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Abstract: In recent years, the continuous rising production and import volumes of liquefied natural gas (LNG) in China makes LNG
one of the most important sources of natural gas supply. In view that LNG has flexible supply, multiple market participants and a high
degree of marketization in the industrial chain, the scientific and accurate prediction of LNG spot price can provide market participants
with decision-making reference and reduce market risks. In this paper, an organically combined prediction model of variational modal
decomposition (VMD), complete ensemble empirical mode decomposition with adaptive noise (CEEMDAN) and extreme learning
machine (ELM) based on the sliding time window and the idea of quadratic decomposition is established, and then analyzed with the
LNG price data from Inner Mongolia as an example. The following results are obtained. First, the sliding time window can effectively
extract some parts of LNG price series used for analysis and modeling, and perform the decomposition, modeling and prediction of
training set data, so as to prevent the LNG price data to be predicted from mixing with them. After the modeling and prediction is
completed, the earliest LNG price is discarded, and the latest price data is introduced to understand the data laws over time effectively,
realizing dynamic model update. Second, VMD is adopted to the primary decomposition of LNG price, and CEEMDAN is employed
for the quadratic decomposition of VMD residual sequence, which can sufficiently extract the data information of LNG price, so as to
improve the prediction accuracy. Third, the component modal sequence obtained from the quadratic modal decomposition of LNG price
is introduced into the ELM model for prediction, and the prediction results of each price component are summed and integrated to get
the prediction result of LNG price, which can improve the accuracy of price prediction significantly. In conclusion, this model can better
extract the time frequency information of the series, effectively avoid data leakage, and make full use of residual data, so as to improve
the prediction accuracy greatly. It is a feasible and effective method to predict LNG spot price.

Keywords: Sliding time window; Machine learning; Secondary decomposition; LNG; Price prediction

EE&WAB - BRANRIFEE EoH “Reiisgt MR E S BT AR ETERA” s« 72273151,

EEREN « IMo4, 1965 404, #d%, LW SN  RENFRIFETIS G RE. IKRE T SRR EGEm PPN J7 w7t
TAE. Huhl - (102249) Jbaii & FXIRALATIE 248 18 5. ORCID: 0000-0001-5591-9581. E-mail: sunrenjin@cup.edu.cn

BIEVERE - ABERNE, 1999 4, WLAFA o EEMNFREEAGHEEL. e U A% TR 77 T PR AFF 98 A Mk - (1022490 LTl &
SEXIBALATIE A 18 5. ORCID: 0009-0006-5072-1158, E-mail: 1665913377@qq.com



531 M STV Sl 1) B RN A R A T B LNG B A B 7 ik 171
0 3| H s BORARBETR 7R AR Z2 500, T T X 2K

RARSAE IR I A A REIR, 76 [ ) 2 7 2
REVEAR R FE G 120 S e iz U B4
K, BEE RIRTBERCRIEN Z ok g, S ERELR
SRS (LNG) FEP= B M OB 2 TF, AR
BRI RIE 2 — P | < EAR, i
TEW k™ I RAR AT e seng B, 2013 4F 6 A
FRBASET RS RAT (T RBERR SN
R, KAV I R NS A,
BT BRI TUEAS EES MBI % DL
LNG FSIEMASE S, Ik LNG 3Lk s21T i
e W 24T, FER LNG 3658 5 38 i e ek
TEMN T 20TE & A RARAS A B itk AT ), S
Tt — SRR B A R . BT LNG fit4h R
W55 X%, 7877 g s G RE B A X 55
w0 Bk, AN LNG B ks fetig 4g S 4k
FAERA IR, BTnS 5 EEENE D)
FUAE, NBUR ST 52 B8 JRIBUR S A SL i 2% ik,
B4k &5 B B b AR BRI R .

O W 7¢ 7 6 5 B8 9 LNG i #% 7000 24 52
T RUF R EERE AN OTAT 1 564, B BR3P S5 A5 A
(ARIMA) P K-means"™, /Ny 2047 UL B4 DU
g U R R U SR gt i, DA R
FIEEH (SVR) M| KIEWHCIZMZ (LSTM) 1,
% B W 2% (CNND U 2 5 510 4 oLk 4 R
(APSS) "7 S 28 W 48 5355, R AR S A% T 0 1
FURRAL TR A . BT R — B A i A S R A
B RARTH EIE TR R, kiR (PSOY MY 4
R (FS) M| AR REE (SSA P, #fEH
% (GA) PSR A Sk T LLE— B4R THHL 88 22 2T
R, AN R (EMD). EREHBE
fit (EEMD) ™ HAME &L ISR /3t (CEEMD) P,
] 38 e 7 5 A AR A A IS /3 i (CEEMDAND P4,
AR (VMDD P S A A3 g 410 m LUK IR
46 LNG W ig o e T HERBEE S RN TFS, M
T A7 A B0 23 BT 1 2

R I, A B AT 3 T R AT LA
WEFE R = T SRt X IR AR A 17 51 IS A e, 0%
JER P 5053 g AN [ B T) FROBE R B ARAE R3S 41, &
FINGELMRE, F &S T AW T I
RIS BITRNAE . SR, A 120 fi S A TN ASE 2R AT A7
TE—E W R BR T, ] an e £ sk 21 3 72 o 3 4
TSR, S EUBY FONRS FE R = B G S PR AE

