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An Empirical Analysis on the Co—-Movement between International
Carbon Emission Trading Prices
2RI LS
Kijin Kim - DooHwan Won - Sukwan Jung
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AHIEH 744 7 3HEE &AL VECM(vector error correction model)S Sl Granger Q1mHAH 7t
BEHUY, ZHUSo+E Sl AT ¢ IHg5E=27t ':'”E|°“1f A AN AIZS HEH T 2t 3
HE AL ZEXHStH X8tk RS SISIACH HIEH 7t AO[0f] HH7| QlatatA= X2 &7
QIILEA 7} ZXHS0 HE# 7t 2+ Z QIEA7L EXfSHE A= LIEHHCE ESH HiEH 714 7t 4S
OgE10t 2 A9 = LIEKEL. & A7= QalLidt BAMEH 7Hat OHE /10| BAHEH 7t 2t

S8} ST SEN QIIH U IIFZRE BAGIACH: FoIK 207t Uch
SHAFHON: EAMIEH AE, SX3, AYSH, X2, ATt 2

Abstract: In this study, we analyzed the co—movement between the carbon emission
trading prices in South Korea, the European Union, and New Zealand. We examined the
co-integration relationship and the Granger causality between the carbon emission prices
and analyzed the transmission path through the impulse response function. Consequently,
we found a co-integration relationship between them. Although no short-term causality
between the prices existed, a long—term causal relationship did exist, which contributed to
a strong mutually causal relationship. The impulse response function also revealed the
transmission path between the carbon emission prices. It is meaningful for analyzing the
causality between the South Korean carbon market and other countries' carbon emission
markets through the Granger causality test, which fully exploits long-term stable
relationships.

Key Words: Carbon Emissions Trading Market, Co-Movement, Co-Integration, Granger Causality
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l. A2

19979 EJAHA A ATIA FE 5 o et FAA {4
9] stEA eAEEHE AHA(ETS, Emission Trading Scheme)’} £
Ut o] %, 20059 FHATS AZCE AlA A oA SaviEd A
a7t dYEo] &4 Foldt. trkre] HiEA ARG 42 AAE
A F3 A2 Aoljt Aot AAE 7ML FFEHIL Uk FHARY
HiEd AP A 7 237100 siEgde 2YedEl s 2010‘—‘“’41 3
WA B S 7HA0] A&H 07 stestiAnt, Syt HiEH A
o] B HiEH 59 E4A40] ot HiEHo| A FFE o] 7HH0]
T otk olA" 7 X9 HijE&d A2 R Eo] 2FE o] HiEd
o] 4% ZgEA] gh7]of A 7t 7HE AR} ofb A WAk QIHh D
71 (efficient market hypothesis)ol] W2 7§ wi&H 7143

AA AA} Ao ® AAEOC] 7] wizol AlFelAl o]& 7Fett
nE JHE G JFr(Seifert et al., 2008). THAHEE 7H4E2 YT
(random walk)st7] &0 2m&d 714 shuyvto g s 2z9S
d&s571= oj Pt AEY7F HA:(law of one price)oll sl A H &S
LS HAHEES Adcsks A 1 7HES BV 2R 5
ZSFITHE S 5, 2005 TS ZA1, 2007, ¥ - 2849, 2017).
d 7149 q&2 ofg ok, ganEd A9 714 Tt
&l AL A Eo] 7HsdiA7] wZe] FX3 S ©

>=

[e) =2

a2 RS St e sYsked 498 Fa% Jug 2
o}

1) HiEd Aol A9 EH ol 2YHH = 71 F g0l tet A, SA414 oI &, 7]
FHske] AP Ak, oA 7H4 | g XSt ofF gz Migd HEAS &
Z312 7hsAdol AnhERE - 1A%, 2007).



=M SAHEH 74240 SZ3t HM0 B2 = 3

(2007), Mizrach(2012), ¥4 -284(2017) 5] Ytk ZHE BAL
HiEd 7H4 7t 523 A 55 ook ol F-8&sHAIR x5
AEU HiEd 7HE 1 A4S 9T kol Bt AR E AFSHA

A7} At} o]F BHA57] A3 Granger(1969) Q13+ Aol &
Atk FAARI Granger U2 A7 FBA O B JEE S84
5ol A7} Qo] WE A F(VECM, Vector Error Correctiom
Model}Z &8l -7 Granger A= EAohH= 44 Y A
o] WHHIL Utk VECMZ &8 A7 IS w4 At oA
419} FA/d%HOh and Lee, 2004: Ruhul et al., 2008), <A L-F-A14<]
& (Wilmot, 2013; Ji and Fan, 2015; A&4 5, 2007; &5 -a€4,
2000) 5 A 2 &7 EopollA ARE Fol AR, SAaHEd A 53
—?—E]"}E} EV\HHE;J /\] }'% g s R4S A4t mEet A%l

A = .

