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An adaptive grey prediction model driven by fractional-order
polynomial and its application in carbon emission forecasting
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Abstract: To address the fitting limitations of traditional grey models in handling complex non-linear exponential
sequences, this study proposes an adaptive grey prediction model driven by a fractional-order polynomial, abbreviated
as GMFP(1,1, N). A systematic framework is established, covering the model’s construction mechanism, parameter
estimation method, and time response function. Furthermore, the evolution of model properties under specific
parameter settings is analyzed to deepen theoretical understanding. To further enhance the performance, the linear
decreasing weight particle swarm optimization (LDW-PSO) algorithm is employed to optimize the model’s
hyperparameters. Experimental validation is conducted using China’s carbon emission data prediction, demonstrating
that the GMFP(1,1, N) model achieves superior accuracy and stability in both fitting and forecasting stages
compared to the classical GM(1,1) model and other optimized variants. This verifies the effectiveness and
applicability of the proposed model in modeling complex carbon emission datasets characterized by nonlinearity and
uncertainty, providing a robust tool for high-precision forecasting in this specific domain with limited data samples.

Keywords: grey forecasting model; fractional-order polynomial; GMFP(1,1, N): carbon emission forecasting
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LR A Y S RRAE LA S TR A R AE 5 51 A
1.5 FREPAE R

ASCGEILTR 3 DAk T Sk 4 T A 96 A5 24 1Y)
S RVE S

1) 46%F 7 4 LR 2 (APE): T 2L A FEAR
S AR 5 B SR A R X s 2 (B4R 22 o LS 1)
LA, HfE /)N, AR AL BRI LS

2) “FRIL X H 7tk ZE (MAPE): X APE B
PIME, 15 BT R FA FO T A T 5% 22 7K~

3) ¥ RIEZE (RMSE): A RE 5 H S iR
ZEWP I A R O, Fe A S IR as s — 2, B
XF TR ZE (B HEE) T8 BUR, REA% BT B Hb & A
i s 2 0 TS BV B R 52

# 2 9 MAPE IR FE R 0 bt (i 22 Y D0 B
MRS RPN S5 20, 1E— DR ] MAPE 7E VP At A ) %
PRAFT 1R 227K I I 2 AR . 3 AN VP Ak o DU g B Ak
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APE = ‘ ) ] % 100%,
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MAPE — 1
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RMSE = J LS @) - 20k
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BRFARAL S R H BRI E] R B, AR
SRR G ARVE N T3 T AR AR A 22
fite, TR 5 K R KIAT JE I IMAAE. mbkae RS 5
RFERE ML KR A, SRR &5 5
AR BCIE B 1R — A RE 5 AL A1 A= = 78, ™ 2
5 S SRCHE R FAR [RIR . 76T 50T, O FoacHE
TRCEHE 1 5 AR 94 B2 00 H B IR ANV BEAE AR v 1R i1
AT IR HEE: J1, Bk 25 1 K 5 R T
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SEARR

AR F 1 2R B0 HE T30 SR 5 T R Y FEHE
R, it B E (2024 4F BP R BETE ST E
Y, EHL 2000 HE ~ 2023 4 E A AL IRHE R 2L
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1 24 2000 4 ~ 2023 4 51 [H S AR AEHER
BAE R L. B 1 AT AL 2000 £E ~ 2006 4 AL
TRAEHEBCR: 29003 K, M\ 33.28 AC MR 1Y
K& 66.6 140, FIIEKARIX 12.8%; 2006 4F ~ 2011
F 3 B 2R, HECER M 66.6 2K 2 87.94
2l 4E 2 KRR E 4.9%; 2016 4 ~ 2020 £
8], HEBUS B 91.73 {20l EFF 5 101.28 20, 15
KR YEFRTE 2.3% HIGE X [A]; 2021 4E 5, HEBCE
kST E 112,18 A4, 5 2020 FFHE K 10.9%, F*
B 12 B B AT SR A7 A5 8 21 10 HETBURRAE . B ARCR
2000 4F ~ 2023 48], H E A A iR RCE Rk
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—
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TRHFRCE/ (107 H 75 )
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Ehy
E1 2000 &£ ~ 2023 FhEIEHRZEETEIFS]

% H 2000 4 ~ 2018 4F (BB K AL L 5 S KE
80%) 1) HHs A AP0l 35040 AT A%, 1D A X0, R
T S AR5 A S TR0 A, G 3 A B TR AR 1 %k,
FIH LDW-PSO S i%#fi52 GMFP(1, 1, N) 8 245

(A, H o LDW-PSO HyEFEA S E IR Fhft
HBCA N = 20, i KIERIRECNmax T = 1000, ¢,

PRI f 3 7 FE BR B, SR Matlab 4 FE AT SR £ 45070 2
KU AR, AT 73 BIUAS B  P0L4 0 B AR R xd L, xof
JEL 46 B 23 ) 2 37 GM(1, 1) B 78 . GM(1, 1| sin) 1
ARV HIGMP (1, 1, N) B U 45 31 #5450 (1) i 1]
e ;41 B FLO SR B 7 81, BN R
1) GM(1, 1) Ry
V() = 109 616.39¢*°4°*=1 _ 106 288.39,
{9&<°>(k) =W (k) — 2V (k —1).
2) GM(1, 1| sin) 7Ny
2@ (k + 1) = 40 708.86e*°7 ™ — 30 543.24—

2064.20 sin(0.261 9k)+
540.62 cos(0.261 9k),

Ok +1) = 2Dk + 1) — 20 (k).
3) GMP(1, 1, 2) 8% %
#0 (k) = 5.79048 x 10% 002101 _
5.8024 x 10° +1.1945 x 107k~
11861.02k2,

FOk) = 2V (k) — 29 (k —1).
4) GMFP(1,1,2) %K

7 —0.1 1 k-1 _ B
2 (k) = 3139.8¢ 19761 10000 0.197 6k
10000
Z e0.19767if(7_i)7
i=0
f(r) = 14417 — 1664 3747,°°°*°+
1654 5937,0572,
=1+ k1 i,
10000
B0 (k) = 2V (k) — 2 (k - 1).