MR HE R a7, SR AR A . i,
%% FI ] VMD—CEEMDAN - R 25 43 fift 5 15 PR 27
IR (ELM) #4546, 8 LNG BLE A% Tl
BERL, DLW S A) B R AR R o T B 4, A
A DA S B B T 2 1) B A o R AR OB A, [R] B A AR
AR I AR RN 2 R AR TR A A, B L T
TE G SR TR A BB 25 FE AR 22, AT RS 4 R
JEAE, X VMD 73 i J5 1 i AR RS 7 41 DA B ok 2
¥ 51 J& Jf CEEMDAN R4, #E— L BE 47
FURIEE, FRACTIONAERE, B S A ool Ak

1 BXERIE

R TI LNG B 5240 4% 1) VMD—CEEMDAN—
ELM HEBA, HEVRFEE TR,
1.1 EEhRTEE

T B R B A — i rE b FE A 1) 3 A0 B8 B
VB A 7%, BTS2 SO A SR A HHE Ak
Mg s, HEAR B —BOE S AR 8] & A
AR AT G M el E L, RS BE A I TR R HERS
XANE O FRT “Hsh” — AN e i e R,
B — R, BN TP A 3R B BE B AT b B, I
ST T 11 P A B AT RLRE B W el B B

B IR GG T [0] 7 A0 B i X, TR () B 20056 B2 1)
A icAE x, FEIREGI AP AR X, x,, AT DL
I, x, REIR . BB IURE P A G g 3
PEVE IR, UTE 58— VAR ol e 31 bl ik 4
AN p AN ECHE BT RNE Y, R LR R p A
HHE x,eeex, BTN B AL, 45 31 s(p+1) I 21 ) 500
By, s BF—W%, EHEEE, &3 (1) M %I
G x,, IR (p+1) B 20 B EHE x,. IO TR B, fR
RIS R B N AR & p MR, R B xp, e x,,
B RIS B ((p+2) B ZI T TIIE y,,, 2 EA
BT TS R 8 P
1.2 BEESR

BLAS 5 R W5 AL FIN )7 510 504, DA 5 9
R BRI AR B S S, WS A AdE
25 EMD. EEMD. CEEMDAN DL & VMD 4:, EMD
T BRI 5 7 AR SR B PSR ™Y, EEMD B4R
HdkE 7 EMD JRAT) R 8, AR P AR R AR A B B
25 21, CEEMDAN 7E 43 fift (3 2 op 888 i 1 4 BR 3
1 3 N 0 e A BT, RS AT RO EMD YR A



172 >/ S A N | 4 2025 £E55 45 3
5 EEMD g5 = im i, H 800 e adE, M Mo ERSTF A IMF,., -
19 B RS 73 5 80 2 Bl o 20 52 44 2 B 0 AN [R) T AR r(t)=r_t)—IMF () (5)

6. VMD TETSA I8 7 AR OEL k 26, BT B
SR I R R, A3 B RESH = 8 BY,
82 SR AR E i AR o i, o3 A R BOE DAHE B 1528
16 23 38 120 RS 58 4 mla JBE 40 A 1 1 R B IR
% ¥ 454 VMD 5 CEEMDAN (4%, F| Ff VMD
HEATWIIR Sy R, 1538 id CEEMDAN Xf VMD 5% %
A I R ff, 7 S BUT FI B AS 2, DL
TR VE

1.2.1 VMD 4%

VMD j& — i JEF A s 5 10 E & B Al v 7
%, BRSNS (R 20 Al A B T E T
ks, ARG BRI PO aR B
Xt R E P51, VMD 83 SRR SR % BY,
FKREAWT -

u (1) = A, (1)cos[p, (1)] (1
ot RORESE] 5 k RoR o BITPHINT S 5 w() Fow
G559 s A BRCBIEE ; o (0) RN AR K
ik VMD 7 2R -

& AP okt
nm%g;aﬁag+gﬁ %Uﬁe
s.t. iuk ) =f®

Kt j RN 5 0,() R0 I (A AT i 5 S 5
O(t) FRYRI LR BB ; * FoRERUSH s |fFR 12
TWELI T 5 A Foom AR ) 50 508 5 e RoR
u () {55 £
1.2.2 CEEMDAN 4%

CEEMDAN & —Fib B AR L 1. JEFRE 51
BRI IE B R R A N
FIFH AT o A R AT 2 I RIZ 5, M4k EMD
(R o3 SR OO, SRR R A3 A 45 SR (v B v D T LA
BEMH . CEEMDAN K55 BN R 55 BT

D AR FE I JRIGE S x() FEREHES,
FIH EMD xf HH#EAT n o0 fiR, A 0] 43 2 5y 2 )7 5
IMF, 58855 r(f) :

(2)

1Y

IMF, (1) = NZIMFI’ (t) (3
n=1

1 (1) =x(1) —IMF, (1) (4)

b n RIRRRIREL, N R e s I8 1 30K
FEJFFF 1 F NN 1 e 75 PR
2) ARELIMEE AR RIEE k DREFH r() M k+1

mn@@:%ﬁﬁﬂmm+q@@@ﬂ

A E, [] 75 EMD 730 5 o RoOnSHL
3) HELP2), HEFRES P F K
JRURTE T TR IR R Zens (O THETTIEN

Zena (1) = X(0) = 2 IMF (1)

1.3 #ARKE

FEASAPS (SE T LI FH Sk 5 5 ) 1 P 510 S50 5 2 B
LA R HHUT IR 198, 78 2 U i 0
TR B, SR RE AR R R i A S A R A
TP B () A RS R B 2 BT ARSI
PR G RRFTR .

