL(1,1) ARDL(3,1)
o . 17305 -0.966*
(0.436) (0.390)
“ trend (0.001)
5 lnco2, 0,837+ 1,032
: (0.042) (0.090)
0.113
X Inco2, —, (0.118)
-0.253%
P Inco2, (0.076)
P ng 0,843 0,952+
vo t (0.083) (0.085)
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R EH ARDL(1,1) ARDL(3,1)
5 Iny -0.574% 0814
wl -l (0.109) (0.104)
R squared 0.999 0.999
Adjusted 0.999 0.999
R squared

) D ()= FZLAF, 2) ### p<0.01, ** p<0.05

3 4>= ARDL oA AR IS B E T2t 3
TS Uepiich, FEIHE 25470] 5 9] Ml o Aksfekd Eare] 4] 4.0
2 A Rk ARle] mHE A5 0] A E LS vhlRihd @) ke A5
20| sl B4 Mo nIXE )4 REO.E 27|018-S pehit), AB4EL
oltetet A E ol A T A 0 Fo] S ML 25 AT AR
VT A0 2 YT 1919 o 4keiehaul S 1919 =i S AR 717
of A4 Wslslr] wiZol A7|avrt @ avEe F Aoz & 4= Qlrh 34
(trend) &0 Fo = Al7ko] Aol wheh AAR 7s s 1915 o] Abaheha
&S At AS vl

O}N
J
N
B
- B
L
~N
toll

(¥ 4) ARDL 2&9| Z-Chy|s1t

E=x=anl; mk=an]
ARDL(1,0) ARDL(3,1) ARDL(1,0) ARDL(3,1)
s -10.630%#* -0.899%#% 1730 -0.966%#%*
= (0.554) (0.457) (0.445) (0.390)
rend 0027 0,004
(0.008) (0.001)
1.653%++ 1.283 % 0.843%5 0.952%
Y (0.104) (0.054) (0.083) (0.085)

22 1) ##% p<0.01, #* p<0.05, * p<0.1,2) ()= D o 2 24w B2 oA}

3) Fa= ﬁ*(ﬁmo +5,1) 2, FERR] ARAIE 2T 50| ARG

BIE 3 Aot
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Sr=0| O[MBIErA HHED) AS 2O CHEE RO E

FHE A7k 225t ARDL B3 AloF @ 2 By} Ao} o A5 R
Fo = meke 4 girk S5 HTS 24E ARDLEFA 53 t-17]9] 243}
2RE SRt AR Ge] 24 AR <3 5>of AAE o] gk 224
R W 7k e ek A | F ol e ol e e gYo s ﬁiﬁ}—t—
YRS 2434 SIrh FAE TA7L ER1E Aok A4 R YRECM_1)2] 7
258F0] 1919 CO2 viE&w ¥iso] nX|= T &= 0.843.5= ARDL(I, 0)
BT LA} QA RPUECM_1)] whr)anke} A|sksict ea43el
Al -0.1622 AR o= Fopt Aoz Uelth 4 2= Qlsf| 2171 A7) &
AEt oERe TS 7] A7) R O & OF 16.2% AL R 3| B3lrte AL oju|git),

(H 5) MYUE X2 FHAD
A s RECM_1 RECM_2
17325 -0.966**
@ khg]
(0.436) (0.374)
N rend -0.004%35
! (0.001)
0.140%*
A

Frowt Inco, -, (0.066)

0.253 s
A

/8(1)22 1n002t72 (0.065)

0.843 0.952 5
A

Byo Iny, (0.083) (0.073)

0,162+ -0.107
[))u: 6(’)1‘,*1

(0.039) (0.042)

R squared 0.882 0.893

Adjusted R squared 0.875 0.884

) 1) ( )E FEZLAY, 2) ## p<0.01, ** p<0.05
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3. Toda—Yamamoto(TY) <134 AA ZAx}

u
Eﬁ
i ®

Yamamoto(1995) Q1A AAo] A=l <3 6>0f AA|E]o] STt
A5o] 110G ghatfEekol| YeFo = Granger Q1ifslal, 1 92 AJesHA] o=
Ao g2 YePth 2550 191G ojAlsleta&aRe: o &sh= 5931 Wz}

oz
R 31T 4 9tk

453 1919 o SEIANERF 2F A4E GFL A7) 918 Toda and
Al
=

Fous FHE7H F SR Pzt
Inco,, AEo0] 1909 A u&aFo] Granger Q175Hc} 3.759 0.027
Iny, 191 BlAu)&aFo] Ao Granger Q13b3tc}. 0.840 0.435