HRE LA 1 4 AN (1 e ) o ) 5, 6f ) 4
Atk AR TECR 7 20 R AT RSO TR0, 75 31 % 15 R 1 g
PRI 3 s, Hod: GMP(1, 1, N) B8 3 8
MO A S 8 T N = 0 ~ 455 L I
fH, 45628 ISR AR Z F8 A% (W0 MAPE) X% Lb AN [A]
N LA 2OR, IR 2 i/ Bz (e B i
NAERLIRSE. AEARZ G T, 4S50 56IFE GMP(1,
L, N)BEBI I IRAL N = 2, RERIIE S £ SRR (5 Lk
— (M, GMFP(1,1, N) M R AR N = 2/E N
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BB HAE W Np =0.2619F1, = 0.5946, v, =
0.597 3, X P M E AR RE - B 5 AR B S AR A (1)~ 33

SR Z R e RN 2 B, [FE, T Sesli EAt
#orsE, X (23) M = 10000.

R34 TERARHNE A FTUNELSR

L
P bR GM(1, 1) %8

GM(1, 1] sin) #E%

GMP(1,1,2) 5 CGMFP(1, 1,2) 8%

A APE/% AR APE/% A APE/% TR APE/%
2000 3328.0 3328.0 0.00 3328.0 0.00 3328.0 0.00 3328.0 0.00
2001 3489.7 4987.3 4291 3048.1 12.66 3246.1 6.98 3491.8 0.06
2002 3809.3 5214.2 36.88 3810.5 0.03 4003.4 5.09 3809.0 0.01
2003 4494.1 5451.4 21.3 4583.0 1.98 4710.3 4.81 4535.7 0.93
2004 5317.2 5699.4 7.19 5335.0 0.34 5367.1 0.94 5286.5 0.58
2005 6079.3 5958.8 1.98 6039.3 0.66 5973.6 1.74 5977.2 1.68
2006 6660.0 6229.9 6.46 6673.9 0.21 6530.2 1.95 6588.5 1.07
2007 7217.1 6513.3 9.75 7223.5 0.09 7036.9 2.50 7119.9 1.35
2008 7356.6 6809.6 7.43 7681.3 441 7493.7 1.86 7576.7 2.99
2009 7685.0 7119.5 7.36 8049.0 4.74 7900.8 2.81 7965.8 3.65
2010 8121.7 7443.4 8.35 8337.1 2.65 8258.4 1.68 8294.6 2.13
2011 8793.5 7782.0 11.50 8564.6 2.60 8566.4 2.58 8569.6 2.55
2012 8977.6 8136.1 9.37 8757.9 2.45 8825.0 1.70 8796.9 2.01
2013 9214.1 8506.3 7.68 8949.0 2.88 9034.3 1.95 8982.0 2.52
2014 9235.5 8893.3 3.71 9173.8 0.67 9194.3 0.45 9129.8 1.14
2015 9172.9 9297.9 1.36 9469.9 3.24 9305.3 1.44 9244.6 0.78
2016 9027.1 9720.9 7.69 9874.6 9.39 9367.3 3.77 9330.2 3.36
2017 9274.3 10163.2 9.58 10422.2 12.38 9380.4 1.14 9389.9 1.25
2018 9612.0 10625.6 10.55 11142.7 15.93 9344.6 2.78 9426.8 1.93
MAPE/% 11.73 4.29 2.57 2.45

RMSE 785.29 519.69 180.02 158.50
2019 9923.8 11109.1 11.94 12059.6 21.52 9260.2 6.69 9543.6 3.83
2020 10128.4 11614.5 14.67 13189.0 30.22 9127.2 9.89 9624.5 4.98
2021 10543.8 121429 15.17 14539.0 37.89 8945.7 15.16 9765.3 7.38
2022 10576.3 12695.4 20.04 16109.8 52.32 8715.7 17.59 9887.8 6.51
2023 11218.4 13273.0 18.31 17894.0 59.51 8437.5 24.79 10123.4 9.76
MAPE/% 16.03 40.29 14.82 6.49

RMSE 1725.25 4584.19 1743.10 731.79
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ISR 4 AN TR 45 AT A GMP(1, 1,
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TR Z2 3R HITE 10% LApY, SRS SEIL T ks B 1Y
HHATION. 5340, B3R 3 AT, iR AR AR LA B B
SEAE PRI B, 4 MR AYTE MAPE. RMSE AN PEAl
#HEN T, GMFP(1, 1, 2) B A1 (1) st A v R 3 HE AL 56 1,
LK T i B 40L& Hh 22 5 SR e e oo i,
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