1) K BE A BRF 1A J52 ) ) i 1 6 4 0 £ 8 5
ST R e KB S

dLX (D), X ()] =max[|X(+D)-X(G+D|] (8
A XC) Ko A A &= =1, 2, m— 13 H
1<i#j<n—m+l,

2) B A 2 A B B d[X(), X()] I B1E 9 7,
W% T4 52 B r RER AT RN -

(6)

(7

B.
B (r)=—" (9
n—m+l
1 n—m
B"(r)y=——>» B"
(r) n_mg;,@) (10)

b B, RIRFP 51 X(0) 22 15 B 5 AN 2o R 2% A 5
A m FRow B(r) MIZEE

3) REAFENFHIIREANRE -
B"(r)
1?m+'(r)}

SE(m,r)=lim{— (1D

14 ELM 8!

ELM J& T RBP4 25 2 S R, LSk (09
BN REZEMEHE. BT RA R -2,
ELM HJiH 5T M 8T 2 Bl &5 5 SRR B A BUIR
(I 4 . hAh, ELM AR B o 8 i S
BHUPERE RIS FErE, 16 B & Az g BY.

B ¥ ELM 2% BN 2719 08 N, Rz 19 1
NL, BRI M, WEHREARRN ()", Hd
xi:[xilaxib'"rxin]T VAL NG S yi:[yil’yt'Z:"'syin]T PSE R
AR . ELM BRI (12) B -

Y=Hp (12)
KA Y=y, vy, il Fon BARAERE, H RoREE 2
R, B FRRFEEE S R A B



53 1

IME A TSI 1) AN SRR EE & b ] LNG BB i T 77 i 173

WLAS 2% ST A SR T ack 72 b 75 B2 5 6 2 4
AT IH— A AL B, HAp &k .
_ X_Xmin

map—m (13)

Kt X B H—WE T H) s X RoR G T8 5

X TR IR T AN I B RAE 5 X 7R R UG T 1 R

R/ ME .

2 FUMREIE

W5 F % ) VMD—CEEMDAN—ELM #i%, F|
F ¥ B[R] & 07 a3 44, LA VMD—CEEMDAN
I3 R EERIR A% 7 HI AT RIS o i, IR % T
FP3a N ELM AR, &AN 3 87 41 1 T30 45 SR s
135 LNG LB 0 4% T AE o
2.1 HAEERBFHE

I HHE BN B] B AR AL BT, VMD—CEEMDAN
TURBEAS R DL S, ELM B, 8 7E I AT
JiE R AT A Fe e 3, R R — 20 B T T
HERf R o
2.1.1 HFhetEE

LA SCHRIEAT 73 fA 4R BCTIUI B, 38 S0 B Ak 4y
A s AR AR S5 gk, (B TR0 7 5
(R B 5 2 2% B 2 SRS 0 R IR AR, X
o R” JNEAENAE AR 2 5 it i, Tk
IYRGE R, FLR A R A LR B i 1 ) R, A
PLEE Sz Br 5000 ob 2 5 DA, R 0 [ o I 1) B
W R R F 2 FSBA, HSHTIEARE A% A
R AT

T8 BN 1) B BE 05 A O AR () @, — 7 1 ]
DA 2 IS 46 e 81 v T 20 i AR ) 8 43, Kl
SRR AT o B DL L TN SRS, 38 S
AR IRA b s 55— J7 AT DAAE I 0 8 A5
WIRTEHUE, S ERIBREE, R — IR A
Horr, B TR HERS A AR B AR, SCIUEE A ) B
AFH
212 ZR4HE

VMD 277 A B % S AR P 91, & AR
BT 2 S G 75 HAE2EE, —F ZEiE
ARG B E 1 RES, {HiT RES [FHIIE &, Tl
DAERERER, 2B H AT Bl a5,
i TR RS B B

VMD—CEEMDAN R3S J3 e 22 44 il v] BLAE

PR 7 58 RO RS LT, 7820 R B d A5
Ko VMD 7EMi & - OMRMIEOLT, T LARhiE S
s, AR e E 75 EE, & 4% EMD,
EEMD &5 73 il 77 V28 R A 245 TR 28 B3 ot i 0 il 1)
L% ¥, CEEMDAN 8K /- il i sh M5, % i
B3R, ATUUH T4 VMD AR ZERY), —
J7 1 AT LA PR B R B R o LA, S — T e DU
PR EERAE B, B A 2 T A

22 AEERIME

5 18 2 LNG BB 4 ks A AR Ak 5 BEALYE
RFAIE, 32 M2 T RS iR S L a2 IR 1) VMD—
CEEMDAN—ELM #:#, F]-F LNG L% 158 1]
T, HSEHUPER (K1) BRI .

