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| Abstract |

The ARDL(Autoregressive Distributed Lag) method is employed analyzes the long-run equilibrium
relationships among environmental pollution(CO, emissions) per capita, income levels per capita, and
energy consumption per capita. The error correction model is employed to analyze the short-term effects
of income and energyconsumption on CO, emissions. The Toda-Yammamoto method is employed for
causal analysis among the three variables. The results show that income levels, energy consumption,
and CO, emissions are cointegrated. We found the N type relationship between income and CO;
emissions. Long-term elasticities of income and energy consumption with respect to CO, emission were
greater than their short-term elasticities. There were a bilateral causality between energy consumption
and CO, emissions. There was a unilateral causality from CO, emissions to income and from energy
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consumption to income not vice versa. Energy consumption can be an important variable to contribute
to forecasting CO, emissions.

I Keywords | CO, emissions, energy consumption, income, ARDL, ECM, causality
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AR A AR ool A 45T} g HeobH olgl= F4(Beckerman,
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1999; Schmalensee et al.,, 1998; Zaim and Taskin, 2000; Pao et al. 2011; Pao et al.
2012; Shahbaz et al. 2013; 7], 2003, 2010; A2, HF<L, 2004, A H, 84,
2009; o]34&, 2010; o]3FZ, o|&3S}, 2009; AU, 2011; ALZE, 740], 2012; ©]&=3},
2012; g, #nl<s, 2012). 12y obA EKC 7Hd o) A9 of fof digh Ux]H H3f
= AAEA g Q)

EKC 7Hd& BA4L 98] LAEAR CO, W& o] &3 FYd e A2E, 3
HAl 5 =Y X] S(°13F, 2010; o|FF, o|&3}, 2009; wi-ge fuls, 2012) =
27} ANHLE, 70, 2012, ZAE, 284, 2009)2 "41% 2 374, OECD-H|
OECD, AA =/ =Al= 5 o2 47 A%, 2003, 2010; A2, AL, 2004;
WU, 2011; ©|E3, 20129 o Sk gk
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(2009), v} 27 v]<(2012) 5©] 3t} SUR(Seemingly Unrelated Regression)=- ©|
& ol a0l 234200, o HEQI0)E AL AHA7] 37 Aot AL 57 ol
AE Aoz BA3% A3 EKCE &elstgict sjA g7 n]4(2012)-& SURY} 3SLSE
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3& Yo 2 EKCE £4
oLy 2] 2219} 25 7

T AHA|HE 58 v B & =
S7HA 7= WA e 7 dol EARth Kraft and Kraft(1978) o|% @& 45
WA EAE A4 S4E BA B Granger 1S #4135 th(Asafu-Adjaye,
2000; Glasure and Lee, 1998; Belloumi, 2009; Oh and Lee, 2004; X9, A,
2003).
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25 XA A E4F 23 EKCE 2elstal A oux]7F thE oy A dEt Co,
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ok wagm 220, 2012)t Egu} ol WSS 7t AT g o3t

2J3}] Pesaran and Shin(1998), Pesaran et al. (2001)_4 AL7] A AHE3E(ARDL: autoregressive
distributed lags) A& ©]-&3t A7 54 TAE 4 ?:5_]":}- =9Fg <2l ARDL &
A8 Be3h7] ¢)8ke] Toda and Yamamoto(1995) B 2t 3
& BAFI ARDL WS A7 AEE MEES olgatel YA BAIS galela
ARARAY ATEO| A9 Aot AALRRS] QRp} R

t}. Toda and Yamamoto(1995) W& A|A| QA7 o] 2B 49F F2E A 9 o
A 3

Fekglo #%544 VAR 2@ o|§dte] WS 7t BAH BAS B4
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= b el SJo gleh A, BKC el i AvekS g
SAB/AE £A5H7] ¢ ARDL S =Uljof Aoz 283t
olth. B4, ATHHE ZHoA] YAHHEAES th27] Y3 2o 7futE Pesaran
and Shin(1998), Pesaran et al.(2001)2] ARDL %3} Toda and Yamamoto(1995) %
o BKC o] Hg3) HHES shysich

2Rl e ThaT Bk AL
03011 tistof 7tefs] A1 Ao A= &40 o 8% &4
9, QA A WUES Bk Loseh AVl A
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574 F7be] A W9 EKC 7b2e 2%¢ Panayotou(2003)e] w2l 77|
A 271001 B4 2 13 4919 HlEol ol B eEE YA st}
AN 25 D 207t S48 BAede FHUT. Lo 29T ARz
o|Z® RBAANAHY 24 WEo] 2 AYoR AVHL, HIUA AF
o et BAl 71 A