% Aol 74 Thest 2ok ANAA HWEA A gt 71
72 guat olF AUl 24 A8H A% B 27 F

ANGAH 20 155 A 2 AAE AL, A A

2) IEA(International Energy Agency) of 9l5tH 2016 715 A A A o] AtsterA viE=F
9 60.5%7P oA YA 9 FoR))a} AFY Eofoll A LAYsEA T @A =7
£-2 227} (super national) ‘:}HE HEH ARAZE APt Y= AD F ¢
ﬂb}a}g} FHAY, FEAE A AgGyto] ovX] Bk A EofE EF X
oto] HjEd ARAZE Aol QUTHICAP, 2019).



. AL
20059 SEAT S2uhEd Aol A ol WA A% o
g A7t B AR Uk WEA Aol g A7 e
FH0E ool Uk W& A0l B ke A7k
7o) WA, WiE 7140 2489, WEd Ao Bh] B AT
of 2He T w ) w2 Ao %@oﬂ ¥ d7E B 5
54

XH Sto] "W’ s 7} FE Oexé? Zu\——f_f—ﬂi st A= YETh
webA EUA 744 7F dE971He] W &]o] Ao, & AP she] A%
< TS g5kt 3L, Granger 193 AR Boto] 27 H
& EU-ETS7} Nord Pool Al AXk(leads) sh= ALE UEFHT
greet- 74 4173(2007), Mizrach(2012)= A= ThE A9 Hi&d /\] = o
BOE AP} R 7hs/dE EAISHIH. e 472007 FEAR
Y EUAE A=dk= ECX(European Climate Exchange), NordPoolJJr =4
A= o177t gl vl=r WolA] ApdA o= LY== CCX(Chicago Climate

3) etauiEd 714 9] 23 8%l tigf AF A% 2 AR Fol& 5(2016), BFe
A- 5%*0(2017) 432018) —Ol At Fol& 5(2016), A-TH2018) F+HS
ez, ued - 2844(2017)2 SEIU=hE ez £4sHt



Exchange)®] &3 Hi&d A& 7H4S tio® BAS Agsiqitt. #4 2
WA A 71 Ztele A7t g8APT EAIskE A os UET: = A
AR -G o]Fo] BASE AFloA EUA A& 7H3 CCXY] AE 714 7tol]
£ X3} @AYol TS E]Iokr}. VAR(Vector Autoregressive)E &3t
Granger A #4014 EUAE Adfishs 42 + A4 wigd 714

Ztolls AE-A1A axp7h EAsHARE 7-42] ECX, NordPool Hi&# 7H
AHo& HojA Q= vl CCX 71 Afolofl= Ae-Ad B3k Gtk
g WS

Mizrach(2012)= +H<%e] EUA @& 7HE3 b= S5 A9
RGGI(Regional Greenhouse Gas Initiative) BiE&d A& 7149 AAA
4SS RGCL 743 EUA 7+ 7t 3-2% #A7F £A4skaL, RGGCI
7449]| $0.10 2= 7FstH EUA 7H4o] 3F 2o $0.64 S7Fot= A&
Uehth. 18y vl=oflA viE S A Al(cap and trade)7t =Y=H
A = A 2 A7 ZE/ATE AR

Hed - 284020172 YUt ganEA A 3ulEd (KAU,
Korea Allowance Unit)¥ A4¥i&3(KCU, Korea Credit Unit) 7+ 524
= TAE AT v ganiEd Aol idE & 4 7
(20159 19~20169 69) o8 EAS 23}, F 7H4 1+ 34% &
A7y EASHTE. 1=y, AA A7E SR 942 20159 997HA] 9]

[
i)

to 1o

ARATE duER mEd AR Fge 245k divEe d+H&

A8 5, 2005 B4, 2007 Mizrach, 20120 AL} B
23 7H4 7 B RYARe) Had A% JuAd B A 7

5 2 lshy] o) B BAL B85 Uk THE A

L 02 M 3 BRIE B AYET olRE skt 6 $894

W 953 714 7F JEUAY Pt Fxo Fo] Be YuS
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Johansen(1991) =%

o] A= %t} Johansen(1991) B2 VAR &
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Granger(1987)2]

