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Abstract

This article, by reviewing and organizing carbon emission-related data, and based on existing re-
search, utilizes the SuperMap spatial interpolation method to create spatial distribution maps and
mathematical statistical analysis of carbon dioxide emissions in the spring, summer, autumn, and
winter of 31 provinces and cities in China in 2020. It explores the trend of carbon emissions over
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the past decade and the relationship between carbon emissions and seasonal changes in 2020, It
has been found that there are significant regional differences in carbon dioxide emissions among
various provinces and cities in China. The eastern coastal region ranks among the top in carbon
dioxide emissions throughout the year. Additionally, the overall trend over time is gradually in-
creasing from 2011 to 2019, with some provinces and cities experiencing a significant decrease in
carbon dioxide emissions from 2019 to 2020. Finally, a grey prediction model was established
based on this, and it was found that the overall carbon dioxide emissions in China have decreased
over the past five years after 2020, but all slightly higher than the results of 2020.

Keywords

Carbon Emissions, Spatial Distribution, Time Series Prediction

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. AIRB=E

AR, nAa] NS A AR B 8 Lo BRI S . S PR 3id T 2020 4 9 H 22 HAESE L+ HE
B EoR 2 Bt A s E At E 0" Bbr, B S8 AGBRABUI 4T 2023 FERTIA B, 45774+ HL
2060 F Fif SEPLA AL o 7 HP [ 28 s A JR 14D )BT T s 5 A A K T — SR ARk HE e g o B TR A
AT R P SR UL, AT SR B AR AR I BN A R A D, B AT R B AR AR PR AR i A, X
X ATV TN A R AR A . 3 80N RS R A Z BRI LE K. ik, ARSCE %
REFF R E 31 4 SRS, 20T 2020 4 S BRHECEZ 1AL 3 DL 7 o E 31
B AR R S A A, X 2011 4E~2020 410 AESR I A A B HE U kAT 43 A DA Bk
2021~2025 FRHEBCE AT T .

2. WAREIR

AR, N APEE OO BR P I 2 A AR SR AN S A 8 7 K ERIT T U el 3 A A
BT, WA R BRI S X S AR R AL LSRR R 2R A . D RS AR
R FT A E COp HERU A3 18] 73 SFRRFAE AN SRS 7 IR 1] o X35 RESE AT 1 rp ) \OK X S
DX R AR RHE B AR 1 52 DX HE O A F B R [2] o AR5 5 5% N A I 28 ROBEAE SR B HE 3 A
AR IERHR S RE, T A DA R R A R iR S RO R T A
TE R AN\ ZE R AT Fe B K S B A [3]. FHARAE, SR B NI it 70 R I 2 () 4%
KAT WA NAEA, 2000 45 K 2005 SERRARCEIL “PUIRARE 7 “Abmm R AR S AAFAE, 1 2010 4
Je 2017 SFERRHBOZET EIATET IR A 8 20 SRRFAL, =B HES X A AR L PR e s FOE R 4]. 2t
W MR REERTFE 1 v [ CO, HERU) 2 18] 73 SR A ANBR SN X5 A, Bt 17 v ) K X3S HE T
DX SR AR AR R o 25 L, RZHAE AR 1 I 2 RO EIR AR AR A 2 . A
Uty BAPEAEAE DT TR B, RO CR 5 P B R R SR 4 S E i, U SERA AT

3. MAEMREE
3.1 FIRIR
AL AR R £ HLIX 41 ) 31 M4 T A 2011 4F] 2020 4R LBRIOHFICR SR R, 30
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TR AR R R I 2 53 A e 2021~2025 AEBiHERCE: T BT AT
3.2. BIEFKIR

ASAELR BT W S BRIt _E, ARAE 31 ST A 2011 421 2020 4 — S BR (R R Bt k4T
T o S A B HE JBCE B KA Hh A [ e R RO A (http://www.stats.gov.cn/sjindsj) < A% S 08

(https://www.ceads.net.cn/)#& it .
33. MIRA®*E

3.3.1. XHRBIRE
it A 5 AR IR AT SR A B AR BORE SR SR, IR A B A AR SR SO FEELR, Nt 7T
SRR R NRAIREIREEREE, XA R 18 5 R AUAE SR 5 T AL A

3.3.2. BBtk

12 SPSSPRO i 31 /M4 T A 2011 4 31| 2020 4= S A0 Bk (1 HE TSR 1) Bt 45 Bk AT it 22 A 3 5 4y
BT o I LS AR 1B A b, T LUK AR 4R R A B H R TR N R) oA R H AR Ak ds, 1 3|
M GETHE AT AR N e PN TV I R TR

