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Abstract
This paper, the GM(1,1), GM(2,1) and GM(1,1) Deng Jurong gray prediction models are used to fit
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the CO; emissions in Fujian Province from 1995 to 2019 to analyze the growth trend of CO; emis-
sions data in Fujian Province before China proposes to reach the carbon peak in 2030, and the dif-
ferences and consistency between the three gray prediction models are empirically analyzed, and
it is concluded that the GM(2,1) and GM(1,1) Deng Jurong models are consistent and can be used,
and the prediction results of CO; emissions show that the carbon emissions in Fujian Province will
show an accelerated upward trend from 2019 to 2030. This paper also uses this to propose some
initiatives for China to reach the carbon neutrality target in 2060.
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1. 518

FEREE AT IR R, RS EIZETR IR X FEHR EE, X ERE & A FHESR
AT R, T T RIAELRA 5 AP KRR [1]. AR R4 NER I, HEEH GDP
SEFAHLARRE, EIMARATUEMEY. EInFEme b, RERBEE. Beh M5 N T BUT TAE
i, JAKAE 2030 A, RXREE —LEBEE. BREFBGE bR A AT BE 7 2T SRR A AR T
s AR ZEGF K ENAS BE UM EE REIRIE FER B B [2] 0 XT3 ZOBUR R BE, AR A 5O th 2 18 1
B RS HAR55 77 A NS, AT NESE R RENBEREHAA 2, XAEBURF T
PE B PR SEBLORAE, ESN NBAEAE R R TR S ARG BESLH “RRikIgE” A1 “Rrepn” g HEAR, X
RIS R R NS IE L AR, AT S S A N A BORM R HI B3] 9 T AP — A1, W]
FRESCSRORT A N f1 F R  ( SEL B, ASCRIAT T GMI(1,1), GM(2,1) Rt GM(L, 1) X SRE AR 0 4 i 4 ARk -
TR BCREAT T 4], A5 AR A BOR AR IS O N IRHE RIS K &S, DUEBA T
SEPLPE RSO R H AR, RIEBUF A RIS EAT M E 2155 7.

2. [REN4B
2.1. GM(1,1) BV TR i B hl

K F G (Grey System Model, GM),  SEFr_E I I £ 2 sUrh TR SR BUE IR . GM(1,1)
FE WL SAR Y e [ iy f5 5] . 10 A P Y TRl B (R[], JLIEBE R AR B0 RS, AT AS 005 R A A AT A
FEIX B BAVBBA — DR x(t), HAZART IR t R, EWAL B o R IR

() o
?Jrax(t) =b 1)
TEARUANZIXE, 2% a S b RWANE RE, HIERKSTHENEENRE, 7
WA LIS g R
dx(t) ~
it +ax(t)-b=0 2)
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WRBMMBBESE C NEREFEE, AR HBUEERE, A, 1265 772 IR OB F) N -
X(0)= b+e*

a
SRRV X (1) B A, WSk, FEt=0m, MEMNX(0), A, 45 ¥R N
X(0) th 75 S A A3 Ty R A

©)

dx(t) ~
-ji—+au0_b 4
R, S CimLxiA:
e =ax(0)-b 5)
RN TR B, Wi -
X(t) :%+(x(0)—gjea‘ (6)

ZR B B A TR UL, BT TS5 a M b MARHIEIR R, TS% a A1 b R, H
FEIEFAEI A G, B, SRR REER ., BT RE—MEEX(t), B2, B
LAt GM(L,1).

TESHED T, ATV T RMMYMER IR, SENSERBRNEa b A —EMEm. N T
USR8 5 A fid, PIMEMEIENLEEC N &E. 5 GMQR,DMLEE, BT GMQ, )R X H a, b A R EL
WSl BB, LA B 15 2 U a, b I{E[6].

2.2. GM(2,1)i5 &5

[l GM(L,1) AT, BAMKRERALE x(t) &K TR E t 1 o 7 REIE, UTE B i

T, TE LA A
d?x(t)
dt?