7t Granger 9!
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o]- &= tH(Masih and Masih, 1998; Oh and Lee, 2004). Granger(1969) <1



HE 714 9] 9]lo] B & 710 WA= &3] tish AR Al
Y =2 FYsh= Ae it wiEd 74 7t THE BAY A &
ol w2k VAR 22 VECMO] ©1-8-2 %= 3ltt. Granger 133 AA2 Al
AG ¥ 2 A% 7hedE AR Wl WEd 7He S22 vied
7H4 2 #A S e AARt wEbd EiEd 7HEo] 2 o
TAE WAL QoW AR £ VARZE o] 8EHTh SR #AVE JoH &
7| HBEAE ZTE VECMO] o] §H T} FAR #AE EAZ = =7
s}al, VARZE o] 8t B7|H@uAcl Bt $83 RS iAsH]
el 2g A7) 277 dAD <= JItHEnders, 2008). ol HolA
A% WAL EAsHE VECME B g Aol BE Granger Ut

B
B HiEd 714 1 - E AT 4 5tH VAREZS 4] (D
o % Ath(Johansen, 1991).

p—1
AY,=TY, 1+ DAY, +e (1)

7=
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ol
rr
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N
offt
i_o:h
e
=
o2
N

a2 A E (adjustment coefficient vector)E YERATE 3E
11 2] PFr(rank)= S4RE HIES] 2F et Johansen(1991, 1995)2] E41&



VECM= &%t Granger Q17 FAAL AEHPe} A7 |43 TA 9 A
F9 FodS AAcks WHolth AHREHS Aedte] Fo42 9]
AT Z-2 WHweak) ANIHd= UEHHLL, 225439 A4t 724
< 47] Qe yEhdnh ©7] Qapdat 7] IS 49 o=
Zol= A% Zstrong) Aol EAct= AS |t Masih and
Masih, 1996; Oh and Lee, 2004). 4] (VoA Hy: I'' =T, =...I,_; =0
of thsl HF7HHo] 71ZtetdE @7 JAAIAE FdHstal, 18R goH
7] JATBBAZ} §ith= A QuIettt. H, : 11 =0 of tfsf AF7H4o]
71Z¥shd 7] QA7 Ad-stal, 184 o A7) AT ¢
Oe A& Yepdch 2802 Hy: I =1y, =...I,_, =0 & II =09
sl AF7Hdol 71Zkst 7 AAEAYE AEdthe AS oE|eith

1. Xtz

% 9+ ICAP(International Carbon Action Partnership)ol| A |55}
Sds FAHe a2y 2yt 20166 19 5904 2018¢
12% 2997121 9] AAHE7F4 (continuous spot price) D (daily) A=
S ARSI Y ICAPE RS BU-ETS, waH=9] NZ-ETS, digt
91=-9] K-ETS & =7} @92 viE&d AHA =7t A= A= A
HjEd 7H4 80t ofyg} uj=ke] RGGI, WCIeH 5=(770 A|¥) & AF o
A= APE= WiEHY E8 2 AH 7S SEHCE AgRith
g4 HiEE AdAle 842 9= #I5to] 3~109 Afel2] AE 7]

4) https://icapcarbonaction.com/en/ets-prices.
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Hphase)& 7M1l 2. AFOIA A= wed 452 A8 7
d 51 245 Fote] 7t AAEE olddxd s FEste
7ttt S-2ueEt S MEd KAUS| 4% AE 7]3ke] AlztE = 8
o Hz djv) AHLI=RE HF o]FA= o 2] 68 0L EFL E
= EQYY Ffole o= il ANDAA AHEH =4,
2017). ¥iEd A= A= 7I3to] olP Aol g0l A3i#]7] m&d,
HEd 71 8 Ame S eE AAge] F2 540 Sl I3y
ICAPE= A8 7713} o] A/t tEfte d2dE7M42 JH= &
aEiEd AFY 71 A=E ASsL Ao & ATolA= ICAPY] A=
g olgstol e Aol ARE AmET iAoz I AIAES &
Ha = 3l olofl f-Euet wiEd AT o E A9 wiEd A%
AANA 2L = AT