3.3.3. FEHHEX

23 TR A O 0 A m 0 X B HESRAT R i sy X B 10 7, P T AR 8 M) R A5k
SRECE SR, LG 23 18] P9 3R A AN HER Al i o 25 1) Y SARAI— i A PR A 2L 0 RE A o5 P A T ) — X
S F AT A B A R 79, AN 08 5 20 DX 31 50 o 4 SR FLAth X Sk Bt 1) o A o dr el
DLEHAG PR PR SRAE AU, A U8 BB A BB 0, AT 902 0T 9 X 38 P B 1 AR AR, (675 B )
KA RAMAN S B P 22 467 B BB S 0L, 1T EL AT DA e Bl DX 380 ¥ 2504407 [5] -

H A SuperMap 44l =FpidfE /7 ik, FH THIE0CE QI — /N R, 7l #E 5 & ERCEZ(1DW).
7L 5 S AR 7 (Krging) . 42 ) 3 o BOE A 1R (RBF) o 3% PRI RN 5 9253047 A, 38 B T s 80808 11 20
AR R . R IEE s, SRS RERIERE, AR, R Rk s
BRi&BL[6].
3.3.4. HiBkRHEK

B R EE R R S BN KR, (ESIRFAEA T F — 850, A AT U R EeE 1) —
bk TEMERIAT LG . BRI AR ER A 0N Fs

507N N je[LP]
Sy
CYY
yjz_irJ“JEHP]
y

*

Xi i

St By AR X Ay, LT,

3.3.5. Fm

(1) REFUMAER GM(L,1)

TR R G IRE U R TE A PRI BARFE A T e - 42 8 R R L B S, i v/ S8 s DL T
DD ) L T AR T B o IR AR A 5 AR AR 11 85K X IAE Tz 2 B K RN, R HL A
A H & 1[8].
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A SCAE SPSSPRO Hh st ] 81t o [ 31 45 117 2011~2020 45 [ B HE R B8 10047 4% EUAG 56 7 7 K (1
GM (1, 1) [ 5 41) oAy 45 1) PR R R AT Tt
B xO ()= (x<°> (t), X (t,),..., X (¢, )) , HIPEAt k=t k—t (k—1)#¢, k=2,3,...,n, Wiz

RN ARSI . X (4) 8 X () B ¢ B ZnEsl, e

X% (t) k=1
X" ()= o Xt )xat

X(O) (tl)+z]=2tl+rk
]

=2,3,...n

r FHETEE N 0<r<118].
AL MAPE VRN S R A O bR, A s .
1 n

(0) 3(0)

x4 (k)=X" (k

MAPE:—E —( ()0) ( )‘
Nz X (k)

2 1 AT A FRiE, FH CLUE B MAPE FIBUE SR . — &1 5 N IA N2 MAPE 78 10% L4 T i
TR 58 v (R FUU BE F9[9]

Table 1. Prediction model evaluation criteria
= 1. FTUNARBIEMNFRE

MAPE T kS B

<10% i
10%~20% BT
20%~50% s

>50% L]

(2) LMEREFRHER
AR AR T 2011~2020 AF (PR E AR 1R H etk A (— M RiE) %, Al y=bx+a [
B FE, MR 5 FEXS 2020 4 2 J5 1 Fu e A HE R AT Bl . — b, 2wy (R EA 24,
TEE X Xor wr X KAEZ, EEAHEUTF LML R
Y=5+BX+ B X+ A BX +eE
XTJ‘ Yy 5 X1s Xoyeuws Xk IEJHTJ‘{/E n W\@iﬂ?ﬁ% n ZEXJ'J{D!ME(XM, X2y vuey th), t=1,2,..., n (n >k+ 1); Hl:j’ﬂ‘]
R R R
Y =5+ BiXa+ BoXo +o ot BXy + &
Hr, g, e BAMKEES ¢ ANMRIMIALRE. TRA Y = Xp + & FHEDFIEER B IR
B=(XTX)TXTY L Bk, (XTX)TXTY B X HIIELL0].
4. PE 31 FHkHINGER S 74
4.1. HE 31 HiEeHEA a5

i Hr 2011 A 3] 2020 4F A ALBR I HECR B, T E BRI G HhIXAM 31 AN T AR
HECE I AR A, S RN 1 pos.
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Figure 1. Carbon dioxide emissions from 31 provinces and cities

