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Research on national carbon emission trading price prediction based on PCC-LSTM model
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(1. NARI Group Corporation/State Grid Electric Power Research Institute, Nanjing 210000, China; 2. Wuhan Energy Efficiency
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Abstract: To improve the prediction accuracy of the carbon price and ensure the stable operation of the national carbon
market, the Pearson correlation coefficient (PCC) method was first used to determine the key influence factors of carbon price; 3
carbon price prediction models in the national carbon market were established based on 3 types of prediction approaches, named as
ARIMA model, polynomial regression algorithm and LSTM model, respectively. The comparison results among 3 models
demonstrated that, compared with the other 2 types of models, the PCC-LSTM model had the highest prediction accuracy, with an
average accuracy of 99.26%, and the smallest standard deviation of 0.2 630. It reflected the superiority and practicability of the deep
learning algorithm under the condition of sufficient sample data. Compared with the average carbon price for the first half of 2022,
the predicted carbon price in November would gradually stabilize and increase, which reflected overall stable operation and active
trading characteristics at the end of the year of the national carbon trading market. The successful application of the PCC-LSTM
model in carbon price prediction was capable of helping enterprises to familiarize themselves with the operation mechanism and
variation rule of the carbon market, expanding the coverage range of the carbon market and ensuring its stable and healthy
development.

Keywords: carbon price prediction; pearson correlation coefficient; ARIMA; polynomial regression; LSTM; national
carbon market
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eI, IR E B HE TR AT B . HERL
A Gy Ak (LT TR “ Bt ” ) AR 52 o i 3 1
W B ZR, B AR K LR A il i AE 7 Do
FNEE T8 34 1 S S2 AT A5 e o A TR JL 0, AT A6 B
Al 2GR AR TT 7 is A T HLRT N AS S, X Kk
WM s AT A IR T 7 0 ERE | R ke A
A EZERHESE IR,

H A, & H Ak o B0 oy A LS DR PR 43
SR 55 TRl M Ty 5 504 1) ] 3 471 4 A A 75 R 3
T 5 ) R 28 1 [l ) TR AU C) I g s 4
P B A 0I5 T8, FIRY iz H Boosting-ARMA i
8] 78 LT PRAE Z) FT (Intercontinental Exchange,
ICE) i EUA(European Union Allowances, EUA ) 1{f]
CTOAE AT TN, 0 2 AR v T R ¢ S ) oA A e
LI et al™ IR [ 5 0k 28 5 i s o pF e 4,
EMD-GARCH /5 CGE BRI MISE &, 45 4 [
WRTTE PR X ] K 30 ~ 50 JT/tCO,., ZHU et al®
i 3 # H# EMD-ARIMA-ADD F5 84, 5128 % R B 5k
2 5 A VURIRRI SN AS A HERR TN . JIANG et al'”
TERIRANT SRR 3 51) 43 SR 4 1 RN A 2 9 350 4 114 i
fifi I, R H ARIMA-RF 5 SRR Rk AN T, 750
DUAS B2 2 TAR GEny () P AR . AEJE T e mm [ 2R
BRI A T3 5 8 , LI et al®™ DLIBIAEIR 5 8% T 3 R 0T
GEXT G, B =R RRIRAN A& AR B AN 5 i R 2R, R
£ JE 111014 (Long-Short Term Memory, LSTM) #1232
o) 26 B 9% o) g A 2E A T, S ¥ 48 % 1R 25 (U
0.617, FRKAEE BEEGEIEM A . BSE T %
FARBRMN M E R, fEis R SE LRSS
fi# J7 3% ( Complete EEMD with Adaptive Noise,
CEEMDAN) X #fl 6 117 37 (R Bk A 9 64 53 A 1)
FEil b, KA Transformers & & 5. 1 56 BBk f T
W, XL A o3 LEIR2EARE 1.43% ., ZHANG etal'”!
K] TCN-Seq2Seq IR A28 M ZASERY, 15 4 Rl FE AR
R IR ARAE R 2R A AXT EUA 52 %
PEATH, SF-RHPR5HA 5 96.97% .