BT, RS AR, B R RS L R

(—a—m)t [76*@)‘
x(t)=Ce 2 +C,e 2 (8)

(),
+aT+bx(t)_0 (7

N T G AE python AP UG HgE AT g AR THE,  3RATAT A Zod@ i ok R =T MRBE I #ifk, (645
x(t)=Ce™ +C,e (9)

RS A B DT, W RARE, AFAER AR

m=_2"V& =% “;2 —4b (10)

Ko —a+\/:2 —4b (1)

c.- x(O)kek —mx(l) (12)
ek —e
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x(1)-x(0)e"

C,= e;—em (13)
AT DAVE B B s RNEAEE S Cy, Cpy BRI E FRATYT DL i MM S5 R SR R, 4
t=0,1M:
X (0)=C, +C, (14)
X (1)=Ce" +C,e (15)
X% W T JT R AR R SR RO 2, A
dxd_(t) =C,me™ +C,ke" (16)
2
d d)igt) — ClmZemt + Cszekt (17)
2 2
m2+am+b:(m+gj _ash (18)
2 4
2 2
k2+ak+b=[k+§) _as (19)
2 4

FTbL, ARZE 5 SRUEMY HRERIR R NT . BT RE MR X(t), HEMA TN, Arilid
N GM(2,1).
2.3. GM(L.1) PR = RITR i KAk

ARG GM(1,1)Z 40T Lo it — AN AR B SR A ) 7 SR A 1t
& x(t) RGBT X© A EfFs1, AARR:

XO =X, X0} (023X 20;i=02,2,-,n-1] (20)
s ET sl X O R X O ik RS, AA TR
Xm:{xyw”ng(nZ&XPZXﬂj:QLme—Q (21)
XP =X+ x4 x P e xO =30 x| (22)
xW=x®4x© (23)
X =x (24)
BB BT 2 AN ER
29 ={z{",,20} (n1>8i=012,,n-1) (25)
20 =X+ x1) @9)
Mo, KTFHFHXO () BB TR R AR, SRR R R — B iy 77 R g
T
®
dx dt(t) +ax® (t)=b @7)
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HBH(a, b) R, AN T A T BUFA XY, (k =1,2,-+,n—1) 19 GM(L L)% {2 4 Bt i

(ERN AR
X9 +azl =b,(k =1,2,---,n-1) (28)
HZH(a, b) AT LIRS e/ —RiE R A 1T
éz[ZJ:(BTB)lBTyN (29)
zM 1 X%
B=| LYy =| (30)
-z0 1 X
FIRLTF S s 782, B BUT A1 XOR A THE R T eh i R 2E e
XP:(XP—E}e””+§ (31)
XO X0 _xa (32)

BN AR AR — DR BANDIERE(I1=12,--,N), B4, KOENHHGA N), HT
ANAHEFBOVE 4, KEAHTE,

3. BEHIETIERER
3.1. BRIk

FRASSCUF SR FH 21 1 — B A B HE O S B 35108 B i E AR 2B St R A 1) (RS L)
(1995~2020), PiHEHHEMWFE 1w,

Table 1. Carbon dioxide emissions data of Fujian Province over the years
= 1. REE WA EHR R

EA TRHEBCE (/7 ) A TR HEIRCE (/7 )
1997 4420.00 2010 19,940.00
1998 4660.00 2011 23,690.00
1999 6020.00 2012 23,220.00
2000 5640.00 2013 22,940.00
2001 5640.00 2014 24,340.00
2002 6730.00 2015 23,040.50
2003 8280.00 2016 21,340.00
2004 10,020.00 2017 23,038.00
2005 12,390.00 2018 24,060.00
2006 13,540.00 2019 244,130.00
2007 16,130.00
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32. 2B GM(L1), GM(21)5 GM(L 1) PREMELHR

BATTEAREAEE 23 5177 N LA Python NEEA 257 GM(1,1). GM(1,1) X85 J6 15 GM(1, 1) R4 dh gk A7 [m] 19
AT ST, fEXE, BATEARR SCEHTFHZEWN R ZARES 2030 FHHiriA R S = A ik 1 HE
JiE, DR TR K L T AR R T S5 CA 2030 4, N T B IRAFAEIRZE, RO SAEE 2031
B, 13300 B S EE A TR SRR LSS R 2 5 1-3 W R

Table 2. Model data fitting effect
2. REBIEIAHR

PRI EBOR
IRz a b R? R AdjR? SER RMSE
GM(1,1) 81,574.25 123,636.49 0.071 0.026 0.031 0.780 0.748
GM(2,1) 40.8921 -3.2576 0.990 0.992 0.990 0.359 0.344
GM(L )M E -0.0630 0.6616 0.839 0.916 0.832 0.324 0.311