D) W E S A . 72 R 7 S B
Rl oy Ik, 3k X 5 M I %1 22 A1 1 Rt
BTREEN, AT IR,

2) LNG B A% I 50 . F LNG BLOL fir i 42
i VMD ¥R fift, 132 k DS I VY,V B
RIRZETF B, JERE PR AR B 1V, 5k 2 7 51 J T
CEEMDAN Ry fif, FEAREE, 3t 01a8m
MREFHC,, €y, -+, Co

3) FP A NS k. A4 VMD 5
CEEMDAN 7} fi# 13 21 (¥ 70 & 5 51 Il 45 ELM #% 7,
2B B 5B BE, IR R &A= A
PRI 2E RLANEB N, THEH LNG BLET 4 4% 16 5000

45

BB T e ), -+, ((p +i— DFZI
v
| v E s |

[ v | | %=
\/

CEEMDAN — IR 4> il

ELM#7Y

| sresramuse |

| (i) 2 TS Sy, |

E 1 VMD—CEEMDAN—ELM #&E! UM FE E



- 174 -

PN S

T 2025 FE3F 45 &

4) FFTEM T — 8 2 1) LNG LI A%, W)
VB 1) 7 1 Jig v sh— N B CRDZERS TR YN 1 A4
BEE, IR e AR R 1 AN EOE, R PR TR
WIEHRERE A p), SHRT RIS, REGE 2).
2.3 IREKIIERR

N T DA AR TR T A R, SRECT S 2 %
SrHR%E (MAPE). 77 %%ZE (RMSE) LA Kk 5E
AE (R X 3 PR Arok o A i B AR L (135 22 7K F,
HAFE AR (14) ~ (16). MAPE TR
MLt &, B8 EH TaEBE, R
BRI BS A, B E AUHARIG S L, R T =
xR ZERANTFI, MAPE /), TRz ik )
RMSE 3 TRINAE A 1R K EURE MR ZBONBUR, e
AR BTG (RS 25, RMSE F80U0N, TR ZE ) ;
P R AR W] DA R R PO B R () R SR %2
R HEE T 1, A LA O R T

MAPE WiH5H AN -
100% |V -¥,

Y,
Xy Zon Y 5 ¥, RoRLhefl s N AREASL.
RMSE Wit H AR -

MAPE =

(14)

RMSE = (15)
R 507153
N o~
¥ -Y)
W:pgT—ij (16)
(Y, -7)

A7 FR L IR T M.
3 SCESHR

W SO R, LN 5 3R X
LNG LT 4% B AT TN, 5 80 B 8 6k
PR A
3.1 BEERIRSHE

WS BRI AT R EEES, W EENARE
PR AT A X o Horb, AR R 2 Wi A R A
TR PR 2% W) 7 B P o v ] R D £

B KBS, R R R b X N 52 A
WX SR, BT ASE T EBXIAEEE
IRIRTTEIR, FERINAIH %52 LNG #1857 5 152
e A X 5 /0y, R E PN 5 1 VA XA DLRE i L S
W E 7= RARSAEE A T 28 Gk k. BiAh S
RIRRAZ Gy LGt T A EVE R LNG 1) DL
Wl H LNG A, R A X LNG
H) TR, RN B X TNTA LNG 1.
o B A H LNG B 5% B9 sS4 DA e A 5 =&
TIACTE S ) X S-S54, ReRe OB %48 X T LNG
LA A& (P 35K Y, R, e E B R
ARG O RN ZE S HIRX ) LNG H) g
BRI iZ X 3k LNG BB % K P o Bl e [a) v
Bl 2016 46 1 H 1 H—2023 45 12 H 31 H, ¥k
U528 Wind 252, Wikl 2 .

HELNGH ] itk a4

1 1 1 1 1 1 1 J
2016 2017 2018 2019 2020 2021 2022 2023
G20

E2 2016—2023 FRERHEAXHE LNG 5 Nigis#E

WL X 38 LNG BB U b B G vt Pk an 2 157
N, P ERONEE] P 5 B4 @ i BDS LSS ORE SR . i
AR EI 228 7 158.00, Fr#EZEAN 1 507.67, FFHIHE
%L, H BDS K64 0.05 KV T EE, WHF
LR R, HRERE .

TEZE 3 BT FH AL 2% 2% S T AR B o, DA H
RFEE, BN RPN 15, B
9 H i E I RT 1S W0 s B, BT LNG B0t
A SRR EESAL S 5 d, TR IS A 5.
WREL 2023 FF 6 H 1 H—12 H 29 H & 147 AN %48 H
FIAABAIPERE, 1 957 N R o ok i gL ik
Pl 42 1 810 N EHE, Fir LATE shi (8] 8 O K B2 5o
1810.

R 1 LNG ] MsERER ST ERRR

iR R IR ME s e Eo=

AL

pRifEZE e J3Z i 2 BDS % P {H

9 386.00 2 228.00 7 158.00

4105.39

1507.67 0.147 0.96 /~NF0.01




53 1

IME A TSI 1) AN SRR EE & b ] LNG BB i T 77 i 175

32 RIS MRS EN

VMD 5 CEEMDAN 7E % 4 (#1155 25 7 i 5 TH) 45
HGIRHA, TERESEHEMENLT, K VMD 7 fif
7732 AT DA B [E] o2 £ B o 2T 81, B b (A
W AR S R E R R EURE s BN R
CEEMDAN /] DL R o7 filg m A4, 78 70 S O
HIE R, AR SCEZERH VMD 47— IRl
BN T B FISR 22 7 513847 CEEMDAN IR 73 fif -
32.1 VMD &%

B 5K VMD X LNG 8L M A& 3E T — IR i
VMD 7E A ik A2 7 ZE R ANk, N T R
IR T BE L A RIS, R RO AR
LR E k8, BIFEAF & {E T E VMD 7 fif 43
FE o EROHIE PR (R 2).