b AR 32 DA RK A Al T 37 A0 R T )
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] e T 2 A B AN I A9, TC G 0 N 7 vk ) 5
P R . ARIMA ARFRAE SRy FH A8 R R] 7 51 A
Y, G55 T3 SR 15 S A8 AR B0, 58 AR SR Bk
W iy AN, A5 AR AR fR] L TIORG B s 2
I 1A S R A e i [l U 43 B ik, 38 Ao g
S AL ZR S i B OC 2R, AT DAAR G 25 48 A2
PRI 2 X6 Rlie A1) 114) 52 i e 88 R B e A1) 1) A8 b R 34
LSTM HRLE—Fh LI 25 2% (Recurrent Neural
Network, RNN) 2 JEflt I i DA el i iy % B 2 > 5
U3 A N7 S e DR 2R R R A B AR OC &R, ELIE
1RO FHE 5 B, SEEU R A HERR TN . 27
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ey 45 G ik B 7S B 04 28 A0 0 RN 248 1 B0 15 B
JoT g, VR A 0 T T vk, R4 v Al o PR
FEZOCHEZL, I, AW L4 E R T i f
S G B, FER R IR AH G FR 002 0 1
iff 22 B A 52 e IR 2R A |, BEHR 3 R B RE
P, HL 2 i B ARIMA A58 | LSTM 558 fit 2
T ] U B33 4 i A e e A T A 7Y, S ek R A
T i TN ASE 75 Sk S B Al p TR B ) A A E
Tt R4l il E A B R B T 2 5 0, BOM
TRt I 8l T 2 4 kT R ok i AR filt iRk e
PRULEAR SRR

1 MRFE

1.1 BREEE

AR SCIBAE 52 e PR 2R RO B R A -4 SR X L
ST HOR LR, B SR B 2K A OC F B0 R
R MG, RIS . ARTIEE, il —35 % H
MM TEN Y 4 23R, 6 A8 1| Al o 4 7 AH SC 1
3T, BRI X B A S I R Y 2 AR o, BVET—
3255 HkHy . WTI( West Texas Intermediate ) J5L i
#5 BRI, R LT ARIMA #5578 | LSTM 557
AN Z2 0[] U 55030 r e A PN ASE A8, A B BT A
) TR B FNAR X iR 22 5 fie e, R B A3 B = i A
P TINRS J, E A il EL O A, AR AR B 2k
DL 1,
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Fz JREMHZE 25 (Pearson Correlation Coefficient,
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Table 1 The correlation coefficient r with the
correlation degree
HH AHOCHE &
=0 e AR
0<<|r|<<0.3 [BEELEPS
0.3<|r<0.5 REEAHDG
0.5<r|<0.8 BFER
0.8<|r<1 ARG
Ir=1 LA

1.4 sSHXOEEAEZ

Z 15 3 A3 57 (Polynomial Regression) J& T
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Table 2 The main influence factors of carbon price
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Fig. 3 The influence factors at economic aspect



60 B R AL 9549 %
120 —— WTIE M 2000y — WRRS
120
8000 |

E 110 —Té o
'R 100 (5 2000
R v
= 90| L6000}
e K
E sof =
B 5000

70+

6ol 4000

Q o N S N S o Q o S o N N 0
\gb” \’$ﬁ \’Qm \,m” N by mﬁuﬂ q}ﬁz \gb” \ﬁ&» \AQA \Aﬂﬂ o ¢ W
S U PN A I S S Y N
t t
4 BERMMEEDR
Fig. 4 The variation tendency of energy price
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Table 3 The summary of correlation analysis result

FHEREUE AR
RMh-TT—28 5 H ixth 0.973 3 1R B IEAH SR
BRAN-HIE Tk 8% -0.779 8 A
WA - IR300 -0.662 7 AR
M- RIR S A 0.140 9 NN PS
WM -WTIE % 0.622 8 BEIEAE
M-I HR -0.250 8 [EEEUIVIEES
WA -ROTI % -0.5224 TEAINIPS

