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| Abstract |

An aim of this paper is to test four hypotheses on price volatility in the CO, emission markets focusing

on European Climate Exchange(ECX) in the EU Emission Trading Schemes(EU ETS) and Chicago
Climate Exchange(CCX). | expect that, due to an influx of market information, a differently designed

* swiho@kyungnam.ac_ kr 45
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exchange market would bring a different price volatility, and various types of emission permits in the
same exchange market would result in the same effects on the price volatility. Major findings are that
the price volatility is same regardless of the types of emission exchange markets and emission permits
comparing the rate of returns. However, comparing the GARCH variance, the volatility between ECX
EUAs and CCX-CFIs and the volatility between EUAs(CERs) futures and daily futures are different
with the exception of the volatility between EUAs futures and CERs futures. In conclusion, the price
volatility depends on the types of exchanges and the types of emission permits.

I Keywords | Price Volatility, ECX(European Climate Exchange), EU ETS(EU Emission Trading
Schemes), CCX(Chicago Climate Exchange), CFIs(Carbon Finance Instruments)

I.M 2

AA et2u&H A AIA-S EU Emission Trading Schemes(EU ETS), New South
Wales(NSW), Chicago Climate Exchange(CCX), Regional Greenhouse Gas
Initiative(RGGI) o] U=Hl, A2y Azl 7H & A2 EU ETSo|
t}. EU ETSol+= European Climate Exchange(ECX), Nord Pool, Eurex, European
Energy Exchange(EEX), Energy Exchange of Austria(EXAA) 5 o2 A7t A=
] ECXofl A A 2] 80% o)A A st ¢tk ECX+= —*—Ekﬁe}%‘f(cap and trade)
Shof| A 20059 49 H-E] EUAs(European Union Allowances) A&7F 7 &jslo] @}t
20081 CERs(Certificate Emission Reductions) A& A& F7}6FH 1L, 20099 345
€] EUAs®} CERs ﬁ%ﬂr AES SAlo] Asto] ghet Wb, CCX& 20033 7 H 2B
% geFro 7 uj& A A1&E2l Carbon Finance Instruments(CFIs)& 7 & 3lo] $it}. B4
S e MRS P, oUA AT 2o AFacla ¥ wEAA b
S AR F ALY, AR A%, HELE
o wEsb) Bu, olzia aols el Wate] ety g

% 3 Aolth. =, AAH R WEo] AEm e
EU ETS ##j2:9] 7b2 st Aurael a1 7|22 53 gl CoxejAle] /2w
ETSe] %9 A% EUAs 453} 9%, CERs A%}

1) Christiansen and Arvanitakis(2004) &x.
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BAHIEH 71AHS Y2 7HEHT - ECXQ CCXE SHe=z

=&l A ofu] = A47F AP gt s A2 Truck et al.(2006)2 EEXO]
A etavf= Hol4=2](convenience yields)S 241517] 93l 714 WS}, 7171 HE
e Fx 9 Aolgt EUAsT AiAIsE ol&ste] #4531, Daskalakis et
al.(2009)> EU ETS<] A 7i¢] A&l 4~ (Powernext, Nord Pool, ECX)E tjAte = -7t
U (intra-phase)of] A 1} -7t ZH(inter-phase)o]] v ] 2| (banking)E A& 745, A
B7b20] AR AeEe 0)d Aolek B 4TS EojE AR §4S o8
A7z} 9955 (hedging) A2 S AN AT, FHATR BHE - F5F -
£74(2005)2 EU ETS #2]A|&42} Nord Poole] &-&2]olel= 714 3} EUAs<]
A7} 2] (law of one price)& B3}, SHEHS} - 7] A7 (2007)2> ECX} CCX
Ao 7 AT AR e o] 85ko] ECXS} Nord Poololl A 7 e 5] EUAse] A
7be) WZe weleh 223 Aol - EA008) BauE ) 1AM
A s EAER e, eAdR(2010)2 EU ETSS] ECXAFel| M et d=
arom wlo) gkl wet AEselgel Wil e Arstdtt.

