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Abstract

This article focuses on the research of agricultural production materials input capacity and carbon
emissions, using Shandong Province as a case study to predict and analyze the carbon emission levels
in the region. Firstly, a gray time series prediction model for carbon emissions was established, and
two parameters of the model—gray influence amount and development coefficient—were optimized
using the Particle Swarm Optimization (PSO) algorithm. Subsequently, the Autoregressive Integrated
Moving Average (ARIMA) algorithm was employed to analyze the residuals of the prediction model,
followed by parameter optimization of the ARIMA model through grid search method. Finally, the re-
sidual predictions from the ARIMA model were used to compensate for the gray prediction model.
This article innovatively proposes a composite model of Gray Theory and Autoregressive Moving Av-
erage (GM-ARIMA), aiming to fully leverage the unique advantages of gray theory in handling uncer-
tainty and incomplete information, while integrating the powerful predictive capability of the ARIMA
model in time series analysis to eliminate model residuals, thereby providing a reliable foundational
model for predicting agricultural carbon emissions.
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PRMVAE N KBRS, o5 B A ABRHERCR T 23% [1]. RN E, o E R a2
o 4 L 2 SRS R 16% % 17% [2]. AV BIHEBCE 2 A A g SR AR . R 2. Rk &
FoAb A F=AORHTEARE . B FER B, A AT e HE AN U A2 SRS ) P R 2 S = AR TR 5, L
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TS B R M BAER, BRIRAE AT Hfh A = B R g G Bk, FRaifk SRR B A
FORVPA ARG 7T RE 2 (Al AR AR P 0 PR 1) FL S5m0 o BEAE B T IRIRON RO B R 1) 5 v 3B 763
G EEIRIE4]. AV FERE S N TSGR RS [6] IR 7T, JETIRAE. &2, K
SR, AL BRI R 7S A B

ARICAE LA B FUEEA b, SRR AR PR B I e O VERRHEG R G Aol A 7 i Bl R BiHE
AL AR, 4588 AL S 5 & WA (GM-ARIMA), X} 2000 £E~2021 £E 8] 844 1 A b B HE
AT RN S o @0 E A 31 AN T B AT LU S5 1P, R AE “ DY ],
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M PRI A B RO A D AL B HE U -
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2.2.1. TN IEFRAVIEEY

AW AP EER VTN PR WA P ARHRBNRE T Juit, A FH AN P T AR A7 T e B
TARRIPE SRR, MO A ER PR R R QR . Horh, AEREDEIER TN “ 1B, 1R
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Table 1. Agricultural production factor indicators
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T B8 T FabrAU R, RGEHIVT AL 5 TN 7 SR SBE R () Bir BR AR A A RS, S Bt A P B R 2 VPN 4R b
(9 HE PP A 25 F 7 o
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X, d, FoREEMIUREZESE. BRBGETHE RS RIT, W& 2.

Table 2. The weights of each indicator calculated by entropy weight method
2. MUK ETS R ERIE

HHE B ST R PR BTN
& 0.153257 0.158005 0.198704 0.168663 0.144699 0.176673
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Table 3. Coupling degree analysis table of Shandong Province from 2000 to 2021
3. LA A 2000 £~2021 ERBEE SR

R0 s aes  POE #0 oBRe  anpaa  MAE
2000 0.458 0.346 0.909 2011 0.389 0.832 0.984
2001 0.561 0.458 0.951 2012 0.457 0.806 0.984
2002 0.354 0.64 0.963 2013 0.422 0.769 0.981
2003 0.193 0.704 0.961 2014 0.444 0.702 0.976
2004 0.006 0.704 0.944 2015 0.494 0.656 0.974
2005 0.104 0.821 0.97 2016 0.876 0.615 0.985
2006 0.144 0.967 0.985 2017 0.77 0.513 0.973
2007 0.138 0.965 0.984 2018 0.788 0.376 0.956
2008 0.189 0.868 0.979 2019 0.709 0.236 0.914
2009 0.237 0.816 0.977 2020 0.696 0.143 0.877
2010 0.323 0.85 0.983 2021 0.742 0.073 0.855
Table 4. Coupling type classification standard table
4. BEE LR DIRER
D B yit| D R
0.900 < D <1.000 PRI i 0.400 < D <0.500 Wil B
0.800 < D <0.900 SRaavINT 0.300 < D <0.400 B
0.700 < D <0.800 2 i 0.200 < D <0.300 A
0.600 < D <0.700 WILK A 0.100 < D <0.200 R
0.500 < D <0.600 UGSl 0.000 < D <0.100 W 2R
2.3. RHEEENE