x2 AEkETEREST LRI E S EFDIRE

ﬁgzi =2 k=3 k=4 k=5 k=6 k7 k=8
Vi 0.04 002 0.02 0.02 002 0.02 0.02
v, 1322 634 515 450 420 4.03 3.83
Vi — 2739 2097 1596 1429 13.46 12.17
V, —  — 181.30 42.67 32.80 28.92 24.59
Vs — —  — 20176 63.97 56.74 47.24
Vy - - = —  223.92 179.65 87.37
v, - — —  225.57 180.72
Vs - — — — — —  225.82

ME=T TR a6, 2% B d e K P 81 Sk s A G
i, HMIBSREIS, Pl i H iR
REWE k=6, HRSHIINEINE, HEHEE 6
ARSI 5 — DR ZEFI, ARKACHE V), Vo,V
B E. FAFBAE RN T IR HEE R 02 1%, m=2,
TV Vo Ve SRREFFSIIREAR 45 R AR 3 Prs

®3 VMD NRFEIES S ERHARER

B &7 5 FEAJR
v, 0.016 8

v, 0.098 2

v, 0.224 8

v, 0.299 8

v, 0.402 2

v, 0.596 3

B 7 0.479 2

3.2.2 CEEMDAN —k 4%

23 VMD S F A, Ve AR 22 IAE UK,
Hp o2 R W, T BT S SRR,
PEm T ERA e, R CEEMDAN Xt V, Fliik 2231 T
TR RR, O RIS PR RS A BB R R A S
# 4 fin. 43k CEEMDAN Wk fit)a, HBEINT
JP AR ARSI N T Vo FIRZE T 51, X UE T Ik
IHREENS A RAR V, AR ZE 7 HI AR B, M2
o T ) HE AR

% 4 CEEMDAN S fEBE| RSN EMNHAREE

BESETS FEAR || BESSRTE R
G 0.384 6 G 0.0577
G, 0.273 4 G 0.046 1
G 0.188 1 G 0.0250
C, 0.168 8 C 0.0196
C. 0.109 7 C, 0.012 1
C, 0.045 5 C, 0.002 8

3.3 REFINEERISEE AR

AT S 21 B BRPR, el iET VMD 5
CEEMDAN B 73 771257 LNG BLER % 48 5507 1)
AT Z IR fif, DM 78 o SR ICEAR th R E B s AR
Je P o3 it I T A 22 S 73 27 AR N ELM B RS T
[ A T 3SR A ST VR 24, FAMEE T R4S
XTHRSEES, A3l e RABES iR 1) ELM 85, DA
J 255 SRR AS 73 ) EMD—ELM., EEMD—ELM,
CEEMDAN—ELM 5 VMD—ELM & # ., & 7 i &
BRI AR, 2 BT P 5 1 . 3 BAE 5 B
THOLT, 6 Ml 7 ik B IR 2= i g R (R 5).

ZAF ELIRUE, fE T 5 1 #1315 5 BB oL,
WP FIR 6 AL RS B2 S iR 22, i RIS H DA R 45 R

1) % b B — B 55 28 o RS 40 A ABE 25 (1) ol &5
R, B BERTINR ZEROR,  TIE E S AR ) i
e AN FE AR 2, Ul B ML A S AR E AR R Y
A P A AR 2 P B Bl R, (HAE 52 2% 7 4 SR
W oy IS A IR s T HAREE T2 S0 i
Ja B, R BT TR 2 B AR B S L e R
i B B FH AL 2% 57 >0 A5 B 7 $2 HOAS 7] s ) RRE 1)
HARGEETW, FAE-EWREE. 5 NES D #E
J AT DR 50 EOHE i BRAS (5] P IR R ROBE 1) 40, BRI Tl
DMERE, ook B — A5 ARG FE SRR I )

2) XA g, AN RIS 43 i 7 10 B



- 176 -

2025 fFEE 45 45

®s5 TREEETMRES TR

TR ) A i R MAPE RMSE
ELM 0.878 8 0.041 6 243.421 6
EMD—ELM 0.926 0 0.027 4 162.501 2
EEMD—ELM 0.938 7 0.023 3 160332 5
.- CEEMDAN—ELM 0.943 7 0.023 7 159.912 5
VMD—ELM 0.944 5 0.023 3 157.144 7
VMD—CEEMDAN—ELM 0.950 2% 0.0230°% 15598217
ELM 0.849 9 0.045 0 270.926 1
EMD—ELM 0.890 3 0.039 5 231.5772
EEMD—ELM 0.908 5 0.029 5 211.570 0
3 4 CEEMDAN—ELM 0.927 9 0.028 5 187.781 2
VMD—ELM 0.941 4 0.026 0 169.275 7
VMD—CEEMDAN—ELM 0.947 0% 0.023 9% 160.917 1%
ELM 0.749 7 0.056 5 349.822 2
EMD—ELM 0.874 5 0.041 6 247.770 6
EEMD—ELM 0.883 3 0.036 4 238.8452
5 1 CEEMDAN—ELM 0.885 5 0.036 3 236.587 0
VMD—ELM 0.892 6 0.036 0 229.193 3
VMD—CEEMDAN—ELM 0.940 8% 0.02727 170.166 1©
. OREFRML:R.
(R TIN5 5, VMD F1 CEEMDAN 1) 43 fift 1% 22 508, 4 LEB

Ut BASEAS 23 At R 0% IR 4 17 970 4 oA P A [) el 1) 8
R TN CIL NS TR R - BN - 7 N T
il Bt & 2 5, VMD Ml CEEMDAN | #¢ % ik
TSRS E L E B SR . EREEENES
SETT, AR TR IREUCERAS B, B T
K