AanAe] eanad RAS EUETS A4 U Aze 7t 45242
U, ofoll F7Fsto] COXeRel 7HAE24dE T2 243k St 1
2 Y EAo] g2 wjEdoly wj2d MET AE 71 7HAMEA | u]X
gk AT ARe Aol TeA Aol A EUETS Hg) #As49) ECXo]A
el EUAs A&7 CCX9] CFIsE diide 2 52 7 d AR w9ol 714

o]
A=

e,
1| D
e £ FN X

=)
>

flo

o

A
>
of
o
N

rlr offl
X
)

of ojH JFFL u =X H]_u_o},ﬂ, ECX/\] W Aa}ﬂb EUAs Hgﬂr CERs A&
EUAs A=3} 3 2]
Al th5 oAM= g H%? *P‘bl Gk -—2—- 3
Blas] fek 7Hde dART MM = 2429 5 AASAEE 493 & 4

Aig AAIstaL, mpAee 2 VoA gof gl A& e

I. EtAHIEH FHAIZel g A 7H84F
1

AA gl & A= 2006955 20098714 wid Hat 70% o) whE SRR
g7ate] 2009 ¢l 8,700 MtCO,e7t A= k. o] & e A el A% (allowance-
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based transaction market)ol| 4] 7,362 MtCO,e7} A =1, ZZAE7|HL A AR
(project-based transaction market)ol| 4] 1,338 MtCO,e7} A= = At} SsF A=A
(allowance-based transaction market)?] #A2|aF-2 EU ETSo| A EUAs HE] 2 86%<]
6,326 MtCO,e7} A= 1, RGGINA= 11%9] 805 MtCO,e0] 7 =0 m2),
Assigned Amount Units(AAUs) @E| 2 2.1%¢] 155 MtCO,e7} A =it Z2AE
719k A 2 A % (project-based transaction market)of|A]+= 2%} CDM(Clean Development
Mechanism) A|7&o| A CERs e 2 79%<1 1,055 MtCO,e0] A= %11, 12} CDML
2 16%91 211 MtCO,e A= QTHIE 1 =),

| 21 M7 2AEA AAR o

0
Ofor

(Ef2l: MICOqe, BHEF EHEd)

o 2006 2007 2008 2009
o JoHEE | HoHsS | g | HoHsA JoHEE | HoHsS | ACHEE | HcHSH
S HoiNE
EU ETS 1,104 24436 2,060 49,065 3093 100,526 6,326 118474
NSW 20 225 5 224 31 183 K7 117
CCX 10 3B 23 72 69 309 41 50
RGG na na na na 62 198 805 2,179
AAUs na na na na 23 276 155 2,003
A 1,134 24699 2,108 49,361 3218 101,492 7,362 122,822
ZEME 708 HeHAIE
1A CDM 537 5804 552 7433 404 6,511 211 2618
2Xt CDM 25 445 240 5451 1,072 26,277 1,095 17543
J 16 141 41 499 25 367 26 354
IE&; QEH 33 146 43 263 57 419 46 338
2 611 6,536 876 13,646 1,558 33574 1,338 20913
SA 1,745 31,235 2,983 64,035 4836 135,066 8,700 143,735

A+&: Karan & Philippe(2007, 2008, 2009, 2010).

2) EUE I E 9|FA 0|8 S&XX|ZAM 1998 7|ZH 510 Chst REHES ZAE WEXZHClimate Change—Towards an
EU Post—Kyoto Strategy)OflA] 2+Q|=|0{ 2004 3 Z7tH{E7|El(National Allocation Plans: NAPs) M&ES Ot25t0
2005 E] 2007 AVIX| EU ETS 17] ZHEQ! Al#17|ZHMandatory warm—up phase)2 AlZ5H 1, 20050 A 20071
TER] 17| AH7|1ZH S0 st EMES H2t6to] 2008HEE 2012E7KX| 27(21 ZAMA wETHH|(Mandatory Kyoto
phase)E 24X 2 Algst QUCt EU ETSOl= 012 Hzia7t U=dl, HeliEl= tHERH thEES ECXUIM H2iz Lt
HX|= Powernext, Nord Pool, EEX, EXAA SO|A HeHE1 ULt ECXe= O=229| CCx2t ¥=9| IPE(International
Petroleum Exchange)7t A&st Hz{ARM MEY DMMAES 1,0008 T2 7Helisk=s Ao A8 2009) &=,
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+H