TR MY BRI AR OGRSt . ARTIES AR 2. AR, WEME. BB 2L BB HETBOR AR
HT 3R FH R A AR AR S8R S S HE I 7 Bl R DR SRR e PR T AR IR A B R 2, W% 5.

Table 5. Main carbon emission sources and carbon emission coefficients of the planting industry

= 5. Al F ERRHER R HER

S8 0.59 kg/kg IPCC2013 [9]

e 0.89 kg/kg 5 [E RIS [ K S5 == [ 10]

K 4.93 kg/kg 5 [E RIS [ R S5 == [ 10]

A 5.18 kg/kg R RO K 2 R R 5 2 AR LT[ 11]
L 266.48 kg/hm? B AF A 12]

HbE 312.60 kg/km? ZEAE13]

ARG E BUR ) AU R T2 2 (IPCO) R 1 R30%, 1HE AW T :
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T REOEFAOAHR R . % 6 I NI R AL 7 ATt B HE O R 2

Table 6. Carbon emissions of various factors in Shandong Province from 2000 to 2021 (10,000 tons)

52 6. LUZRA 2000 £~2021 F£& FZHRERHEE (T M)

C, 3R eR | FRRIR TR HECR ;s T 8RR 50 i BRI 6 R

Fhr Gal T St S EH R

2000 376.6480 116.6122 92.6890 69.1684 3.4846 128.5729
2001 381.4540 133.4943 95.2850 71.4850 3.5218 128.8724
2002 386.1710 151.3467 99.7690 80.7233 3.4535 127.8422
2020 339.0010 137.6114 74.5760 56.3553 3.4039 141.0639
2021 330.1900 134.5132 72.0980 53.3574 3.4225 141.0639
MF 6 TR, A MEBRHE 2 DA IERR R ok, RO HERL. BORREARSE . (8 FIRIB (1 4

U5 LA b
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Figure 1. Agricultural carbon emissions time series
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Figure 2. Annual trend chart of carbon emissions calculated by production materials
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Figure 3. Diagram of the prediction algorithm principle
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B GM (1, 1), CASZEUH AR HE B 25 A T o

5.3. {EBRIS

TEXTIRHEBCRAEA AR AT GM (1, DB NS, KRBT 0.5 FIEURE &t ik 89.47%, LI 4.

—LERRH, KEZHORHBCE SR E PR AAKCE L, U AR SO AR LS, PR T
GM (1, DB A3V, [FRS, 72RO EE I R r, FRATIER B AR BUA 25 6 KT,
Fr 118 R 25 J Bk 22 DA FEABRMRE /N, W 4. XI5 EW, R BES 20T i iz R E B R U
B, SVRMR SR B IR T R IR T . B AR, R ESA A RO R T R R BB
M, {13 GM (1, DB TN RE )15 2 1 — P10 .

P T RRHE R 7] 51 RO AR PRk, K 6 TS Rk DA 200 22 T Bk, R A RS R 1B IE ) ARIMA
R K (B [ e 22 AT TN, LK 8.

Table 8. BIC Values from grid search
= 8. M1%IEER BIC (&

1 0 1 2 3 4 5
p —
0 212.2008 227.3911 236.1820 242.4822 247.3704 247.8580
1 229.1237 226.6218 240.6482 243.5876 247.2949 250.0321
2 254.4298 232.8678 231.7138 229.5962 232.2626 235.4297
3 259.4724 232.4877 234.8530 228.7861 233.0771 226.3210
4 266.0776 230.7611 225.9684 229.0294 228.1017 227.9684
5 267.2865 233.7641 225.8896 228.0892 238.8277 231.8677
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Figure 4. Fitness Curve of Carbon Emissions (a) and Smoothness Curve of the Carbon Emission Sequence (b)

4. BRHERCE RIS LR A 2 [ (a) MR HERUF 51 7 78 B B2 (b)

HRE K AT PR ZE I (B PP 81, HEAT ARIMA THE, WiEZ BN d =1, R4 B AP J7 Z(ACF) AN

T W5 2 (PACF) /0T . 7€ BIC N 226.321, p=5, q=3 MNIHiEHEEA ) ARIMA (5, 1,3).

