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Abstract

With the advent of the era of low-carbon economy, the pricing of carbon emission rights has at-
tracted more and more attention from both theoretical research and practical application, espe-
cially the pricing of carbon emission rights options under the COVID-19. In this paper, with the
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help of the gradient lifting algorithm of decision tree (LGBM), complete empirical mode decompo-
sition with adaptive noise (CEEMDAN) and the approximate entropy reconstruction (AE) algo-
rithm, and the advantages of the jump-diffusion model of mechanism conversion (RSJM) and the
radial basis function neural network model (RBF), a RSJM-RBF carbon emission option pricing
model with different feature dimensions is established. The empirical analysis is made by using
the data of EU-EUA carbon emission option under the COVID-19. The empirical results show that
compared with the fractional Brownian motion model (FBM) based on GARCH, the RSJM-RBF car-
bon emission option pricing model proposed in this paper has higher prediction accuracy. Taking
Pearson correlation coefficient as the index, the robustness analysis of the two models shows that
the model established in this paper is more robust.
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Figure 1. Flow chart of model
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= 1. FRRSFETISR

I=REN Y7 Bt
. WK CER Z5 5540 fl[E DAX30 $R4K
[F) 2B AT i - — .
Kk CER f3CHE i Z BB 5 600 FH L
TR T
kv TR E PR & R 8 £
NRHRBN ST TN MSCI BRIk T 354844
YMEX RARS W ELAN FRETE =0 HE sO
O0EBQ RASUALAN TXEEFZR ¢
SRGI KA I ELAN PATM K
— KRB
S E ALY B-S HHiE ZIHAHE T
WTI JE B0 N Sigma
Brent J i T A
ETFS 5

DOI: 10.12677/aam.2022.115274 2594 IR Esid


https://doi.org/10.12677/aam.2022.115274

PUEEE

2.3. RBF #I&Zf4&gi&HY

FET RBF 22 [ A4 B RAE S IBUE fr P i) R AR I, BIUNZRIE R, A5 N R i i A S 1
wo ASCREAAFTCR . H5h, HESTHIBUE N MR A R Z LN AR EERHBIE: T8
a5 BIBUE fr AN T AN R R AIBCE Ol — B A PN AR AR By ik, 255 R A
ST PR RBF fha R ff i 5 2, P AFEAE, BIRZE/NIOBE &, 3R KRR,
PR PR A 5 R AT R, AME RESR = FUIRS BEIE RE SRS AR 2 FaT Y

S YA AT A DL T RR RS [37]

2
minZ(Yi —Za)iZi,j =115
i=1 i=1

(6)
Yo =1
Hot, Y (i =1,2,,n) RSEFRBABBUARUNKS, Z, (i=1,2,--,n) R EBRTMMNAE, o, RINBLREL
e STMIKEWSE
2,=Y02, ()

3. SCiES
3.1. BEKIR

NV BT R & B B AR B HETSSUYIBUE I F 72 v B e Se A, ASSC L 2019 4 12 ~2021 4
12 A BR SRR HE AT EUA BB IR & 29 H SR (OB Xt R, BITH D 2021 4F 12 A 21 H, &5 &
BRI 2 PR

Table 2. Partial experimental data
F 2. O LWHIE

date CER Wi LEE R ARBURSIEBLI Y EUA SR
2019/12/6 25.34 9.40 67.33 24.94
2019/12/9 25.53 9.37 66.59 25.13
2019/12/10 25.34 9.37 66.26 24.94
2019/12/11 24.86 9.41 66.12 24.48
2019/12/12 25.46 9.54 66.28 25.07
2019/12/13 24.38 9.68 66.31 24.02
2019/12/16 25.20 9.65 66.11 24.86

T N IRHEBCBOIAUN M B B0 G L, AR SCER SRR B A H e w15, 9%t 4 i 7 DU AR
W, 4> BN R 7 (2019.12.6~2020.3.29) . — X 1 & 117 (2020.3.30~2020.10.29) . ¥ 1 ik 50
(2020.10.30~2021.6.15)F1 — kB & 11(2021.6.16~2021.12.7),  4nl& 2 P
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Figure 2. Number of daily confirmed cases in EU
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Table 3. Parameter settings of LGBM regression algorithm in different periods
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n_estimators num_leaves learning_rate
PN T 700 30 0.05
— IR 800 30 0.09
BB Bh 600 30 0.05
TR 1000 30 0.05
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Figure 3. Importance of characteristics of epidemic forma-
tion period
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Figure 4. Importance of characteristics of an outbreak period
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Table 4. Statistical indicators of each component