3) X H— IR RS IR o R AR ) T 45 AR
TRy RS )R 22 A, T 45 SR A B I T s
PRt . SR 7 5 20 AR AS o R AR B R A AR R 7
FEA, T A S A T v, TR A B 2 K,
SR FH P o A [ o B S R o0 A D7 0%, TE R T
B BEAT RV 53 A 10 JE it T v AT ) 5 2 B
JETF RO fil s FRAR AT 51 5 5% 22 7 S I 2 R
FE BRSO R R JE R bk — B AL TR 45 5

4) St AN [ T e AR A5 R, R LR T
I FE BRI, AR AR 43 At 1) S — A 2R 0 2K
RNWT T B, TSR B R (2 A B ORI
(TR B, — k43 f# ) VMD—CEEMDAN—ELM
R TR 0 25 SR A AS [ TR A S R I A, 1A
W SR o) f N A RIS () R, R 3R U 407
1) F (R R A IS R 0% (5 TN ASE TR ) B LA e )
TRy yreg i

1) F g B ] B HESE, — 2 n] LA O ke
P M 5 ), S AR T de A A A R T A
Tff A TR &35 B P B Sz 5 — % AT LA IS ) 1 e A
B, ZhATEHER S, R BRT T &5 5 N
W30 BT PRV B AR, v T T e

2) JEF A& VMD AT YR o fd e, A A
CEEMDAN X 5 J% B ¢ i ) =i 407 41 55 RES J5 471 i
TG, TR OREGREE BT, IR
R EEE L, BT HERE. BEE M
T BRI R, B — B R 5 AR Sy A T T 1%
ZH RN, 1 VMD—CEEMDAN—ELM #f 7 28 5
TR, TR FE B, ELIO AR AR AR E

3) FIH ELM #8453 55 il VMD—CEEMDAN
TR AR &N EIT A, F A RIS 2|
Mk I B A TINS5 R, TR FE =, 369 ELM 4%
RUAE TR AR 2 14 2 7 T B L5

ERBREAME TN E R, LNG I
T B B T I AR R IR i vy, A B A ol
FCRER T A, SRS, WA H 0 T AR A A A
LA TN b AR E PR, T BAH LNG BB A& 1)
TR =%,



IME A TSI 1) AN SRR EE & b ] LNG BB i T 77 i 177

2 F X ™

[ 1] OKE, TR, AL, & 0 B R AR AUU RS S50 1 1] ot 5 i

SR [I]. KRR %bk 525, 2023, 17(3): 1-9.
ZHANG Yong, HE Chunlei, DU Bo, et al. Review and policy
suggestions on China's natural-gas price reform[J]. Natural Gas
Technology and Economy, 2023, 17(3): 1-9.

(2] 8RRk, 53T . a7 A8 UON B RAR AR pL

G52 [T]. ks AT, 2023(8): 18-23.
WEI Hengshu, MA Yuan. The impact of the Belt and Road on
the formation mechanism of China's natural gas price[J]. Prices
Monthly, 2023(8): 18-23.

[3 7 5kE. FRERA T AN ARAR - BUR. 785 2 [J].
FARE Tk, 2019, 39(1): 131-137.

ZHANG Yong. A price-system network of natural gas production,
supply, storage, sales in China: Present status, problems and
proposals[J]. Natural Gas Industry, 2019, 39(1): 131-137.

(47 M08, BU0L, BHORK, 45 . URA A R R AR AU R HTL AR et iy 1
2 (7). RARS T, 2020, 40(5): 134-141.

ZHOU Juan, WEI Wei, HU Aolin, et al. On deepening the reform
of China's natural gas price mechanism[J]. Natural Gas Industry,
2020, 40(5): 134-141.

[5] BfR . BLSE 5 Abs A v B R AR U A% T 3 AL i (0],
SRR T, 2020, 40(5): 117-125.

BAI Jun. Reconstructing China's natural gas price marketization
reform based on competition[J]. Natural Gas Industry, 2020,
40(5): 117-125.

[6] 754, &0igaE, J577 . P B F AR 3 B S e L] [J].
KIREHEAREZTF, 2021, 15(4): 57-62.

SU Qian, JI Haiyan, WAN Fang. Price management and pricing
mechanism for China's offshore natural gas[J]. Natural Gas
Technology, 2021, 15(4): 57-62.

[7 1A%, N8, 2B . b B R AR SUANRS T I A et S 23 7 ().
E B4 25 | 2019, 27(9): 17-24.

FU Juntao, LI Peng, LI Wei. Analysis on the progress of natural
gas price marketization reform in China[J]. International
Petroleum Economics, 2019, 27(9): 17-24.

(8] FA, &5, XUpiss . W RIR A 7K 2 JI0H9E D]
MARAE AL, 2022, 30(7): 20-25.

YAN Han, JIN Naijing, LIU Binghe. Research on natural gas
price bearing capacity in China[J]. Petroleum & Petrochemical
Today, 2022, 30(7): 20-25.

[91 24k, SLAMS . 25T () 3 AR (1 R AR A% T30 (1. vt
S 5HEEIR L 2023, 35(1): 61-66.

LI Mengyi, KONG Yinghao. Prediction of natural gas price based
on time series model[J]. Petroleum and New Energy, 2023, 35(1):
61-66.