7Y, 23 AR o 4 e H-2 F4glith de Bruyn et al.(1998)=
= 7o 2 AL Yol A5t NAE &

Syl oA R GEES] B LATLA WEe) e RES o4
Hof 7]¢l8t7] wimol EKC Z3of oy A4

2011; Shahbaz et al., 2013). CO, W&
4 23 A7) AAde] & FEE ] 3o B ool sz o] g3tk EKC &
Fo) A71H BAS BAsl] jste] ol g 2

0 _L,

1998).
InCOy, =yt aln Y, + aslnE, + ¢, (1-a)
I1COy, = By + B0 Y, + B,(In Y, )2 + ByIn E, + e, (1-b)
INCOy =ry+rInY, +7,(InY,)* + 7, (In Y,)* + rInE, + ey (1-c)

rr

714 InCOy= LAF olitste s viE®, nY, = 49U 42 GDP, nE,= &
AR AR LB|FE] 25 YEHIL €y, €y, €35 WY AGS UEAT: oy A
AHlE AR A2 st €O, HiEFE S7HA717] mZol oA axn] e
FAAAT (g, By M)E FHYE A2 oFd. 253 €O, T B A5
Aol uhebA ggFstA webd 4= ek A (La)ollxl 2598 FAAS7E Fla, > 0)

Ehs

LQESHEL O EA HWEY, RESE, XA S5 K28 SERE X7t 2EEH7|: Sz EH, 284,
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AARART BHY A9 BAH R AgEL HAEAEL A 55 o7
HE AEAO] W HTEEE LA Aol G AL T RAT BAE ey
148199 Aol Qlek. Lejuh BebAT Ak 7k AR Aol Al BAE
A 3, 1A 29 WAL SAT @ FAA HAAEAUE LS S AekEngl
and Granger, 1987). 9HoF B4 % ¥A S LAhT BT AR o] JHWSS of§
I A9 Fa% YA FRAWAS s BYAY oRsh WG aeby 1
BAA el G AAGARS] Tl EA9) olel FHE BAe Felo] Fasich

Engle and Granger(1987), Johansen(1988), Pesaran and Shin(1998), Pesaran et
al.(2001) 5ol &fslf Alete theFet T4 2AYHE T 2 7HA A3 w2l ARDL
Wo] Ao] Q1718 A Utk A, ARDL WM A/ AREE HMEES T
sko] A4 Utk =4, ARDL H& 247 42 3ol &
e ST 5 Aok AA, AASAETE0) 2 [(HA™ 27 HEHEE
Al 7]-%6}E]-(Halicioglu, 2009; Ozturk and Acravci, 2010). ©]9} 2 AHS 117
Sho] B AT A5 9 o] 4H]9k CO, HHEEH A4 S B $lstel
ARDL "S- o]-83tt}. =0kl ARDL £4& Heksl7| ¢5to] Toda and Yamamoto

il

=
=
A
T

H= E
(1995) WS E3f Hes 7F AR EA431H}3) Toda and Yamamoto(1995)-2
2) EZ Engle and Granger(1987) ##2 3|2 2M 2 S5t0{ &S5 ZHAtol ol T2 ZYS A™SH & AL ™ Ao|H
SHE 2A7L EMstn 2R ?;% 42 SHE BAV Gle A2E WHGI SHE AV EME 4R & - B 3HF
ZE SN oot 7Hset AR oZ QT E 4 QI Stock(1987)2 A|AIEARO| ZXSIEEIE HI|FHAI &1
A+E2 2= YXIY Y 7t54E MAISC J2{L Engle and Granger(1987) Y#2 F-A9 EAXIt HIZPHERE
7| HEW t-A%, F AF0 22 YEA RoY A¥S S&f EtEE FE0| o1 AREQ F* FHEALQ HTt
g £ ol Has 7t MM EXE CHR7| 01‘=;1E+.
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HEo] BAglel 4F AHsaAE A

DL =
o] "olx7] wiwol TS AAS S8 AR AESE UYL ATt

DF(Dicket Fuller), ADF(Augmented Dicket Fuller) 12|31 PP(Phillips Perron)
oheFst Tt AAYHE 5 PPAAS o] 83ttt Newey-West(1987) 252 A4S
85H PP A A4 AT 9 o] BAke] ADF AA BT 2% o e
o},
1]

%0 et of

18} Perron(1997)9] XA Y L3R A|A D thdo] WA A9 ADF
P HALS AfAo] HolA 2= glth Perron(1997)8 2]3+9]7]9F 7He EAAHS
37| 2 B dbdo] Zivot and Andrews(1992)= L2 HIIES A& Ao 9J&
|32 Aoz dhggttkal oy A2 Q] G+t AlEE s 7 ofHaL Ak=
AA o ojEAH o Hi= A BEAdS 2E7] "ol Zivot and Andrews(1992) H A&

=

-
FNw

]

]
|

TaMsE TejstA g PP AAe AAY Aua olRA sdsty] ¢
Newey-West(1987) 339315 288tHs Aol 4 ADF 443 2fol7} 9 % o] &
P gL g,