BAHIEH 1S Y2 7HEHY - ECXet CCXE &4

|0
tu

L

HEAANAY FollA 7P Agsko] B2 EU ETSo|A = dif& viE&d A 3
B = ﬂﬂ%?ﬁ l=tl, EU ETS A Z 80% OWg A5l 9= ECXa= 20059 5
E] EUAs AE7 Agisle] @th7t 2008 CERs A& 271819111, 2009 3L 5E
b‘ﬂg(Dally Futures)o Adsle] gtk CCX= 2003Ld$~E1 APFA o7 S e

2 201097HA] 6% A7t S SE2 A WEE ANE Adsa Atk
SR=
H

CCX= 714, 45 H AAT, 2578, sidA 3 59 5 350709 gdA=
il AEAA AN AL = 67 2ATE BEE YR A wjEEHA

HE At ¢9loms), ECX, MCex(Monteal Climate Exchange), TCX(Tianjin
Climate Exchange) 52| A4t AFHAE Wi Qct.

AEAolY FeAdA AdT 22 EAl= AIF 7lsS ASA71L
o2 A BA43E Adfishs adelag, Ay 54 sFolv FHE &
ool dat A7 Wasieh 98 RS AEo)
Se4 WEAoR BAT 4 Qi ol BAS AT ol
TEAEE FHCE WE dA7E o|FoA %}u}. Milanos(1986) Khoury and
FHYEL GO AEAZY W7 tohgel o
&, Mﬂanos(1986) Board & Sutcliffe(1990),
5o FAG ABo} EBAE A%
54 Avshach &N A4l
A% gk A5 gte] Slet 54 grof elare st ol RolA A 2oy
Ellerman and Montero(1998)= 1990 Z3€| AJgiE o] & u|=o] A= wj&H
ANAGE SO R AFA(ecpost) ZHARAC] Bt NFH ATLE Ssteln
Meada(2001)2} Uhrig-Homburg and Wagner(2006)+= FHAIS hHAFLR2 o %]
(banking)®| T3} W ME7}Ao) gt o2 X Raz} wjE7 Stekol] vl HagatEel

At AAA Feks 2ASHAHY oYt AGHE HiE

ofs

ﬁ o
fu)

o

o

fu
_“i

N
_\|1~
_\1

N

to

2
_El

rim

_}L

_lQ

) g

© & Bohringer and

3) CCX 3|¥At= Ford, Dupont, Motorola S2| 7|1} Oakland, Chicago S2| FHE U X|H™E Tufts University,
University of Minnesota, Michigan State University 2| W& 7|2 National Farmers Union, lowa Farm Bureau &2
S0ick 2 58 S 350702 ERIAE =1 U www.chicagoclimateexchange.com &,

4) Truck, S., S. Borak, W. Hardle, and R, Weron(2006)0{|A] XHOIE.

49



Langer(005)= shiul & A A% 7hAo] Fare uAs RolSe] et A7E
Zeste] gt} 18]l Benz and Truck(2006)} Paolella and Taschini(2008)+= gF4-H]
23 A5tk A BA SeH 9] A5l ojet o mEe o
T3 tES) Truck et al.(200 )% 71E2A TN A EaEd AEAAS 1HsHA] &)