[10] ALAM M S, MURSHED M, MANIGANDAN P, et al.
Forecasting oil, coal, and natural gas prices in the pre-and post-
COVID scenarios: Contextual evidence from India using time
series forecasting tools[J]. Resources Policy, 2023, 81: 103342.

[11] 285, FoeE, T, 25 . JET/NBA HT IR R IR0 ks S50 ).
WS 5T, 2021, 41(6): 34-37.

JIANG Xin, QIAO Jia, WANG Xun, et al. Prediction of natural
gas price based on wavelet analysis[J]. Gas & Heat, 2021, 41(6):
34-37.

[12] s g, segd, jias, & AL KRR B A e shpL

IIMT R E R (1], RS LA 592, 2021, 41(12):
3366-3377.
SHI Huiting, CHAI Jian, LU Quanying, et al. Analysis on the
fluctuation mechanism of natural gas spot price in North America
and its volatility prediction[J]. Systems Engineering—Theory &
Practice, 2021, 41(12): 3366-3377.

[13] FZLEN , ZRff , Elanh , &5 TR R BAR B R R 3
PPV (], HEHLCRE S BT, 2020, 41(2): 557-561.
TIAN Hongli, LI Chengqun, YAN Huigiang, et al. Prediction of
oscillating sequence based on correlation coefficient and grey
model[J]. Computer Engineering and Design, 2020, 41(2): 557-561.

[14] WANG lianliang, LEI Changran, GUO Meiyu. Daily natural gas
price forecasting by a weighted hybrid data-driven model[J]. Journal
of Petroleum Science and Engineering, 2020, 192: 107240.

[15] OYEWOLA D O, AKINWUNMI S A, OMOTEHINWA T O.
Deep LSTM and LSTM-attention g-learning based reinforcement
learning in oil and gas sector prediction[J]. Knowledge-Based
Systems, 2024, 284: 111290.

[16] 3652, BRAE, EREIE , 5 . BET07 0 [ R R AR M e 3
?MJﬁ/ﬁ 1. THEHURL |, 2021, 48(S1): 235-239.

PEI Ying, LI Tianxiang, WANG Aoqing, et al. Prediction method
of international natural gas price trends based on news[J].
Computer Science, 2021, 48(S1): 235-239.

(7] EER , A LT HERIZIRH AR MR RIR M #0077 72
WEFE 7). RS, 2020, 29(2): 52-58.

WANG lJianliang, LEI Changran. Research on the forecasting
method for natural gas price based on the data mining
technique[J]. China Mining Magazine, 2020, 29(2): 52-58.

[18] WANG Jun, CAO Junxing, YUAN Shan, et al. Short-term
forecasting of natural gas prices by using a novel hybrid method
based on a combination of the CEEMDAN-SE- and the PSO-
ALS-optimized GRU network[J]. Energy, 2021, 233: 121082.

[19] CEPERIC E, ZIKOVIC S, CEPERIC V. Short-term forecasting
of natural gas prices using machine learning and feature selection
algorithms[J]. Energy, 2017, 140, Part 1: 893-900.

[20] B, BRGMR, RIS, & . 26T ook R 4 R BRI

BP P22 o4 2 1) 33 LIBT3 8] 20 A 500 (7. IR | 2024,
45(5): 2859-2870.
HU Zhirui, ZHAO Wanfu, SONG Yinxian, et al. Prediction
spatial distribution of soil organic matter based on improved
BP neural network with optimized sparrow search algorithm[J].
Environmental Science, 2024, 45(5): 2859-2870.

[21] 257, Mk, B30, & . R TR S — SCRp R H AT
RRBZE TN [J]. M /R T RER 27441, 2024, 45(10): 2001-2006.
JIANG Lichao, SHANG Xiaobing, JIN Bao, et al. Ship
trajectory prediction based on genetic algorithm—v support vector
regression[J]. Journal of Harbin Engineering University, 2024,
45(10): 2001-2006.

[22] XUvi R, TS, 2548, % . 5T EMD Al TLS-Prony [ 7]



178 - xR

T 2025 FE3F 45 &

R G AR A HER 7 15 R HL R S s ) SR [J]. KPR g A
2023, 44(11): 294-302.

LIU Ketian, HU Xinyu, LI Xiang, et al. Sub-synchronous
oscillation modal identification method based on EMD and TLS-
Prony algorithm and voltage feedback suppression strategy[J].
Acta Energiae Solaris Sinica, 2023, 44(11): 294-302.

[23] ke R, XTH, EWE . HT CEEMD—ELM—ARIMA FRA
AOTHETEMBERE TE (9. RAR TS A, 2021, 39(4): 129-136.
ZHANG Jinliang, LIU Ziyi, WANG Mingxue. Research on
natural gas price forecasting model based on CEEMD-ELM-
ARIMA[J]. Natural Gas and Oil, 2021, 39(4): 129-136.

[24] NIU Hongli, XU Kunliang, LIU Cheng. A decomposition-
ensemble model with regrouping method and attention-based
gated recurrent unit network for energy price prediction[J].
Energy, 2021, 231: 120941.

[25] LIN Yu, LU Qin, TAN Bin, et al. Forecasting energy prices using
a novel hybrid model with variational mode decomposition[J].
Energy, 2022, 246: 123366.