P
dy, =0yt 01y, 1+ Zﬁidytfi_i_et 2

A7V e 19 AAGHR, dis LA oI, HEALE AA DA 2] TS
To| EAG(H, : 6 =0)eln Y7L AADHR FHH oI (A, 1 5, < 0)

ok wof R bde] ZI W g Aol m 1gA e AP 9D 2= Aow
=

TFZ2HSHE 133 Zivot and Andrews(1992)2] HA AL th23 Zhd

3) Engle and Granger(1987) 212 & €71 SRS HE Aol = Y128 BAusel Melof w2l 279l Wi gad
M 4 Qlon! Y BHOIA CH4o] BHE BT ENE 0 AE| ofFC CHHEY SHYU B Johansen(1988) HHO|
278t 302 YAND Ut WRN B HRE BHE 2M Johansen<1988> YHS HREH0] ARDL HHS AT

4) Zivot-Andrews(1992)= FEHEE Ml JHX & 5, HO| MDY A), 7/27]9 HEHDH B), § JHxI9 B2 O)2
2 2asi




A5 S oofux|atet SF2F A

ron

P2

dy, = po + y, -1 + Bt +yDU, + deyt*]—‘ret 3)

j=1

dinCOy, = ay+ Zal,dlnCOQ,,l - Za2,dznx - Zam d(lnY,_,)*+ 4)
i=1 i=0
dl

ZG’M 11’1 )/f*l + ZaﬁzdlnEf* i + Za’ﬁldln 0021‘*1

i=0 =1

Glln Y, | +0,InY | +0,InY | +6,nE,_,+6nCO,_,+v,

A7H #AE UrEMJL Alz}tﬂ#fﬂ Asgo] ®E olcy

(Hy:0,=0,=...=0;=0)9] tjste] F-8% = Wald #%8< APst= oot

(Pesaran et al., 2001). F57}40] 7|2 E|d WS 7 AR A7} 25 12X

orS AS FHE IAL gl Ao F Brrstr). Pesaran et al.(2001)2 F-E A2} 1]

W= g TQsk YAAE 1}

critical value) 2t} 2 ¢ HE7H4S 7)Z5)
A2

(lower bounds critical value)X c}
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2010). A7) #+FAL HEE 71—} e —’?‘—éa
9714 BAC Ao BEAFPor HE ther]|Y HFor }_ngﬁ 7}% é‘,—E—g—
2= ojt}, Wb ARDL HFHS o] 9ste] A7lo] that Ame] 24 glo] &)
7] SE E4o] 7Hs3ith

oJHl# 9l ARDL(al, bl, c1, d1, el) 2&-2 2(5)9} Zt} AIC £ BICE 7|20
AR He F AR Aol uhe thopet By MAT 4 UrHOzturk
and Acaravci, 2010; Acaravci and Ozturk, 2010).

InCOy, = by + Ebhlncom i+ Zwm it Ebgl Iny; )"+ (5)
i=1
Zb41 ln)/f’*l + ZbSIIHEt 1+ef
=0 =0
Hapso] AIH] WSt AAsHA S71etes A7 3 Y A H(nX, =...InX o

INCO, =y, +yInY +vn Y+ n V¥ '+ ~,InE" (6)

bl al
AZIA e =by/ 1—2% B OASERY AL = Db/ D0b)

i=1 i=0 i=1

al
= S-S AN REAY ASE ot e

i=0 i=1

5) Pesaran et al.(2001)= 500~1000712| #ZX|E 0185101 YAXIE MAIH EHHO| Narayan(2005)2 30~80742] ZEX|
of tHet YAXIE AR,
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AS S ofUx|AHet BE2H A0 g 24

B/ FBBAZL ZA5HE A1(5)] ARDL ZEL A](7)] zx}*ﬂ For fu

b,
dinCO,, = ¢, + E cdinCO,, | + 2 codln Y, _ | + 2 cyudin Y2+ %)

i=1 i=0 i=0
dl

Z cudin Y7+ Z csdinkE, _+yu, |+,
i=0 i=0

A7)4 di AE A4, v WAL, delT v, LASHFOR A(5)9
ARDL 230|424 t17]2] 4315 o] &3th. ¥458 okl Heoje} gk o4
Hugo] A9 Auuo] FAASE 253 U auo] Wskie] O, W&o
wskEo] mAL 4% 2, 9r1d FARARIIHEA)E de 1, e x4 eel 4