4. BOEBNGRIHER

IMF1 IMF2 IMF3 IMF4 IMF5 R
Pearson 0.05 0.032 0.028 0.031 0.13 0.98
Kendall 0.022 0.022 0.017 0.053 0.1 0.81
Spearman 0.035 0.033 0.018 0.053 0.14 0.94

MF 4 TLLEH, IMF1-IMF4 58cHEEBORBN b BIA D¢ R ECES ANy, (BB ARMOC R E, R
FSE R BN B IR BAH K R B 7 R HG /N T IMES ARSI S R HEBOBUIR AR G, N T3
Gy BT S E, A0 184 % 7 BT 15 3] AE1 (IMF1, IMF4). AE2 (IMF2, IMF3)#1 AE3
(IMF5,R), HEMJEMFHabran 5 fE 8 Fis.

Table 5. Statistical indicators of each reconstructed sequence

¥ 5. REMFIINGIHERR

Pearson #HE R %L Kendall #5% &% Spearman #H K R %L
TR AEl AE2 AE3 AEl AE2 AE3 AE1 AE2 AE3
SRRt 0.046 0.039 0.99 0.055 0.027 0.88 0.057 0.033 0.98
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Figure 7. EU EUA price breakdown sequence diagram
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Figure 8. Approximate entropy reconstruction sequence of each
subsequence

E 8. B FFIIBIEIEERFS

3.4. ERBRRH AR N A STIES A

N[5 BRI T8 P 21 B A 3 o R TS, W] DOE I A R S BB X 7. fE RBF 2R 25 i, Ay
SRR R R DM EER R, F, Aad 2k E NGRS AR ET
RSIM-RBF # M i (LS. & 4ERE TR E ESHINE 6 P,

Table 6. Important parameters of each model
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Indim numCenters outdim
AE-RSIM-RBF 5 25 1
LGBM-RSJM-RBF 6 36 1
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Figure 9. Comparative results of two models
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Table 7. Performance comparison of different prediction models of EU carbon option price

= 7. BRERRRHEBUA AN AR A R UM AR B A 1 REX EE

MSE MAPE R’
FBM-GARCH 0.2146 0.0077 0.9952
AE-RSJM-RBF 0.3141 0.0070 0.9930
LGBM-RSIM-RBF 0.1192 0.0050 0.9973
Weight Combination Model 0.0889 0.0040 0.9980

SEIGEE R, AR SO TR B EAL T GARCH-FBM #%, . MSE #2817 0.1257, #i)
HRFEILF] 0.9980. HIE 9 BAI, FEBEA BRI, HA B B(2021.6.22~2021.7.22) H HLE A BH
SR, HE GBSO A 2 i 2 RS, BT BRSO R T 1 B A 508 R 5 808
MEEE 9 T, Weight Combination Model g% 3 Wi S AN 46 35 20401 39 (1) 72 95 A7 100, 38 T 44 8 T 1 30k
B RIEEE . 1] GARCH-FBM REZ 0 A X218, T S ARG .

B 7 3E A B VRS HR RS RO R FEHEAT A AT Ah, AL YRR A B L, O T VR AN A AR
RITERENLILSD T MRS MEYE, AR SO I 6 AN [F RS Y ot B HE OB B 4 5218 B K IR ARFAE BEATLIA I 100 4K
FHRIPEBN IO, SR H A [RGB 000 5 SR 5 B S AL A 2 [AD 9 R 7RG AR OG R 8, Bt Rl 10 Fofs
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FETRENLTFARAITE LT, A SRS AR GARCH-FBM B 9 2 1 T 25 51 5 20 S RCHcH s 22 18 1)
PR FREA AR 099 F1 0.994, HIE 10 v[HH, ARICFTHFERE B P 4s R faE, KR
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Figure 10. Robustness analysis of GARCH-FBM model
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Figure 11. Robustness analysis of weight combination model
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