HI—28 5 H A S0 (A SRR B i i, o (HL
IKF) 0.9733, Sy B IE AR OC, 3% I 4 [ A T 4 19 ik
Mot S G I — E RS ; WTT Il ks B AH 56
TR 2 IEARDG, r(E2h 0.622 8. AHZ, HHET.
AP FEE. VIR 300 FIRKIT IR A AH AR B by I 3 £
FHOE, FBHTEATAEOR H 25 P B B SR e 0 5 ik 4
GEAAR B OC R AR, SEARZR U5 0 WX i A0 B
SLAFAE—EWANERIER o 2 T WAL KRR S5
LTI, AHOCHEFR BEARMK, W] 20Tt AR Y8 AH
KM HTEE I, A PRIEAS AL A e R A R T A ]
Gy, 5 S IEAH R H >0.5 (152 m (K]
.o B, KERT—38 5 H A 1 WTI S0 A0 4% 1
i LSTM 2230 2 [ YA 58032 i A\ 78 o, Al T
S PR 2R e o TIOIIABE 76
23 SR
23.1 ARIMA #A M R 54 LIeEBTY
) B M Sk B 5E 6E 42, BB 2021 4F 7 H 16 H &2
2022 4F 4 H 29 H mysh BRI ZAEA ] T4

BRI 5 BAE AR UL AR 5% ARIMA BRI

SEBRNTEEM:, ARIMA SRR RE, D3 4.
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Table 4 The predicted results of ARIMA model
TER G SCPRiRMT KT

N =}
H 39 e J HE/% HIXFRE/%
2022-5-5  58.74 58 98.72 1.28
2022-5-6  59.06 58 98.17 1.83
2022-5-9  58.85 58 98.53 1.47
2022-5-10  59.19 58 97.94 2.06
2022-5-11  59.53 58 97.37 2.63
2022-5-12 59.90 58 96.72 3.28
2022-5-15  59.29 58 97.77 223
2022-5-16  59.79 58 96.91 3.09
2022-5-17  59.98 58 96.59 3.41
2022-5-18  59.72 58 97.03 2.97
2022-5-19  59.56 58 97.31 2.69
2022-5-20  59.59 58 97.27 273
2022-5-23  59.41 58.97 99.25 0.75
2022-5-24  59.74 59.18 99.06 0.94
2022-5-25  59.52 59 99.11 0.89
2022-5-26  59.87 59 98.53 1.47
2022-5-27  60.20 59 97.97 2.03
2022-5-30  60.57 59 97.33 2.67
2022-5-31  59.97 59 98.36 1.64
2022-6-1  60.46 59 97.52 248
2022-6-2  60.65 59 97.20 2.80
S TR 97.84%
SE R IR 2 2.16%
bR 2 0.5184

4 VT, SRR B, B H R TN
FEHARTE 96% LA L, SF-HIRE 0 B i ik 97.84% ., o,
2022 4F 5 H 23 H W HUNRE BE B, o 99.25%; #H
27,2022 465 1 12 B, 16 HFI 17 H TS R
A, IET 97%. X J& Pk 2022 4F 5 H AT
10 ™38 H (RIS H 5 HZE 5 H 20 H) SEFRiR M
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2& 5y H A A1 W S A 4V S i A2 o, T
58] 20224 5 H 5 H £ 20224 6 H 2 H 1k
Hro 5 AIH, 22300 m] A 50k 1 AR R B R AT
% H A B Y 96%, F-HIKGE & T ARIMA
iR, SR 98.17%, Hidr, 2022 4F 5 A 5 H AT
R i, ik 99.49%; HH ), 2022 4F 5 H 23 HAY
TR i FE A, 4 96.57%. FEJFRINTET, KAl
THILAZE Sy H Il A% 20 ik, 138 % H 1Y
WTL JEIM AT JLTANAS, S008I % T 25 58 21
—EME . SO, HET ARIMA BEERT 10 432
5 H B3 22, 200 [ A AR i R IR A7 2]
AN AN A SE R, 3 55 HE T Z2 AR T A S o Rk
M 7 O 2R R A BREAT O

