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Abstract: In this paper, the daubechies wavelet-genetic algorithm-radial basis function neural network (Db3-GA-RBF)
model is constructed by nonlinear paradigm, and the price forecasting problem of European Union carbon emissions market
(EU-ETY) is discussed. The research showed that: 1) The European Union allowance (EUA) spot price fluctuation in the
three stage of the EU carbon emissions market has the characteristics of local scale diversity, and the third stage carbon
price series has the strongest multifractal characteristics. Essentially, the carbon emission rights market is a multifractal and
chaotic market; 2) The Db3-GA-RBF model can effectively improve the accuracy of data and the generalization ability
of the model, and make the prediction accuracy of the model stronger; 3) Compared with other forecasting models, the
prediction accuracy of Db3-GA-RBF (SIC) model based on Schwartz’s information criterion (SIC) is improved by about
70%.
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Fig. 1 The relationship between the scale index function ¢(gq)
and the multi-resolution moment ¢ in the three
phases of EU-ETS
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Fig. 2 Normalization processing of EUA price sequence
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5E FLERORT 5 1. TR AR 6 7 51 AE - f B 480 1)
SICH R UNFKIFIR: 2k = 3 1n SICH/), ArLAbk
s 7 F B B i e B 3, Bl m = 3. &8 Py,
Py, Py 3B JBRAN M SRR AY 1) [ AR &L 7 AR
N, BR BB T I 5 3B B A RO N6 194 (BRI 43
B e s 5 A o B AR BT 2K 13/ H H ). J9fd
A W FITINASE B B AN A% U8 3 B A FH AR AR R AT 78 70
(127 2], ASCRERT 550 ME AR (I SRS 5 (FE A
WAL, J5 69 ME Y (AL s (R AR S M )
F DA I 72 AL RE:

* 3 SIC%it=
Table 3 SIC statistics

1 e 3] 1 2 3

4 5 6 7

SIC  —245.3954 —250.3487 —254.1127 —251.4343 —251.1232 —246.9998 —239.6131

2) ANFERPESrEIFREL.

N AR RE /N R AR IR SR AR A5 5
R RA 2 O B R R L ASCR A 2 DG /N (dau-
bechies wavelet, DbN) KX B4 A& - 5133847 7Nk AR e
RIS # . BT R4 Ny, = 31f Daubechies /M
(Db3) e 7 & I a AN 6 7 51 B I SIRRAE, BT LA 4%
FET-Db3/INB BRI A% 7 AT 32 /N 53 AN .5
. AR R34S S A T o A — MRS A
EUNEBATR). TN AR AN S A S 2
(RS 73 B A S5 40 43 5 o0 I 3R AE AN [FDRUEE B I G

&5 FIRFIE, B LA SO INZREE H IR an ks 1y 21 Al
J& P2 AR AR N RBE b (9 535 2 Sl 33E AT 46 i N 2]
AR AR TR AN AP BN [R) R 1)
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Fig. 3 The 3-layer wavelet transform and single § el | i
reconfiguration component of the carbon B ‘312?1 :
spot price sequence 3:0 | | I ! | |

3) KIZREEHIIIEAE.

R4 T AR TR I ZRRZAM
TN R 72, NRAT AT R B /N R AR e M ST EL A
IGA-RBFA £ o 25 A5 Y 8 1| 25 0% 7 Il 6 A% o 258K
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Table 4 The model training and prediction error of
different kernel function numbers

PR H TR % ZkiRz
1 1.0208E—01  5.3711E—02
2 3.8177E—02  1.9413E—02
3 2.3803E—02  6.6660E—03
4 2.0885E—02  6.2562E—03
5 2.3135E—02  6.0579E—03
6 2.3464E—02  5.8882E—03
7 2.5186E—02  5.9301E—03
8 2.5256E—02  5.7966E—03
9 2.7644E—02  5.7099E—03
10 2.9010E—02  5.6740E—03

4) MLESHIIHE.