I Qlo] ganjEd 7HEFeIY MEA &40 S st Q14 stofl EEXOlA &
S MEAAS JRUAR A0, BEET B4 comvenience yields)
2 2435 SERES AlFFch 1837, Daskalakis et al.(2009)-2 EU ETSS] A A=
4~ (Powernext, Nord Pool, ECX)E 4oz +7F Y(intra-phase)of A1t 7+ 2+
(inter-phase)°f vj&=H OE]]X](bankmg)% 228 A HAEAAS] SE=AHu G840
QEIE oA ANE TR AEAGH 27 Yk b ko] 4B 4L
o8t 72 70} Htﬂw(hedgmg) Aue e AXs] BavEd
A ole] AR A SIS REIE, oS T ol 5 A7 =

g gans @ 4 Aok

A& 71g sk it 2 AT R R4S - FS5FE - 2-84(2005)2 EU ETS
4914147+ Nord Poolo] &&lo]eh, o174 A5 EUAsY| 7H4e dad7h
#(law of one price)o] 4ok Frkiz 714 sholl o) % EAsteATh %, FUT 4E
o] Abo]3t = A& oA AEA77F A &S H
7o} A arbitrage) o) 71817} WAlske] A7) Mo B AEel s 5 7ol
A= th= Aot stelEl - 7147 (2007)2 2 A92](2005) of| 4] ECX2} CCX 7
Aol 71 A Ad @ 0]-83ko], ECX2} Nord Poolo| 4 72 &= EUAsO| A A=Y
7}e] MzS B3, ECX7} Nord Pool®] 71248 Axdltts A28 =319} 12
I CFIs®] 7142 ECXol| A A # == EUAs®| 7H4 o FaF= =347 Nord Pool o] 4]
AR E 3L S BUAsolE @are wolx) Eateich. 140l - uh (008, W 0%}
SAuYT TdTol S HEstel EU ETSY #8 @aulEd 7d 442l Nord

Pool, ECX, Powernext, EEX, EXAAS Ao &2 7}AwrA vl 1} A| A7t =
skt ols ARt 7HAH H iiﬂoﬂ/ﬂ Tz & ddEo] Sl 7T
Nord Poolo] A=A 932 5} 11, Powernext?} EEXQ] 712 ogFgo| arc}=
B

3L Q)
AZS =&35k9ch 181 =A3H2010)-2 EU ETSS] ECXA| A4 A& &

=

o
—lrl
>
o
e
N
ih)
Wi
s

ofl

¢

o

=
.‘_,
N

)
2 54

5) Paolella and Taschini(2008)= HIE® $#S9| AESUS0| HIZEY 2= M| ERZ(Pareto Distribution)2| HENS
20|13, ZAEY HPE GARCH £ZE HOICtn 3ict
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BAHIEH 71AHS Y2 7HEHT - ECXQ CCXE SHe=z

o s ghrjof Hgtel| upet AEES] HEdol daiA A s, ECXell
A A E= AEY SRl weba M2 Adolskilth &, EUAsS] Z4-9-+= 1717t
7V e whet gavfEde] AEeEL] ¥MEol AXtHE Samuelson S3HE A
A|5kal 9131, CERs —4 74 W71 aE UEt = Samuelson EIb= A A E x| Zokal
UTH=E AL B

A WA S B AEA, FEEIAE A AN B0
2 AAAY FUD AES AdSH 4EY ABW} AZo] AEHEAE FHOR
BA5te] gich e Alold BAS 44 wiEH A 408 WEACIL FU A
A ol A A BB AEY WEAHe et At nlugk Agolct A £
AL o]F AR MEAe] FATX 1S Mol ulm BsaA Fk

3.

ECXoll Al A# == EUAs A= CCXolA AefjE= CFls= 7|53} tf5-5}7]
ATt SamiEdY] FRoIARE & A B4 Aol= A friE= ARV =
A JFE ujd Aoz JAE =, EUAsE EU ETSH|A| 5o A 71k A & (NAP:
National Allocation Plan)o]| wle} A& o2 ditEo] uj&H JojHo|} RERS
Aeets AFZolal, CCX-CFIse ApHHa 0 2 2hofsl 3| YALS iAo s 7H=Ex
= F18l Adste FFlEE Al fFE= FEY S0l FHfof webA F Al
oA AdE= gavjEAY 7HAMEAEE o E AeR JgHH. &, ECX EUAs
AE3} CCX-CFIs A&9] 71AHEAde Zasits AErM4H,)L 7125 o] ECX
EUAs A&7 CCX-CFlIs A=9] 7S 5 YstA ghthe dHE7HE )0l A

g ez et

mrﬁ
ox

7}4 1: ECX EUAs 41E37F CCX-CFls {1E2) 7}2HEH.e Fos)r).