B 1. 31 A SRS

M(E 1) 31 B EARHEE R B AT IR . S THTE 2011~2020 4 b B 2 B A4k
A5 KRR REAE 2011~2019 B WHE N, K2 HE TTE 2019~2020 49 Ak 1 HE R X
KIER D o

7 2011~2019 FHAMM], —AALBOREE NG R N EEE = U5 —RMEESFFREE K, REDH
B EE R AW RS, mRERE P A KLU E, R R K BRI R R E AR IR $h 454
DIRIR AT, SECT ARG, —R&HE AN DRI TR R R, ARt a Rk 7 R
SRR, TS B A AR 1 PO E K

£ 2019~2020 “EHA[R], K2 H0E i = A BHEBCR D 1 S5 2 R B BURREL T — R 514 i,
JIEE R AN AN A I8 A )T BB InaRERAE 55, SR BRI . 2019 4EF| 2020 4, 9%
15 H 18] 42 [ G0 70 b X BRHE TSGR BB, (AR E B O ARG, Wiild . ZBE . mEs . [ILEg
S AR BRI AE % 15 R B TR B IR, 5803 BOEME S D HE S O, AT 2020 4
R ARG R 22 5, AR PR R IR SR S AR 48 0 2 L e P ML Re U #E, Rk — Ak Bi
HolE gt B R, SR . mEKRT . IE. SME. m/ME. HRERK. |
PO 96 X0 T SR A A A T WL E X, 2B N, SARE TR, ek
LU R BN TR R B RBEIRIEAE, P E e K.

4.2. E 31 HhmARZE S

OB R ABRHE TR A1 0 A R o, ARAE ARG HE, ASCRAPUZE K077 SESE b, 3.
4. 5 ANEZ, 6. 7. 8 HAEZ, 9. 10. 11 A NKZ, 12, 1. 2 HANKZ,

i Id SuperMap iDesktop 3, i A [RIAEAEVE, AR 2] H R G X A 31 ME TR B
K ANZE SR E RN S oA, wlE 2 BR.
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Figure 2. Spatial distribution of carbon dioxide emissions in 31 provinces and cities

2. 3l A SR ETE B E

£ 2020 4, A8 TR R ZE ) AR e %, S HEBUEDY 2590.18 11 5 fEAKTE ALK
s b, S HEBEE Y 2172.61 1 5

IR XAE — DU rh AR RO AT 8, iR E 2R B LRI s, —E G
T 2R DR HEBCRL Y 50% L 1, Ll AR AT 75 4 A r [ 2 e ) 3 b bt DRI RENR . T
A T AR SRR, T A AR HECR R s T A X SRR HSCE A B, TR R i3
DX BEVSRI IR AR, X B AR BRI FE AR P, BRHFBCR W READO AR eE i (1 i R 3R mT
REE TR T, X EWRAE LT AR RE R, AT RESETE SR DB TR AR T IE i

4.3. hE 31 HiiEcHER T

T LR e et r R oL, DAEA N B AR R X (2011 4 8 HAR R 1), X 2011 4F~2020 4FEH
31 A EAMNER N HE SR AT At R P A N, W3 2, HEIEXT 2021~2025 EH [E 31 4 A
AR HE TSR AT T

Table 2. Prediction model for carbon dioxide emissions in 31 provinces and cities in China from 2011 to 2020
F= 2. 2011 5~2020 R E 31 B Z W RRHIME TR

Al T 2> Al AN
g y=314.37-1111* X ikl y = 402.426 — 7.068 * X
LHA y =811.344 + 1.156 * X WA y = 321.158 — 1.447 * X
ARy y = 440.333 + 3.746 * X R y = 167.363 — 1.209 * X
7€) y = 331.396 + 12.729 * X UPIES y = 368.636 — 4.441 * X
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fiye) y =241.038 + 7.426 * X BEMAE y = 268.58 + 3.212 * X
MNES y = 194.454 + 6.175 * X PNE) y=231.0+1.739 * X
IhRA y =1237.328 + 8.143 * X FasE E A X y =17.953 -0.152 * X
Jeni y = 141.424 - 4.851 * X Brepig y = 449.258 + 1.663 * X
REET y = 230.293 — 7.759 * X HNE y =213.107 - 2.022 * X
Mol y = 1002.826 — 22.021 * X HiH y =61.077 - 0.822 * X
thvi y =826.381 +2.912 * X TEBEHBX y =173.512 + 8.344 * X
WE T ERX y =786.234 + 1.791 * X g E /R BiRIX y =381.49 + 16.315 * X
ITRE y = 608.977 + 9.313 * X LTH y = 800.749 — 20.446 * X
TR B X y =197.227 + 8513 * X A y = 313.558 — 13.561 * X
et Ky y = 66.875 + 0.29 * X IR y = 418.005 — 14.96 * X
EEES) y = 686.521 — 18.006 * X