RRREX SRR AR IR, R DUE O O =R AL (1 R 4(R-Squared) T GM(1,1)4k
¥ T4 083, #H GM(2,1)5 GM(L 1) MR e AR FEE 4, WA FEIES . Hrh GM(2,1)FIAH ¢
FEmm, 1A% 7 0.990; SUFEE GM(L)FIAHR R E A A 0.071, /AT 0.1, R EEAMER, H
PEASE T P AR 2 AL G R L L A il 2R A R R B BT AU B IX A, RIS A
GM(L,1)HEBR 25 FE o T 4 W5 Feh 455 700 1 18 77 AR 4% 25 (RMSE) i i {8 9 0.359,  AH T A3 il Dy A (& v
python 25 (1 B A ACIE) ) — S A e FE U B R 1, SR Rl 5 PO PR R 22 2 b T — A T 32 11 IX 1)
JaE N, MBS GM(L )R B ARESRML T GM(2,1). I HAE GM(2,1)5 GM(1,1) X K i fH
MW ELREY, CENSHETEUMBIES R, FibE 288 5 @A 0 = S E &
HYEAEE G, WEE S IX BRI, WEBCERmE 2, K 3 fin, WEHRTUUEH, dhZafkg b
THI, AR R Ze et 2P @ig in s, WK 10 4 A I HRBCRE & 23— Fh ik b
TS, X LU G4 T SR ik SRR I I HESUE, & AT R HE R 238 A5 3 0 0 TR0 55

EIX BEE FEAA U — i, RMSE RS ITIRBCERR baE 2, HAESET MSE T, &+
S FH i 3 SR PPAl T4 BT L B ASE B A AE (AR 22 K/, S8 I B AT 1 7 mT DA 455 22 1) B 67 25
FRATT BT R FH 505 B8 R AR — X[ 7]

GM(L, L)X Bz A= (E 1):

X( ): 81574.25 +(X(0)— 81574.25 je—81574.25t (33)
123636.49 123636.49
GM(2,2) % BE 1) A (1% HLEUAE A R-Squared s i HIE) (4 2):
x(t) = 0.0005e 97 1.0.4535¢%"* (34)
GM(1,1)XB Xt B g 2 (] 3):
20 _ ( <O, 0.66169Je_a(i_1) ~ 0.66169 (35)
' ' 0.0630 0.0630
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Figure 1. Fitting graph of GM(1,1)
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Figure 2. Fitting graph of GM(2,1)
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Figure 3. Fitting graph of GM(1,1) Deng Jurong
E 3. GM(1L, ) PR EMUEE

4. Z5ig

FEXF =R 5T LR, B BT BLE S GM(2,1)5 GM(L, L)X T (Ul & e 35 A0 2 200,
BOE A FEA S T 2222 UG HL L — 8. &k I GM(2,1)1) R-Squared bt GM(L,1) X85 Je /N B [T B
H RMSE I GM(L )RR, (HE 3 FHMEZEEAKR, Ui GM(Q2,1) T GM(L, )X R LI &3 A1H
ST AR 24 — EALRRHECE TR . T GM(L 1) R ZXS LRl — &M S W K, HIlESMHIER
72, Ut GM(L, 1) K (5 S AL AE L R I TSR T 3% GM(2,1) 5 GM(L, 1) MR e, AN TLLRA. 47
AR, GM(2,1)5 GM(L, 1) X8 F e A R REX FME A K 2 R F0I #8 A 47 R R s, SR B il 2 S AR X
—5, AT DR R AR 48 AE 2030 AERRIR IR SRR HECE .

B X anqrT 7E 2030 421 2060 4 1) 30 4 (8], A ] 75 bb Gy [ 52 B PR e B Ak B R, FRATTHARH T
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JUREW S B, NORIAa MRl T, RIHEZ a2 WO, KB AEK

ST ORI IR S B S8 2 KR — S B A TH RESR MO s LR, s bR Je i i - S A
TR, FRATTAT LR A B SR S 0T BE R B e R B, ) S B g ey — SR A S R i, RT A
FELE LI LR HAR ML B R ABEAT 4 %, KRB 515 B R & . &5, B o i RiE
KT BRRBE AT LRI FE L BRI AL 5 S B, Z38 U] 7 3RAT AT DRI — S ECE TR 51578 5)
PR AR ] S A BR O HERG AR 2 SN B bR, SR D A S A

BB

U TTE K it 2 B R B2 I AR SRR B0 T, DURETTEZR 2 2020 ZH 1
BB

E&WmE

AWAER T EITER 20 “ = TURE: Python %84 4047 W1 H FCK(E ) BHE B A
PR 2 & (505
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