®5 ZIABAERNBN TSR

Table 5 The predicted results of polynomial
regression algorithm

R SCPRERGT B

H 39 Je i BE/% AR TR 22/ %
2022-5-5  57.70 58 99.49 0.51
2022-5-6  56.95 58 98.19 1.81
2022-5-9  56.88 58 98.06 1.94
2022-5-10  56.85 58 98.02 1.98
2022-5-11 5691 58 98.11 1.89
2022-5-12 5691 58 98.13 1.87
2022-5-15  56.95 58 98.18 1.82
2022-5-16  56.98 58 98.24 1.76
2022-5-17  56.98 58 98.24 1.76
2022-5-18  56.94 58 98.17 1.83
2022-5-19  56.96 58 98.21 1.79
2022-5-20  56.97 58 98.23 1.77
2022-5-23  56.95 58.97 96.57 3.43
2022-5-24  57.88 59.18 97.81 2.19
2022-5-25  58.09 59 98.46 1.54
2022-5-26  57.95 59 98.22 1.78
2022-5-27  57.96 59 98.23 1.77
2022-5-30  57.97 59 98.26 1.74
2022-5-31  57.96 59 98.23 1.77
2022-6-1 5795 59 98.22 1.78
2022-6-2  57.98 59 98.27 1.73

S A7 A 6 98.17%

SRR R 1.83%

b2 0.5132

233 LSTM A& fml 4 R o4 S2mA e
SRS L, LSTM #E AL [A]FE % 5 T — 3 &) H ikt
A WTL AR A& AE R i A &, M 8 S
(R 7 G 2R, S8 LA 0 . LSTM AL A sk A1y T
RS B2, W3R 6. AHE T HIA P LA, LSTM
BT (10 OIS FBE e ey, 2% H TRUIIORS BE 24088 4 T 98%,
S 243 T K BE TR A 99.26% ., Hivb, 2022 4F 5 H
20 H Y 950 I0OKS BE B 5, oA 99.69%; 2022 4 5 H
23 H (4 TI0AE BE A%, A 98.61%, 5 210X [A] 9 5%
R B 25 R BRI [R) 58 W) G o X R PPRE
T R RN TR], E RIS AR R AR T e A G R
)G R R A S e LR AR A
%6 LSTM =B WIHRMFLNIE R
Table 6 The predicted results of LSTM model

TmEsRA  SEPRRAT TR

Hit JE JE % AR 22/%
2022-5-5 5770 58 99.49 0.51
2022-5-6  58.67 58 98.84 1.16
2022-5-9  58.49 58 99.15 0.85
2022-5-10  58.50 58 99.14 0.86
2022-5-11  58.51 58 99.12 0.88
2022-5-12  58.48 58 99.17 0.83
2022-5-15 5841 58 99.29 0.71
2022-5-16 5831 58 99.46 0.54
2022-5-17  58.22 58 99.61 0.39
2022-5-18 5821 58 99.63 0.37
2022-5-19 5821 58 99.63 0.37
2022-5-20  58.18 58 99.69 0.31
2022-5-23  58.15 58.97 98.61 1.39
2022-5-24  58.39 59.18 98.67 1.33
2022-5-25  58.66 59 99.43 0.57
2022-5-26  58.76 59 99.60 0.40
2022-5-27  58.76 59 99.59 0.41
2022-5-30  58.69 59 99.48 0.52
2022-5-31  58.65 59 99.41 0.59
2022-6-1  58.65 59 99.40 0.60
2022-6-2  58.64 59 99.39 0.61

ST TR B 99.32%
SEEARNT R 0.68%
bRt 2 0.2630

3 itig

AT ARIMA #8235 A5 LSTM
B ) 2 E e o SO 45 51, D3R 7., T, 3 Al
ORI T R AT W e, S X R R Yt T
97%. H.r, LSTM 5 1% Fl kG o B2 i =, M
99.32%, b 2= /N, AN 0.263 0; 2045
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PR, TS BE S 98.17%, FRifENN 254 0.513 2;
ARIMA AR X 458 22, TH0INDRS 82 A o O 2 5331
4 97.84% F1 0.518 4, XWRIAEHIHE B A LN
AR SCIE T, R 22 S Bk B i 2 4 e

A DAAR G-t Al B2 280 B A 140 D sl 728 A B 3 i kR
MaH . R, MEHRE B AR, R ml 2752 A
R RAF B AR S &1 54 T, ARIMA ALK
BEH R LIS o BEAN R BREA S BAE, ik
FEIE EL A PRSI 5E R e S0, TT oA Al & S
53 i 1T S VB 1) S AF R 55 T SRR A1 10 83 B
J5' 1), 2 O B4 Rk T 5 R . PR R R

RT7 RETNBHELSRILER

Table 7 The result comparison among

#* 8 Z£EKRMIFEM 11 AmMTINER
Table 8 The predicted carbon price in November for the
national carbon market

H 01 W oT !