& D2 Z4ot=t A wied 7H 9Are 7|2 AdS HE
ot vao] ddge fsf wiEd 7149 shE e FE2Euro)= §Y

%

_

¢

3

o

o ot

(B 1) 7I=8AE

ey 257 H7 BEEA | Aay Aciz}
EU 690 8.8848 5.4776 3.9100 25.1900
New 690 11.4339 2.1389 5.4712 15.5222
Kor 690 15.8919 2.3253 9.1791 21.8779

CHIEE 719 S el R2(Euro)oltt

A" D2 249 b3 #EAEEU), #EHENew), F-2fvtet
(Kon)9 [&d 714 Fol& HojEt} feuetel maHEs W&

g 7l v FA Y-S BolA|H, EU ETS

7t
AL e AolE BTt Tt Al7o] Aol wet 1 744 Hol

5) [CAPE A} s 9] 714 X}Eﬂ- IMF(International Monetary Fund)2] €8
& AR E AMESto] 1&gt e 2 52 399 siEd 7HE AR E @A Algst
ik
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2% At

99 AR 2 FEAT wiEed 749 sFEHSE PP 43
DF-GLS A78°A AF7Hdo] 7124 =A] AR, 123} AF2shH AF71Hdo]
717 e A0 yEith debd Ay wiEd 72 (D)elzke
< IRIT & ot wERE HiEH M Syt HiEd 7149
F=WaE PP 443 DF-GLS A401A tha: Aol7t it PP A2
5% FoeEolA wAHES} Ut wiE&d M4 9 o] tisf
AF7HE 7175k [0 & 5 YA, 1% FoAeEo 2 Zo)std
AF7HdS 7124kA] &) ()91 A2 & Ytk DF-GLS A7 2%
AHe 9 vt #iEd 7L 5% 9 1% FoSolA ()Y &2l
< 4= Utk DF-GLS A4 PP AR KT ¥ A REof|A A%
Ao g AdHA QAtHCook, 2004; Vougas, 2007). TEtA Al 714 W &
F IDo& AAsta & 4 P Aol

I 2) ool 2% 2t
EU New Zealand Korea
ARy
SEHS AR SEHS AR SEHS A2
PP 0.6950 |-25.5790%** | =3.2900** | -22.0590*** | —3.1360** | -22.8150***
DF-GLS 0.4050 | -2.8390*** 1.603 -2.8420%** | 0.2870 |-16.7840***

Z 1) NZt= AIC 7|F02 MEHS] R MA|XIE ALRE
2) #x %% 2 19, 5% 2Z0IM Q.05

saulEd 7HE 7 A7 F g 2AE EA5R=A] F-IsE] $15) Johansen
@%%@@ﬁ%ﬂvéﬁiﬂ%w}“ﬂﬁwﬂbsﬂk$q%%1
S AARR= 1 B 22 11 AXsth B4 A3t
33 2ot 34 %w4(mmV}mEP-ﬂTﬂ”ﬂt%HEﬂﬂA
ZH41.006, 37.580)°] 5% 2] UAGH29.680)Ect A4 AF-7Ho]

A

= N

ot rlr

714 A Y SAE H*rﬂ' Zol= 172k A7l dis) Edo]
& SAH12.549, 13.418)°] 5% 2] AAIGK(15.41)E Tt ZHobr AF7HE

ftfo
N
)
ek

g Ao ekt weba] Al A HiEd 7 2k 1)
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¥ 3) Johansen 3X& AX Zu}

Johansen Cointegration Test (p=1)

Rank Eigenvalue Trace Statistics 5% Critical Value
None . 41.0067 29.6800
At most 1 0.0405 12.5496** 15.4100
At most 2 0.0558 0.0558 3.7600
At most 3 0.0179
Johansen Cointegration Test (p=2)
Rank Eigenvalue Trace Statistics 5% Critical Value
None . 37.5803 29.6800
At most 1 0.0345 13.4181** 15.4100
At most 2 0.0192 0.0756 3.7600
At most 3 0.0001
1) pe AIC 2 SBIC 7|Z0i| W2t MELE ZIMAIXIE 2|0|BHCt

2) = b% +EUM R

6) Chevallier(2011), 20]& 5(2016), 343H2018) 5 &4 712 24 8ALS
h0] d7to] 2 sh4 2 0] 7t L ujE&d 28 A s 543 8119
iAo gt a7 B2 A HEo A ARek MAdvtAE v Fa-aFo] S|
et g4 TAE 7T {7 A5 2 QIS Aeko 2 o] tiA 8 F7H= ehAulE
Aol =8 719t 74 A5 o= o]od &= 9l



