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Abstract: This paper analysis of the price of EU carbon emissions mean return period, amplitude and coupling relations
through the spectrum estimation technique. The results show that: 1) EUA spot prices have significant mean reversion
characteristics of periodic oscillation, cycle between about 15.5 and 3 months; the amplitude between —2.298 to 4.823;
2) Coupling cycle of EUA spot price mean reversion and WTI crude oil price index in 3 to 12 months, coupled amplitudes
between 0.1958 to 0.8843, and the PMI index in 4 to 11 months. coupling amplitudes between 0.1652 to 2.134. The

amplitude 3) in all the coupling cycle mode. The coupling cycle is long, the smaller the coupling amplitude.
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Fig. 1(a) Power spectral density plot (L = 44)
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Fig. 1(b) Power spectral density plot (L = 49)
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Fig. 1(c) Power spectral density plot (L = 54)
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k3 HAEESATER FERRT90%, JRFRIZL. 58-9, 10-11, 12-13%HiE ]
Table 3 Results of eigenvalue analysis B EEIEAR, HIIFET0% VL L.
BAE IrE L BRUIE L 5= ESEM, 2R 1-2, 34, 5-6,8-9, 10—
g R s RO g 11, 12-13 £4 ERCE S EMFFHIRCI-2, RC3-
— _ _ _ X _
1 2.807068 0.130797 0.130797 4, IiCS 6, RC8-9, RC10-11, RI2-13, ﬁﬂ S(a) >()
1-2  0.3162 iR
2 2.611346 0.121677 0.252474 )
I
3 1.465345 0.068279 0.320753 34 09431 8 5 . . T T T T " wcl2
4  1.411204 0.065756 0.386509 {Ej 7(5)' \/I . . T . . . . 7
5 1.283665 0.059813 0.125569 56 09532 E! 0 10 20 30 40 50 60 70 80 90 100
6 1260092 0.058715 0.505037 ' AR YR VK
7 1.079946 0.050321 0.555358 B
8 0.910374 0.042419 0.597777 89  0.7806 @ _(1)— . . . . . . RO
9 0.868218 0.040455 0.638233 E 10 10 20 30 40 50 60 70 80 90 100
10 0.825977 0.038487 0.676719 1011 0.7920 AT/ T
11 0.787766 0.036706 0.713426

2
5 !
12 0.748602 0.034882 0748308 |5 13 0 - OM/\/\/\/\/\/\N\/\/W\/M%_
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TSR BT HNE SIRIERA 52 1 FEbR A
RAZCHFAE. SRR 5> 8T, R i e KB AT /s
1B 35 tH I 7E2008-2009 LA 22011-20124F [1], Af % A
T 38 IR BT SE WA R i S AL IR 2 0. < B 70 &
PR X [REOR, IR @ 3.

20084F3 H 200946 H 15 ‘5 IR M@ H 5, 20114E3 H

F20134E 1 H (M AF{EARIE 56 2R 5 (0 1L, R Ak
b R IR U SS . A IS AR R AEE Y, 200843 F
—20094FE6 H, 12/ H B #5215 5 15 5 A X B0k, e
EYGREK, &S 20134E2 ] -20164E3 , 4.7
AR ERGRER K, (EARERES; FH
BrER, 4-6 H A B EEEH. 3NN H A &
FA AR 1200843 H 2200941 .

&5 FREATEMFIIRESATE R

Table 5 Amplitude analysis results of reconstructed sequences by singular spectrum estimation

F 8 H HILFFH PRI X 8] i INEN wR/AME
12 RCI-2 [—2.296, 3.268] 200843 H 20084F10H
6.3 RC3-4 [—0.7586, 0.9596] 200848 H 20084F6 H
4.1 RC5-6 [—0.6202,0.7003] 200943 H 20094F1H
4.7 RC8-9 [~0.3227,0.3025] 20124F5H 20114F5H
45 RC10-11 [—0.2922,0.2748] 200845 H 20114E10H
3 RC12-13 [—0.469, 0.461] 20084F5 H 200844 H

35 FAREXIE: AR SR EIRIE (Singular
cross spectrum: coupling cycles and coupling
amplitudes)

SRR AR S AR O BT 7, A SO T AR
AR T WL 4% 15 B 5 AR B T I 2 5
EFHIPMIFEEL. Rl FEZ |, W7 md 2
A A& BT A BEW TS M 4% F £ PMIFEECZ EUA
H BRI B E R R, — & SEUANM AL 2

AL SR, —HNESHEXRUERCTR.