LEEEN S p N S, BTN g N 3 B, PACFE Fl ACF f 95%iii i A1 REUSA T B A X
[N . S5, R I I P e . AR A R R R B B I B AR OGE,  MTT A 7R
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ORI 1 2 A (I 1) SR AL
N TR DA R AR ZE TN T T (0 RE /T, RHA Ljung-Box fi4%, WLF# 9.

Table 9. Model statistical data
9. HERGIH IR

. R T Gt Ljun-Box statistic o
1A : . 2R
Fia R? R BIC giit DF wEE
ARIMA 0.565284 0.890071 226.321 14.08341 10 0.169221 0

IR ZE P A RN AT, KBS IEE R p 8 0.16, B2 & T8 KR EMKT 0.05. X—
ZEIRARW, T DA AZ IR N A e I B s, HE b B AR A M - AT, Lijung-Box FadR ) R* D4 0.89,
ORI RIS R, RIS e A MR BRI A R . ARIMA (5, 1, 3)BER xR HER = ik
AR RS ECR, WK 5.
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Figure 5. ARIMA prediction residual plot
5. ARIMA TG ZE

458 ARIMA IR TR e & RO & 18], DL 6. T IASXI B Z TS, 2T ARIMA J7ikRetR
P B Z I REARBR BT A RO, SO R O BIIRE R, JCHR P AE ], A E LS T
TR o AR AUl 5 FEIA B 85.2%, IRZETEILENE DY 0.52, Uil] GM-ARIMA A5 7R £ fije HETiSCE=: (1) Tl
AE+ R

5.4. SEWERIEE O

N T ULBEET GM-ARIMA BRI 6] /5 41 8 RETR A TN SR R 35, 20 AR [R) AR ARE A0 73
DIFEARIZAETR, 2R Bl ARIMA W 30°F3 E AR, Saii K G GM (1, DELAL, SZFF
FEAL(SVM). HZ M2 (BP)ZHA TR HRES, 3G R al W 7. & 8 frur.

B 7(a) AT 51, ARG ARIMA B A2 7 51 B RIF A RE ), ARIMA A8 H BH A1
WIPFRIMALE, R A FEm AR BCE S b AR ZE TR, BT S R Se bR 2 R
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Figure 6. Fitting chart of the grey prediction model
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Figure 7. ARIMA prediction fitting plot (a) and GM (1, 1) prediction fitting plot (b)
& 7. ARIMA TS El(2)F1 GM (1, HFUMHELE E(b)
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Figure 8. SVM prediction fitting plot (a) and neural network prediction fitting plot (b)
8. SVM FUM$EL & [ (a) FNERLE M 25 TR A & (B (b)

BP #fZe 45 F T A0 B 2 AR R ), Tl 2 AN B IR U B R, T LA RO R A
(IR JZRFIE . BP #1428 W 28 Be i ai i 2% 2] Jy s 3ot A =X, SR AR SRS FE I T &5 2R (E0 T /INRE A 240
RS BT A IR . fERHEBCTN o, /3 BP #1448 B AR AF LA TE A S , (RS H A X GM-
ARIMA #R!, ULIE 8(b).