u}% ECXell 4] 7Ae )i 4521 EUAs 487} CERs 4%, EUAs 427} @,
CREs 43 RES ST RO AdRE 4EOE Agdl $U5E Buol §
ARRE G W Fo|BE, oY FAUEHS GAT RO /0T 4 Utk oS
Jlgros thge] b 2~7bd 48 A3tk 3, BCXOA A 9E79l EUAs
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A&7} CERs A&, EUAs A&7} &%, CERs A
= HEHo|BR o]&59 P—%Eﬂ%*é% Y
EUAs A&} CERs A&, ECX EU

Fdstth= AFHE(H)S AHEgE Aoz o

o
cit
i

7}44 2: ECX EUAs 41&37 CERs 159 7}Z ¥ EYL FoJslr)
7} 3: ECX EUAs {E7 §E9) 71 HEY:L & Y510
7} 4: ECX CERs 9] {E7 §Ee] 7}AHEYS FIsi)

1

. BAHESH 7HAHS Y9 7M4EAF
1

CCX= 2003@H E1 CFIs @2 X &sto] 911, ECX= EU ETSH| A5k A 20059
4QJHE1 EUAs A &2 A#ste] geh 123 ECXolA] 2008 39 =€ CERs A&7
7}0}ML, 2009 3Yo]= EUAs @ CERs IE% 271510] A st A2t
t}. %%_‘ AL 7Hd 1& AAsH7] 918 2005 4€5H 2010 84 Azid
ECX EUAs#} CCX-CFIs¢] AR 2 o] g3t} 714 2= ECX EUAs A2} CERs Al
o] Al A= H 2008 3LFE 2010 8ETE tht o2 HAsa, 7Hd 32
EUAs A=3 @&, 7Hd 4= CERs A=3} d&Eo] sAo A=l 2009 3L FE
2010 8-S o g HEAHdS ATt

=
=
e

&

ECX&} CCXofA AdE= AEFS9] 7|2A RE <3 2>9F 216 2006\ 44 H-¥
20109 8YU7}% CCX-CFIs¢] 7}A<S Egt 3o 241$0] 1 EUAs MBS Egt @i
14.73€ 0|1, 2009 395 20109 8$UW7}7 e EUAs(CERs) B Edt B