23 nhEy SEASEYS AT duel vmo) BHon Hyudgu
ARDL(1, 1)¢] 47| 78Kz <3 7>0] A4\ 5o QIc). nhais Shelagh mee =
ol whet 24 A40] Zjo| S Bl 85Hz HlAIY BH O ThE AR mYTHe thas %}
o]7} Ik, Sm-1(0]AkBtekA: HhEeF ol A Al BAH 02 §ol5tA] gk
02 ekt 2545 Z7He ol shat e S7H17)% o) 2 2
© 52 LbERdThY e} o] ofake Sul-om AT A o i Agiey, Sel-a(olikslet
A W )N A BAR R foleh S0l HEE, oA 7)&lnis o]
I U ZHAIIE, S5 4] S ol el e A
29 2 A0 Uehgth 30 BN A 42 VM ojiksle wiEers

4) Z}A%3-S Elsk= Aol A CCR(canonical cointegration regression), FMOLS(fully modified
OLD), DOLS(dynam1c OLS) 382 =4S 5ol 453 oislearEd 1t BAE
ARSIt 250 A= 5% TolA 7213k 1.30~1.38 Fre= STk 2fol= gISiH:
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O A4k, = H-20]| 4] T 7ol Ath= S Y 4= Sl o]
E}

L=k

& o] Al a5Ee] olsteAHETe] A=
Al

%

o [|r oN
i
flo
el
I
ot
[

B>
=
H'HN’ il

ot
(0]
in)
Ho
jakad
0N
ok
K
Ir
N
filo
1o
=)
(o
v

gl 1o]] B S-S 92.9%(p,,=0.929), F-20] T 2HE-L 90.9%(ps,
=0.909)2 LeRge). ol 1 hel \IFolA] 0 2|44 Holi 1S ofnldiel.

= ojikeheka HiET 2 QAT Al Ele Al ke A QulRith

Markov ZHZFSH 25 ARDL(1,1) MSHES
=11 =H-2
intercept -0.236%%* 14,972+ -10.630%** 13.615*
(0.622) (0.090) (0.554) (5.651)
¢ 0.001 -0.013%** -0.027%#%%* -0.012%%%*
(0.001) (0.001) (0.008) (0.003)
ny 1.308**%* 1.574%*%* 1.653%*% 1.536%%*
! (0.010) (0.005) (0.104) (0.052
P11 P 0.929 0.091
P12> P22 0.071 0.909

) 1) ()= BEQAY, 2) *#* p<0.01, ** p<0.05
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AERILGEE  Reconsideration of the relationship between carbon

dioxide emissions and income in Korea’

SuKwan Jung” and DooHwan Won™"

In this study, we analyzed the dynamic relationship between income and
carbon dioxide emissions per capita in Korea through various methods,
including non-parametric methods, ARDL(autoregressive distributed lag)
analysis, TY(Toda-Yammamoto) causality test, and Markov regime change
model. It was found that the inverted U-shaped relationship between income
and carbon dioxide emissions, or the EKC hypothesis, does not hold. A
long-term equilibrium relationship exists between income and per capita
carbon dioxide emissions, and an increase in income appears to have a
positive effect on carbon dioxide emissions in the long term. Technological
advancements have reduced carbon dioxide emissions. Income changes have
a positive effect on changes in carbon dioxide emissions in the short term, but
the short-term effect of income fluctuations is relatively smaller than the
long-term effect of income. The impact of income in the regime with high
carbon dioxide emissions was found to be relatively larger than in the regime
with low carbon dioxide emissions. In the case of Korea, it can be confirmed

that income has a significant effect on carbon dioxide emissions.

Key Words : Carbon dioxide emissions, Income, Nonparametric method,

Markov regime change
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