. ARIMABER  ZHi AL LSTMAEBIR
2022-11-1 62.65 62.54 60.79
2022-11-2 62.48 62.78 60.79
2022-11-3 62.72 62.62 60.78
2022-11-4 62.97 62.86 60.84
2022-11-7 63.34 63.10 60.95
2022-11-8 62.83 63.45 61.11
2022-11-9 63.21 62.97 61.12
2022-11-10 63.33 63.34 61.18
2022-11-11 63.13 63.46 61.23
2022-11-14 62.95 63.27 61.21
2022-11-15 62.99 63.11 61.15
2022-11-16 62.86 63.15 61.10
2022-11-17 63.12 63.02 61.03
2022-11-18 62.95 63.26 61.03
2022-11-21 63.19 63.10 61.02
2022-11-22 63.44 63.34 61.08
2022-11-23 63.81 63.58 61.19
2022-11-24 63.30 63.93 61.35
2022-11-25 63.68 63.45 61.36
2022-11-28 63.81 63.82 61.42
2022-11-29 63.60 63.94 61.47
2022-11-30 63.43 63.75 61.45

A P18 63.17 63.27 61.12
Frifiwzs 0.3653 0.3929 0.2088

three models %
H 1 ARIMARHR] ZI ML LSTMAR#Y

2022-5-5 98.72 99.49 99.49
2022-5-6 98.17 98.19 98.84
2022-5-9 98.53 98.06 99.15
2022-5-10 97.94 98.02 99.14
2022-5-11 97.37 98.11 99.12
2022-5-12 96.72 98.13 99.17
2022-5-15 97.77 98.18 99.29
2022-5-16 96.91 98.24 99.46
2022-5-17 96.59 98.24 99.61
2022-5-18 97.03 98.17 99.63
2022-5-19 97.31 98.21 99.63
2022-5-20 97.27 98.23 99.69
2022-5-23 99.25 96.57 98.61
2022-5-24 99.06 97.81 98.67
2022-5-25 99.11 98.46 99.43
2022-5-26 98.53 98.22 99.60
2022-5-27 97.97 98.23 99.59
2022-5-30 97.33 98.26 99.48
2022-5-31 98.36 98.23 99.41
2022-6-1 97.52 98.22 99.40
2022-6-2 97.20 98.27 99.39

TG EE  97.84% 98.17% 99.32%
SFEHIHNTR 2 2.16% 1.83% 0.68%

bRt 2 0.5184 0.5132 0.2630

o TG MR R 3 SRR T Py R, 7E iz H
ARIMA FERITRAS B R 00 H A HT—38 %) H A
A WTI JE I A B JERE L, 2350328 FH R A 2 1Y
3 S FIATAY e A E R T 2022 4F 11 H BYRRAS
Sy HANAS TR0, W% 8.

25 8 T, 3 ANBIRUEY 11 H B SIS Y 4y
MR 63.17., 63.27 1 61.12 JO/t, AHEL T 2 AR A 52
PRS- XME (58.28 Ju/t) A BT Tk XA, 4F
I I 2 g 11 30, 2 HE A A o T 450 R e HE T o
EL 2 BEAH 22, Ak o] LIRS B S5 A T 2 43
BT ) 32 H AN 2 B BT S, TERKR T 37 R I
WK, SEGR ML S . Ak, XTEE 5 B TN &5
3 AR TN 25 S b o A 25 35040 BT T B, R BB
o4 E AR T 3700 H 25 A0 A0 R4S B %) AS W {gt
&, WA IS/, A T ARE

4 g

AR SC LA 4 EE 5T 3 0 R HE RO SE 5 Ak
BRI FE NS G2, FEK FH PCC i 3 BURS Ay 5 it g 2
RIFERE L, IV T2 . BE BA K B i
e B A, 43 9ili2 F ARIMA HHE] 51 . LSTM
M5 3 2807k, A T RS B A
IR ISR, SR T 3 JSASORI T ARSI
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