H1 T 2019 4:~2020 “E52EENE MM, FHZRPE IR ST b I 31 48 7 — S B HE O S S 4
FACTHR SR Z AP AR R, AR FRRAEENE P (Y 0812, K EARIEZENE, Ak
LRI RECN 0 B SR Bee, BT B DAEE A [ AR R 100 o ] 31 45 1l e — SR A e IR A 13
TR TR -

Table 3. Grade comparison inspection result table

3. RELWWHERE

£l JR AR 1E L fE PR R A TR E A

1 12067.358 - 40184.358 -

2 12393.927 0.974 40510.927 0.992
3 12439.715 0.996 40556.715 0.999
4 12605.466 0.987 40722.466 0.996
5 12670.868 0.995 40787.868 0.998
6 12813.486 0.989 40930.486 0.997
7 13151.411 0.974 41268.411 0.992
8 13561.661 0.97 41678.661 0.99
9 14058.375 0.965 42175.375 0.988
10 9284.154 1514 37401.154 1.128

7E SPSSPRO 1 FH i} 8] 5 413347 2% LU AR 56, JE I 2 EUAG G, W36 3 R IR 45 Rk, WFErhadral L
183, FR G S FTE % EUAE # AT [X 1] (0.834, 1.199) N, 5t B -4 5 e 51 3dk 25 W el A (o Tt
FERI[11] .

Table 4. Model Fitting Results Table
4 RBPEERSE

25130 JFha1E Ti{E W HARS IR 22 (%)

1 12067.358 12067.358 0 0

2 12393.927 12894.83 —500.904 4.042
3 12439.715 12809.013 —369.298 2.969
4 12605.466 12723.376 —117.909 0.935
5 12670.868 12637.917 32.951 0.26
6 12813.486 12552.638 260.848 2.036
7 13151.411 12467.537 683.874 52

8 13561.661 12382.614 1179.047 8.694
9 14058.375 12297.868 1760.506 12.523
10 9284.154 12213.3 —2929.146 31.55
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Table 5. Predicted total carbon dioxide emissions from 31 provinces and cities in China from 2021 to 2025
2 5. FE 31 &7 2021~2025 4 5 S L RRHERME TUNE

T % TRIAE
1 12128.909
2 12044.695
3 11960.657
4
5

11876.794
11793.108

5. &it51hig

WRIE A FIEFRAREA DT, KRPESE TR S B HEER T .
5.1. Efia

TEMATBOR MG RIBTE T, E M S e HECE SR TR, (ER & T 2020 4, Fiiih#] 2025
P E PR EASAARHBCE A $) 11793.108 FH I,
52. RIBER

PR %48 T E A BHE R A7 B B X 2
5.2.1. BlESHEE

KX, 2Rk, NOFE—FIET = S HREE AT AT, 25
MXE R NOBD, —HSAmHEERD; FETEEEN AmiiiERE, TRE A mHE
R D .
5.22. BHES/mAE

FABTHAE 2011~2020 & A AL B HE B 3R A b i 3 — 3 . KARI#E IR TE 2011~2019 EIZHTHE N,
KEZHAATAE 2019~2020 7 AR I HEE ORI /D o T A SR i [X 3, 25 ol 4k S A7 AE
5.3. Al &EiEE

Bt E Ko S AR AL TR RS, mrRe e m BB P MoK #T AR BEFE . IRHEU AL . XK
SHEE T AL AR E T, B —tE TG~ X, AR EIIS RS =K.
5.4, TRERHEBUR

B 5 [ 0] BESRHE I AR BE N R, R R BURF K K BUHE I ™ s (K BORAE ,  HESh 848 T SEht i fig
WHE. OB BT AR 2 T 10— S AR

ZEHEED LR, KRPEESETE SMWmREE LA S0 DU RS Sk b, &b
Hepos ey b, XigZERRE, REBMmXHER S, X HE R,
E&InH

AT H R EITE B B R 2 m A — I T W ST H R .
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TR, 2013.
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