TERIE T RBFM A IG5 2 5, W5 BT
WIGRAEHE R A8 A5 S ke e A IR AR I S 4. 7
AR SR, WIAA TR IR 15 50, B K IR 3L
BA100, FERALIS FE H, fe MR, F A8 XA %
H0.9, MR BR0.01. 243 LR K IR AER, B
B SHURAT BRI | 15 3 e L I RBF A
LR L AR,

4.3 TRILEF (The result of predicting)
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R EAT T 45 SR LI 4 % P ROR T /N AR e A
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Fig. 4 The carbon spot price forecast of Db3-GA-RBF model

5 Ry R RO LB (The comparison of

different prediction models)

ke 56 AR SRR B AN A TR R R 80CR, # H
SCHFREHUSR (support vector machine, SVM). i8t4%
SR AR AL 1 3 FF 1) & BB 7Y (genetic algorithm-
support vector machine, GA-SVM) FIE AL LA
15 A FE 4 8 X 2% 85 72 (genetic algorithm-radial basis
function neural network, GA-RBF) % MREE S P B4/
& B TR 45 SR AT EL B M. EEBCPIAN A BE R AT
— 2 TRUIAE PR RS A B2, SR 38 U7 1% 7 (mean square
error, MSE) 1 °F- $4) 4 %} 1% % (mean absolute error,
MAE) PN E ARSI ;. 2 T 5 [l kS 2, SR
THI 77 [7) K% B (sign correctness percentage, SCP)K f
5. 3IMERRTE A R

1
MSE = — Uy — 12
S Ntzl (yt yf) ) ( )
1 X
MAE = N > 19 — i, (13)
t=1
100 X
SCP = — S d(#),
N 240
(14)

>
0, (9 — Y1)yt — ye—1) < 0.
P gt R WKS.

& 5 TBTRMARAD 64 TN AR b
Table 5 The comparison of the prediction accuracy

d(t) _ {L @t - gtfl)(yt - ytfl)

of different prediction models

it MSE  MAE SCP
SVM 0.0801 0.2230 61.7647
GA-SVM 0.0797 0.2208 60.2941
GA-RBF 0.0765 0.2127 60.2941
Db3-GA-RBF(AC) 0.0411 0.1524 74.6269
Db3-GA-RBF(SIC) 0.0209 0.1057 80.8824

xS5ER:

1) Db3-GA-RBF(fl#k AC 1 SIC)# A 5%
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FLABANAE TRIIASE Y T 45 S LE % : Db3-GA-RBFAA!
(RTIIN R 22 (TC I AR 38 T R Z2 B I AR 22) /N T
SVM, GA-SVMAIGA-RBFFE Y HF5 04 5 43 751 $2
5 1 73.9%, 73.7%R172.7%, 11 H.F500 77 1) i 1E i R
WA KIEFETE, 15 Db3-GA-RBFRIE R RN L2 4
&SI T S AR ) TR 5

2) Db3-GA-RBF(SIC)5Db3-GA-RBF(AC) T
45 B H A Db3-GA-RBFE(SIC) ) T 15 2 B S /)
T-Db3-GA-RBF(AC), Tl il 77 [ 4 &£ BH & &1 T-Db3-
GA-RBF(AC), ACHEN "~ [ B A A% Tt 452 284 I 0
32 25 4 v R I K T A A% TIO RT HER , AR,
SICHENITE A HA 2L

3) Db3-GA-RBF(fl{EACHISIC)R B 5 V% A &
ik /NG AR RN H 57 FE R P GA-RBF R L 45 Db3-
GA-RBFIEE R T % 2 /N T GA-RBF, T iz
KT GA-RBFEAL R FIOIINAG FE, 10 B a7 e A 46 .
SCE M TR A R R 1o E e A sz i B
% 85y TERHAIE BB I B2 AN R B o 500 A 3 ) S AR
MR FEE ST 1 B TR B .
6 4518 (Conclusions)

AT T

1) BRI RRHEB T34 BL A (european union allow-
ance, EUA) I T8N 4% 0% 2l 38 B A oy 3 )RR 22 R PR R
fiE, HER3BY BN A IR B B N8 5], 22 8 TEARFAE B
5. 3R B2 S A AT A BN TV R R B HE R T 3%
AN MEAT RRFAE, A L, BHERON 32 — N2 &
Sy AR T

2) HIRIAEIRS R HIAHLL, Zoad /Nl AR ¥ oA S FE
Ja HIO A P 51 C 8 RO T 48 R 4615 5 i 2
W 53] T REREHERA S WUE 5 A B RFIE A TS R
T B /)N AR 46 B S B R T DA AR e O R R AR A,
S T ALY P TR 52 B 5

3) 55 Ath oUW AE B A% R A b, AR SCRT R R
Db3-GA-RBF(SIC) R G AR B bkt o il 1% 22,
12 TODNDRE 52, FROINRS P $2 =5 £970%. 3X —HF 50 A Ak
HEFBOBUAN B FoAth S R B 7= (R AN A% TR $2 4L T —F
B BB AT
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