1234€)0|th. Y=t SO G 2

14.03€(12.26€)O]i’ A= B9 H 13.88€
T+

e
=
A1l e 9% 71 Dol mopol} SE% 4 mel mobE 2 ATk A2 %

6) AtE= ECX2t CCX EH|0|X|0lN FESIRUC MEXEE OiF 2SS AR SIUCE ECXolM= 38, 68, 98, 128
S 27|18 WIIMES et JUoLE 128 S |HE2| Hei7t CHEES RIXlsta QUCt oIS £, 20104 88 31 7|&2
2 3EE2 712,000E, 6822 335,000E, 92E2 380,000F, 12€E2 2,202,130,000=0| 7Hz{=/iCt,
(www.chicagoclimateexchange.com, www.europeanclimateexchange.com Z=X)
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EIAHIEE 71HHS MO JHMZAY - ECXQ CCXE SAe=2
= oltk 283 Yl 3uth A2 49 Wk 2 (playkurtic)o] 31 3Rt & ¢ A4
EEZ(leptokurtic) S 7 E2 B4R HFE= FEEZE /1S & 5 Qo
| = 2 Ecxet coxel 71xxt=
oo COX- EUAS EUAS CERs EUAS EUAs CERs CERs
= CFls M= M= M= M2 5= ME siE
mamean |24 1473 16,68 1391 14,03 1388 10.26 1234
= ($/ton) | (&€/ton) | (€/ton) | (€/ton) | (€/ton) | (€/ton) | (€/ton) | (&€/ton)
e, 0.10 001 820 740 1063 1030 954 952
e ($/ton) | (€/ton) | (€/ton) | (€/ton) | (€/ton) | (€/ton) | (€/ton) | (€/ton)
k2L 740 3045 2933 290 1650 1637 14.45 14,60
I ($/ton) | (€/ton) | (€/ton) | (€/ton) | (€/ton) | (&€/ton) | (€/ton) | (€/ton)
EFEEA} 8333 1.700 4946 3054 1.020 1048 0865 0872
A=z 0372 0379 0949 0942 -0.206 0322 -0228 -0257
Pl 2299 2500 2539 2062 2841 2986 2685 2017
A 1325 607 363
T (2005.4~20108) (2008.3~2010.8) (2009. 3~20108)
H 3 EIAHIEH 71242 ADF AN A (I|EXIR)
THA JHA 2 Jhd 3 JHA 4
- & EUAS CF EUAS CERs EUAS EUAS CERs CERs
NE s NE NE ME B NE B
2161 | 1288 | 137 | 1600 | 3106"" | 31407 | 358" | 30857
0, 0, 0/. O
AL~ l(;é(g%ﬂ 1%, 5%, 10%2] 1%, 5%, 10%2) 1%, 5%, 10%2)
°r ?'3 158 %28%; QUAKIE 2424 -3444, | UAIKIE 242E 3451, | UHIKI= 242t 3451,
ool 2867, 25702, 2870, 2571, 2870, 2571,
27t [ 25 | 1280 | 717 | ao16” | aos8” | 830 | aai0”
0, 0, 0/ O
S R 19, 5%, 10%2] 19, 5%, 10%2] 19, 5%, 10%2]
=M EE ?'3 970 igig QAKX 224 -3978 | LAIKl= 224 3988 | LAIK= 22 -3988
o100l -3419, 31322, -3424, 31352, -3424, 31352,
1074 [ -0906 0970 [ 0657 0423 0472 0.340 0.354
Al O 0 0 0/. O
° M" 10/;;“5{"!2/:’;' 1%, 5%, 10%2] 1%, 5%, 10%2] 1%, 5%, 10%2]
DTHB} ?'2 557 L—w ;4(; QUHKIE Zk2t -2569, | UAIKIE ZH2t 2571, | UAHKIE 22t -2571,
-= 6160l 1940, 16162, 1940, -1.616Y. 1940, 16164,
FE 1%, TR 5%, T 10% SEAA §OH teh,
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4y

B2 AAY ARl AT Qi B3, Aol 2A7L EEE w, A

A7b w5 u) E£5hE By mEo|A 1% 042 st welo] ZAfshs By A

(non-stationary)ql 4 2& 7141 QITHE 3 2%). oS HAEA7)7] Sjate] maAR
o

J
2 S BE A9 1% Fo4E stelA PystElel e o 4 UThE 4 ).

| H 4 BAHEH 7tAH2| ADF HY ZIHZIXNE XIE)

Thad Th 2 Th 3 7hd 4
T = EUAs EUAs CERs EUAs EUAs CERs CERs
s | P | ys | u2 | v | w2 | w2 | ==
47006" " | 16516 | -105327 " | 103927 | 88" | 89037 | 84007 | 8638
A 1% 5%, 10%2] QHKIS | 1% 5%, 10%2 | 1% 5% 10%2] QMK | 1%, 5%, 10%C)
217t 3438, 2864, | UMKIS 212 3444 | Z4Zt 3451 2870, | LAKIE 2tz 3451,
05682, 0867, 25702, 25712 0870, 25712,
470247 | 167307 [-10548" " | 10304 | 8886 | 8800°"" | 8485 | 865"
LT 1% 5% 10601 AR | 1% 55 10001 | 1% 5%, 0% RARIZ | 1%, 5%, 1092
TS 21z 3970, 3416, | UAKIS 247t 3978, | 2424 3988, 3424, | QAIKIE 24z -3988
-3.1302, -3419, 31302, 31352, -3494, 31352,
o 47083" " | -16472""" | 10505 | -10306" " | 887" | 8881 | 8488 | 8626

=M 11%, 5%, 10%2] LAKI= 1%, 5%, 10%< 1%, 5%, 10%2] LAKI= 1%, 5%, 10%2
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