6 TR fEL M MR, R K E N
31.0895, 39.3683 F1 36.9165 H 1, EUA i ¥& ¥ J5 T
WTI J5 4 4% 35 %k 2.8615 ™ H, 5 J5 T PMI 98 %
3.4586 1~ H, WTI i A0 A% 45 £ i J5 T PMI $5 44
0.3874 A, ¥ A FEEE L 3] 70% UL &, W e WTI
JEImA R Fa H . PMIFEEUS 5 EUAM K& 5 4715 5 3
e G E R A LR,

% 6 EUAMAE, WTI454L, PMIdE 3 =F 1013 S A E X &
Table 6 Relationships among signals of EUA prices, WTI index and PMI index

Bzt EUAME-WTURIMAN T30 EUATS-PMIFEEL PMUFEE-WTIE MM 4851
JAHA 31.0895 39.3683 36.9165
PRI 4.724 1.208 8.721
Vo 0.7172 0. 7971 0.8487
ABAL -0.5783 -0.552 0.06594
i 2/ AR AL/ 27) 2.8615 3.4586 0.3874

HUBRALER M = 30, #5520 RACR B

1) EUABL B2 k% S WTUS A0 4% 48 B i 8 A 4
WS A PRIE.

EUABLIEAN S AW TR N kB3t 75 5728 X
WA IG, 15 BRI SHHRFIE R &, X RIGE S S E %
E#70% L) E.

FTE IR BISKRHAIE 7] & 2 BAR R S AR A & 1
PGS, FHA S IR [ R R 2912 H A
HIPRGIE, 52, AXTRHIE ) RN 204 AR A i 9R
T, S3XTRRE ) B R s 21640 A #8A JE HR A,
B SHPRFE M) B RN 2034 ARG i IR G 158, AH 7))
WG REIITE60% L |

NTEARFRE & T e A A R R,
X HTSXPRHE ) B AT 7 5B, B 56 DS RHIE Rl A
I, BN 12 ARG 08 KR 2, 4 WRHME R B
I, ERIONAN ARG 7 F SRR R A 0, &
FR6A ARG 5 & KB SRTRHIE M = A JF, EIWH
INMHME R,

HRAR & H4I%3% 73 S RIS ) AR REE 2, SCS A (sin-
gular cross-spectrum analysis)?fﬁgﬁ A HFE 5y
WA J1E0m, MG Ok R I (R RS T R AR AR AL, R
AR & 20 B AHRAE SRS IRGIRIEA R, 7]
fififs BERCK, Ele-7fR. Ko, RCX: EUAL
MM ENMIFS]; RCY: WTUE AN FE S E A P21,
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Fig. 6 Reconstructed sequences of the coupled periodic
oscillation mode between the EUA spot price and
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%7 M = 30i~AIEUAZL B & Ao WTUR i & A5 HAB 63k 5 15 5
Table 7 Coupled oscillation signal between the EUA spot price and the WTI crude oil price index when

/

M = 30
XN R R 1 3 4 5
LA RE R AL 0.8443 0.8263 0.8586 0.8289 0.6804
JE¥HIH 12 6 4 3
FETTERR % 30.7266 15.4638 10.9792 8.2031 5.9638
R Z Tk % 71.3665 — _ _
5 —— 20083 H-20094E3 H, 2N A S =
I 1O ) O ) TFEUATLE 4 5 WIS PSSR T, 1
0 10 20 30 40 50 60 70 80 90 100 PR 7N T°0; 200944 H-20164-3 H EUAIL 18 1 #% 5
TEACURA/ TR WTE A k& 35 B Ll 6 A H B JE BT IR % 8 3,
TR ~RCYETS| AN H e R AR F R AR E RS K Te M H L, 3 M HI
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Fig. 7 Amplitude differences under different coupling

periodic components betweenthe EUA spot price

and the WTI crude oil price index

WG ARG (G 5 585, MG HRIEAE EF. 2011-2012
T, EUATL SR04 AW TR B0 & 4R M 8 20 [X 8] BH 5
/NF2008-20094F.