(W)Y Q719 B71FF(u, )M o|gRiE the 7| 2HoR Bt SE

R

3. Toda and Yamamoto 3329] AIHA 4

A AE B4 4 gle do] . AdEA e} HEo] Al
E TPHoE neditd B9 958 S =Y 5 St} Granger(1969) 782 x4
A pEo] A yE ol 7HsetA ol thet HA otk whoF AR S0l {9
St x| AAHFES y& AdS5the ol 92 vA = S Yulgitt By Al
Ao e AEHFE o] &stAY F4E HAVE US A (HE) ALY S
ARESRAIRE A 'Ol AR TAY FAE WA A8 oF b 270l T2
Bl

£ QA7 0] 4] A48 Toda and Yamamoto(1995) HH-& A&7} 2Lt EHE 7
Aol f-5-9F Aagle] ==H2] VAR(Vector Autoregression) 232 ©]-83}7] ufj#+

6) Granger(1969) ¢/ot= A Oj2t7|ECt= 0152 902 19 FEE HiEoz HXol 0jXl= Y& 2Ast| U2
of 3 22 ojgiE 20l SF¥E 0lE 4 dths HHIE ZHCH




of Ao @ 9l5le] £AELE HRIL 9l el U FHE AA o o2 Ao
9tk Toda and Yamamoto(TY) -2 VAR(p+m) 23] Aete] thgt U%2] Wald
AARO R, p= VARZF 9] AIC 32 BICo| 9J5to] AAH

428 AN A 4RSS T, S p AT W B a5 3
Fo vl A Ferh e AR (H, : 4, =0)o] diF Wald g o=

HH AH4rt FE5H0] Granger QTS sk Ao wosich TY HAS 913t
VAR(prm) 23-& 4(6)7} 2.

Y, =0+ 5, Y, 1 +5,Y, »te )]

A71A ¥, =[InE, InY,, InCO,], B, (3x1) A4 WE, 5,8, A4 4
(3%3) 1T ¢, = WMo} AIC 5 BIC/|Z02 VAR m3 0] 24 AzHp)=
1, AAIEA RS FHof HEF(m)= 10]th

IV, 2 U AFEN

AFo) AFESE Rpr = 19713~2009 HA7Hxt5 2 GDP, GDP tZd|olg = o=
el o2 HH%EWJr Ar A0l g e F7HA A SEAR A2

Sl zvt(zoom 100)o]J~, CO2 A= 9 xﬂowi oHDP7] e BEAGAreZ 59
<GE 1> 2IAE F5H7] A QT g EHTCO2), YT ol | A 4H]HTOE), ¢
g GDP2] 7| 2 FAIFS HojErh ARl ghamE&s2 19719 1.66t CO, ol 4 2009
9 10.63tCO, 2 Z7}8l9 a7 Ul oy x| Av|EFe 1971 0.52TOES) A} 20094
47TOEZ 27}o}°ﬂ ow, U2} GDP+= 19711 109H of| A 2009 217571 o =2 F7}
39tk Aol Co,METFE AA| 79, Ay GDPE 309 £ZFolu, Al oy

Aaulge 3o HATEe uste] 288 &L ol

O

7) TCO=TC*(44/12) 06{7|M TC= EtAE (ton of carbon), TCO= O|AISIEtAE 445 O|MSIEA EXIZF 122 ELA RIS
g z+tZ} LIEfHCY,

8) TOE(Ton of Oil Equivalent)= AMQ{SHALEQ|LCE,
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AS @ ouiRIAtie BELYO BAO at £A

| 2 1 xzol 71z=HY

CDP(2H&: 21E) E(TOE: 21&) CO2AtCO,: 21T
o 12349 24 59
T 10.00 052 167
Z|CHEK 217500 470 1063
=Kt 70569 147 306

<329 1> A A A2 0] A2 I(nE, InY, InCO2)9] A4S vrepdich A W4
T 19809 2 0 AukEI} 19974 IMEA S50 22 DA A $AS ALshd T
Z31 F7keks FH0lth 58] o1 A 20| H(nE)3} ol Astet 4 W EH(ICODL &

2 gjo] st

| 221 oldxiAbl, AS, ojatstetAol A

LNCO2 LNE
2.4 16
2.0 124
0.8
1.6
0.4
1.2
0.0
0.8 04
04 T T T T T T T _08 T T T T T T T
75 8 8 90 95 00 05 75 8 8 9 9 00 05
LNY
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<3 2> Phillip-Perron(PP) ©¢jt HAEADY F2HI}E 1183 Zivot-
Andrews(ZA) T8I A (A A2)e] A2
A

FAIE 27] miZe] ol& SR AIC &2 SIC 7|2 ofsto] AHGAIAE A4 st
Atk & AF BF SEUsES B2 2 Y= AFTHE S 5% 52 10%
ool 71748kA] Rk Wil AR e AR S 74T wEkd AA L
AR BE 1A 2R & S FEste (Yol =HIE A
| 2 2 ooz Amzn
ZE Zy 2
TEHS 1A A2 TEHS X KRR

InE 0016 (1) 6012 (0™ -14% (1) -1.373* (0)
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