TAE AL A A9 7HE 7 FAE BA 9 24 55w
& QAT EE 7HE 7 523 32 T AL} AA 9] vk
st JHE A|lFotA| Gt Mk o]E HA4sHr] Yol VECMo] A&
AL 4% Aike (F 49 Er

QALY Al BF BAZOZ Folgt Aoz Yeht Al AR
HiEd 714 7F 345 JA7 4%t AS ST 4 ot viEed
7t M52 A7) AApHaoRE 399 kS why, ok E HjEdE 7HE
5o Fo3t JFE HA] Y= A0 E YERT o= VECMOA Hi&
H 719 HES AT o A4 A HEsd A7 |FITA Y JEIL S
asttt= AL 9ugith

(B 4) WEIRAHDY 23 21t
A In Kor, Aln EU, A ln New,
0.1315%** 0.1204 -0.0161
A InKor, (0.0378) (0.0646) (0.0189)
-0.0018 0.0179** 0.0057
AlnEU, (0.0223) (0.0381) 0.0111)
-0.0451 ~0.0590 0.1578%*
AlnNew, (0.0753) (0.1287) (0.0376)
-0.0050%** 0.0082%** -0.0029%**
ECT, -, (0.0018) (0.0031) (0.0010)
Constant 0.0013%** 0.0012 0.0013%*
onstan (0.0004) (0.0013) (0.0004)

ECT, =lnKor,_,+15171ln New,_, —0.3374ln £U, _ | —5.6855
% 11) AIRKE SBIC 7202 ME{E ZFAIRIS Al E
2) **= 1% $E0IM 27

VECMZ &5l Granger J1IMdS AT 2H= (E 5¢ A IA
VECM S8 230 A olidstlzol &7] A A-Z43 5% foa
oA Al A9 wiEd7HE 7F ©7] Granger {1330l AJHoHA] ekt
a8y Al A9 siEd87HE 7F AFS A7) Granger Q1IEHA7 AEsH=
Ao R eyt olgfgt 7| JAAIARZ Qs Al A 7HA 2+ A5 7
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4 © SAYM H27H H3S

(strong) Granger Q1 HA7} Eok= A2 Yepyttt o3t 2
HjEH Aol 435 JFE FH vjE&HrEo] Fxsleto] 2o 51te]

%8 A% B 4 Yok A2 gujdch

(X 5) VECMOI| 7|8tst Granger Qlakd 24 ZAn}

B A | F71 QA Y QA
NZ-ETS7t EU-ETSE Ql1f5HX| 4= 0.2100 7.0800%** 7.6200%*
K-ETS7} EU-ETSE QIu5HK| 42 3.4800 7.0800%** 10.0400%**
EU-ETS7t NZ-ETSE QI5tX| 43 0.2600 10.0300%*** 10.1000%***
K-ETS7t NZ-ETSE QI25HX| 942 0.7300 10.0300%*** 7.9800%*
EU-ETS7t K-ETSE QI5HX| 4= 0.0100 7.2600%** 7.3400%*
NZ-ETS7} K-ETSE QlutotX| 943 0.3600 7.2600%** 7.3700%*

T % 2 1%, 5% 20N 908

A=71A1 9] VECMZ &3t Granger Q1¥H] A2 viEd AIolA &
AYJ A&/dolu ot Al 71zl S 0] v Al m|A= Fol gt
RIS EASH] Xtk olg HEsh] s F4-WHe(impulse-
response) 42 0|-&5t3At}. FA9S-E<~(Impulse Response Function:
RE)= tAIRo] &7 W] 7ol £EA0A o @919 SE540]
VAR &2 VECM 2] A4l & th2 #of| n|R]= 584 JFE HolE
(Ruhul et al., 2008).
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EuEte] gaied A2 HdE A Aot HA] got ol #et A
Hip A57h ojRdet Aol 22 A9z 2o ganed A
AASE Sl FA%L SMFR AAEHIL e ARBIA FEuE e

AP O E =71 BiEd A dAE EA4shke A2 vt St

A7 EAste] 714 &
A% sto] S gaElEd Al
g9 ﬁ?%l EL EOH 71~L—*é°l 5111‘5 grelotiT
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