2) EUAFL B4 A% FIPMIFE $0kE & J8 #A 5 80 5 1R

EUAIL IR RS AIPMIFR B et 27 738 it i),
13 2 BTAXTRFAE 1) B, 9 2 AH EL RS G 10 32 2 ] AR S
L8R,

% 8 M =301~ A EUAZL It M4 APMI45 448 &
Khiz5
Table 8 Coupled oscillation signal between the EUA
spot price and the PMI index when M =30

XN SRR 1 2 3 4
EAREMERE 09136 0.8212 0.7917 0.7478
JEIHH 11 6 6 4
FTETRE/%  36.2679 15.9738 10.6007 8.68891

BT ZETTH %  71.5313

KBILIR: B DARHE [) B S B2 114 H JE IR
B 552, SHFE AR R AL 6 H R IR G I, SE4x5 45
fE A R AE L4 A RIS AR, 7 2 DTk AR
36.2679%, 26.5745%, 8.68891%.

1E961 H N, EUAIR B8 1 4% FIPMIFE 24 & HIAS &
TR, HLAF 76 i AR AR AE, 40 18] 8-9 Fraw. Bl b
RCX: EUABLI 4% B 44 /77 41); RCZ: PMIFE B 7
.

200843 H—20094E3 A, 117> H IEUABL B8 1 #%
FIPMIFE HUE & B W & T NS 5 IR IEFK,
20094F-3 H-2016%-3 H M5 5 1E4, 64 H HIFE G )
Wi E TREER E 1A A SR ET,
20084F3 H Z20084FE9 H EUAFIL 6% ) k& FIPMIFE £ 8
AR K T0, N[0.1958, 0.8843], [0.1652, 2.134];
BJE IR FE. 154, 6 ARG B &, EUAIL
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Fig. 8 Reconstructed sequences of the coupled periodic
oscillation mode between the EUA spot price and

the PMI index
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Fig. 9 Reconstructed sequences of the coupled periodic
oscillation mode between the EUA spot price and
the PMI index coupling amplitudes under different
coupling periodic components between the EUA

spot price and the PMI index

4 455 Hr(Conclusions and analysis)

ARG T

1) K D 2 A5 -4 1 BIEUABL B2 0 4% 2511, 1T
B B 3548 111 VA Hp A A k. 75 SE T TR BREUA
PRGN A e sh B B B, 915.49914 H . 4
J B TE) T Y 44, 49 A1 54 5, 45 5 AR IR 2 A
[0.4485, 3.838], [0.3498, 4.04] 5 [0.4735, 4.823];

2) K& R HHEUABL S i 5511, T B
5535 5 JRAE L. FEEUABL TR A 4 i sh Hh S B Bl 64
5 IHE R IR, IKIRZIN12, 6.3, 4.1, 4.7, 450 %3

A H 5 A5 5 A RN R 1R AR 2 51 H 32008-20094
1201120124 4. EUABL B8 4 4% X 48 1] V4IRS AA
B WIS, (HAEAE20084E3 H 200946 A IR 1E
FE1RAY 5, 2011453 H £20134F1 B 18] 5520k 1 58 1)
IR, 5 R R AT B2 52 B S b fE W LRI BR 53 fa L ) 5
M. 200843 H 200946 H, 124~ H Ji ¥ 7 &4k ¥ 15
5 R, WRAELYE B BK, & S 2013452 7
201653 A, 4.7 H A EHR G IEEEOR, IRIEE
5; 20094E7 H 201351 H, 4-64 A A 7> EARTR
s 3 H A 7 B A AR FH T-20084F:3 H 422009
F1H.

3) FF A XA A 43 BIEUAIR 5240 4% 548 [7] 15
JAY S WTURE AN AR TR 5. PMUIBEGE S A AR S
PRME A : EUAIL B 8 R0V 8 B 5 WTTER A 4%
TR S R R 12, 6, 4, 3 F, EUAILER k%
EPMIBHES AR A A2 0811, 6,4 D H.

TERARG A2 B AA B R, 20084F
3 A% 2008 £ 9 A, EUA Bl IR F&IRIRY K T WTIH
HOH PMI TR 5L, S 4RIE 707 9 [0.1958,0.8843]
[0.1652, 2.134]; 2008410 200943 H 4 & #ik i
43 9 R [—-0.8217, —0.1523] £l [—0.6462, —0.1205],
EUAIL B A S4B RN R IR /N T AR B AME 5. X0
BHEUA L B2 A 7E S Rl FE N LA AT IS 9 BURK, %
BEANEIZY, IR M ek 55 T 2% FE /N T WTTHE 2R PMI
% A B E T, 2011-20124E, EUABL 524/
K FNHARTE MG 5 88 G R IE I 3 X 18] B 2./ 12008
—20094F, 1% i BH B A3t fa LI HHAH 5G 15 5 9R3% 1 — £
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