[26] #BEEIC , TR, AT, &5 . BT 00 N Sl ) E VR 5D
R SR AR [0]. 25 % TRER 244, 2023, 24(4): 1-7.
GUO Jilian, ZHANG Baoshan, ZHOU Zhangwen, et al. A fault
prediction model for rolling bearing based on double adaptive
sliding time window[J]. Journal of Air Force Engineering
University, 2023, 24(4): 1-7.

[27] SN H , SEXRK , W4 . 3 TR SIIN A& fBK T 2 1 4% 0 4R

BRI T (], PR ER | 2023, 31(1): 277-286.
FAN Liwei, DONG Huanhuan, JIAN Ling. A decomposition
ensemble model with sliding time window for forecasting carbon
market prices[J]. Chinese Journal of Management Science, 2023,
31(1): 277-286.

[28] QIN Quande, XIE Kangqiang, HE Huangda, et al. An effective
and robust decomposition-ensemble energy price forecasting
paradigm with local linear prediction[J]. Energy Economics,
2019, 83: 402-414.

[29] xHE , gk, £, & T H0DIR S IR AR E 12 45 EMD

F1 LS-SVM 53 [J]. tFSEALRLA | 2023, 43(S2): 256-260.
LIU Cong, QIAN Kun, JIAO Zhun, et al. Damage state
identification algorithm based on extreme value extension
empirical mode decomposition and least squares support vector
machine[J]. Computer Applications, 2023, 43(S2): 256-260.

[30] E30)I, ¥ B34, R, 55 . T CEEMDAN-VMD-BP %!

(1 ARG T 7T (1] FRAbRRIK R 5 24 ( B 9RFHS:
filk ), 2023, 44(1): 32-40.
WANG Wenchuan, DU Yujin, HE Ji, et al. Research on monthly
runoff prediction based on CEEMDAN-VMD-BP model[J].
Journal of North China University of Water Resources and
Electric Power (Natural Science Edition), 2023, 44(1): 32-40.

[31] LI Jinchao, WU Qiangian, TIAN Yu, et al. Monthly henry hub natural
gas spot prices forecasting using variational mode decomposition
and deep belief network[J]. Energy, 2021, 227: 120478.

[32] FU Wenlong, ZHANG Kai, WANG Kai, et al. A hybrid approach

for multi-step wind speed forecasting based on two-layer
decomposition, improved hybrid DE-HHO optimization and
KELM[J]. Renewable Energy, 2021, 164: 211-229.

[33] M Zi%E , ik, F#E, %5 . 2T TAOA—VMD—LSTM KI5
JIRAL T T [I]. AR FHAESAHK , 2023, 44(11): 239-246.
XIAO Liexi, ZHANG Yu, ZHOU Hui, et al. Ultra short trem
wind power prediction based on IAOA-VMD-LSTM[J]. Acta
Energiae Solaris Sinica, 2023, 44(11): 239-246.

[34] LI Ranran, SONG Xiao. A multi-scale model with feature
recognition for the use of energy futures price forecasting[J].
Expert Systems With Applications, 2023, 211: 118622.

[35] B Ak, & i, #5758 , 55 . CEEMDAN o H i N /N RIME

S ¥ GA-BP JXUFR & LML 5000 [J]. 7T 2R R R L 2024,
42(10): 1332-1340.
XIAO Cheng, CAO Wanpeng, CHU Yueqiang, et al. CEEMDAN
joint adaptive wavelet thresholding algorithm for GA-BP wind
turbine fault prediction[J]. Renewable Energy Resources, 2024,
42(10): 1332-1340.

[36] %25 , WRAKIT , ik , 2% . JET CEEMDAN 4 F) KU L I 2R 5
DT7E 1. BHEARoR BT, 2024(22): 89-92.

DONG Xin, CHEN Qiuyu, GAO Jun, et al. Wind power
prediction method based on CEEMDAN decomposition[J].
Scientific and Technological Innovation, 2024(22): 8§9-92.

[37) HESR4r, B, RIUEE, % . JE TR G 4 i Al PCG—BILSTM
R RGBSR TG [7]. KB RESAAR , 2024, 45(1): 159-170.

BI Guihong, HUANG Ze, ZHAO Sihong, et al. Short-term
prediction of wind speed based on hybrid decomposition and
PCG-BiLSTM[J]. Acta Energiae Solaris Sinica, 2024, 45(1): 159-170.

[38] T, (et . kT~ SSOdbRr AR Ak SRR BR 2 =T ML 41

T R AR BEIRZAS TN (0], 1R Ah IR, 2023, 42(5):
163-173.
DING Tong, FU Xiaojin. Improved particle swarm optimization
and an extreme learning machine are used to predict the health
state of lithium-ion batteries[J]. Foreign Electronic Measurement
Technology, 2023, 42(5): 163-173.

[39] ZHAN Linjie, TANG Zhenpeng. Natural gas price forecasting
by a new hybrid model combining quadratic decomposition
technology and LSTM model[J]. Mathematical Problems in
Engineering, 2022, 2022(1): 5488053.

[40] YANG Kailing, ZHANG Xi, LUO Haojia, et al. Predicting energy
prices based on a novel hybrid machine learning: Comprehensive
study of multi-step price forecasting[J]. Energy, 2024, 298: 131321.

[41] B s, E3E . EAL RAR BT A% A% AL [1]. R
A0k, 2019, 39(11): 117-125.

XIAO Jianzhong, WANG Xuan. The analysis of condction
mechanism of China's LNG spot price[J]. Natural Gas Industry,
2019, 39(11): 117-125.

B ERE D 2025-01-18 ZiE PR =)