LS GM (1, DR TN GE 718 ARIMA AR 1 BRI, T8 S AR S5 25O A )
MR PE_E300T Sk ) ARIMA FI GM (1, DAL, TR SR Rty 7ok 2%, I HEm 1% ARk
Hemsota A p i g8 71, 780 FIH T RS . S T IR IE GM-ARIMA B 20, 51 AT
ST RSP 48R 2 MAPE, ¥ 5 HRI% 2 RMSE, B3 ERR F =R o R34 VR

M 10 B45 T AT LA Y, £ H Y MAPE. RMSE. F {f, GM-ARIMA {843 %4 12.305. 14.403.
85.20%IE THE4: 1 GM (1, 1)1 ARIMA R, X FFIE TS, 2020 4£5 2021 K SLhRE 5 52
752.01. 734.6, &S GM-ARIMA [ F0IME SE NG T SERRE, R ARSRAT IR I 1 4 K e

Table 10. Statistical data values
£ 10. S HEE

MAPE RMSE F 2020 FH 2021 Fl
GM-ARIMA 12.305 14.403 85.20% 755.49 745.66
GM (1, 1) 45.922 55.084 61.90% 857.91 855.72
ARIMA 14.345 16.852 81.20% 772.17 753.65
SVM 59.991 79.382 75% 820.99 782.04
BP #4M % 18.956 27.287 81.25% 770.28 758.85
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58NN 2 21535 SVM Al BP &M 2541k, SVM ) MAPE. RMSE. F fH4 59.991.
79.382. 75%; BP HHZMLE[K) Y 18.956. 27.287. 81.25%. M Mk ZHI5HME T GM-ARIMA FEA1,

5.5. BRHFE NS R

WRIEILAR S AL FA FEAE 2025 £ 4 2029 SN0 BRABTRMNESE, Wk 11, TERSEERRA
BRI A RS . BARTNEIEE R, LREBHERE M 2025 £/ 647.98 JiH R %2 2029
FH) 604.62 Jilli, RIS FRFEES, XFRFZEESLTERHEEBO T IS 7 55338, B8R
HY AR 4 0 B Y 5 2 A s HH i IR sz B 1K

Table 11. Forecast Table for Shandong, Hebei, and Henan (2025~2029)
F 11, kR, e, SATRS 2025~2029 TR

IR ikl TR
2025 647.98 804.74 535.61
2026 644.46 791.53 543.39
2027 635.88 779.39 552.88
2028 619.66 770.22 547.62
2029 604.62 761.76 534.12

AT, WAEEAE 2025 FERBRAICH 804.74 5, ) 2029 4E[E A 761.76 M, A — & 1) FF0E,
{EEE AR DR FE AR G208 o [RItk, (A6 MRS AIRHE /1, JUHRAE M HEBUAT Y, B R B AL
T4 S 1] 7 A8 PR HETSCR A 2025 4E 1) 535.61 J3 M sh 5 /Mg _ETF 4 534.12 J30, BEARAR IR AN K,
X R ZAATEFE T RRHEROT H [FIFEEUAS T — @ RSt it LR RO A REJR S5 # R B A AURR R

gr BRI, =ANEHERRHRBAE R T & AR R, (R RSO O B, R R N e 4L
Fibte, TR R A U 4R S R A R, RSN — P R RS . SR EARRII R T, HESKERE T
SIS SR PR RIOS W RN sk R H A DTk )

6. AEMREMAMNE
6.1. FAITAER

A ) GM-ARIMA 4 BRIR-& TG, AT AR ARIMA 1 GM (1, DB, KA T8 fe
PALANE BRIRZE 75, WG R TN AR M A BRI T . £ GM (1, IS EUE T, R T B
R AR M B A ) VR S B I T B AT B R T AT R A S R SR, mT AR A A 1) 7
DKERE . HX ARIMA T 22 (1) 248, it IS8 2= 75 e /M BIC, MM € ARIMA B2
Ko A SIURT TN S R ZE T R, AR HE SO TN 4 SR M SRR SERR I A SR, AT FR A
T B AR R HE I A RO AR
6.2. NRA#E

AR SR 3 P T ASE B A U 38 1 o) 7 A A B AV B SRRt T U S A SRR, T AR AR
b S (0 R RN S AT RR R R B 5 T R FEE EEAEH . B T ARk B HE R ) v] RE R, AT DL kg
AESCHEAE RBUR » a0, $& B A H AR MU S i > mric R A . PRAGAS [F) 28 T o 1
N BERE A B A R AR IR, AR A AN LR, $R TR AR RTE 2, ik
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