Pure Mathematics Ei#%#, 2023, 13(12), 3690-3706 Hans XMl
Published Online December 2023 in Hans. https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2023.1312382

4
d
w

ETHEMBE AN XS HRAENER S Hh

T JetE
SR 2 KRB 515 B TR0, Bt B5tFH

ks H B 20234114 17H; FHAHEM: 20234F12A18H; KA H: 20234E12 A29H

B

RSB RBRHER, FEKRIRAEMBRERALE AL KBk e 5mHMmER, HEX
BT 2RI ESE, BUSERCR. A3CKA “EA” Bt EPE AR SRR R
DEHHIEAE, BBV —MIHEEIRAGR, WKRKERESSH. AD. GIREREZ BT HME
3T, BOLIRERR RARAY o 7E4R P B R T O Atk 5 51 AXGboostRILSTM TR AL B k34T ),
RBEITREG R KRB, DRSS/ ERRE, X =FII7 T mes A
BARBRMHONE, 2HEE—ANET AOMEFTFRMHNREIRHE R BIUER, &R HKEREA
B, WREBHBESAD. SHMEEIRHE R ERZ ug kB A8 XIS ERE AR, MR
SRS, TTDAKE TR X H R, R ERB LY. ERNE ERORRBZ .

XA

RECRREA, BHlE, KykpH, W HR

Modeling and Analysis of Regional Carbon
Emissions Based on Neural Network
Algorithm

Zhaojia Xiang

School of Big Data and Information Engineering, Guizhou University, Guiyang Guizhou

Received: Nov. 17", 2023; accepted: Dec. 18", 2023; published: Dec. 29", 2023

Abstract

As the world’s largest developing country, China ranks first in terms of energy production and
carbon emissions. In order to achieve the goals of carbon peak and carbon neutrality, China has
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taken a number of measures to combat climate change, and has achieved remarkable results.
Based on the data in question D of the 20th China Graduate Mathematical Contest in Modeling, this
paper first establishes an evaluation index and system, analyzes the correlation between carbon
emissions and economy, population, and energy consumption, and establishes a correlation model.
On the basis of linear regression model prediction, XGboost and LSTM prediction models were in-
troduced to predict again, and the prediction results were obtained respectively. Then, the opti-
mization model is established, the three prediction methods are weighted with the minimum pre-
cision as the objective function, and the optimal weights are used to solve the optimal weights, and
an energy consumption prediction model based on population and economic changes is obtained
respectively, and finally the ridge regression is used as an improved algorithm to construct a re-
gional carbon emission prediction model with multiple linear regression of carbon emissions and
population, economy and energy consumption. Using the algorithm in this paper, regional carbon
emissions can be predicted in time, so that China can better and faster embark on the path of
green development.
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Figure 1. China’s carbon emissions from energy in 2020
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Table 1. The abnormal missing value
* 1 RERKE

Fr 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

M 2.66367346  2.66367346 - 2.65251185 2.66367346 2.62265793 2.66367346 2.66367346 2.66367346 2.66367346 2.7
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Table 2. The result of the processing
2. ABERER

Ay 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

W 2.66367346 2.66367346 2.6620883 2.652511856 2.66367346 2.62265793 2.66367346 2.66367346 2.66367346 2.66367346 2.7
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Figure 2. Trends in carbon emissions during the 12th and 13th five-year plans
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Figure 3. The growth rate during the twelfth and thirteenth five-year plans
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Figure 4. Carbon emissions
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Figure 5. Carbon emissions and energy consumption
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Table 3. Correlation of secondary indicators

5% 3. ZRIEFREE M

Frle ol

€Y 7N GDP & Py i REVEAERIERIT  TMbIE 3R]
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A R R 0.997 0.918 1 0.986 1
REVRAIL R0 0.985 0.9 0.986 1 0.985
Tl 2] 0.999 0.918 1 0.985 1
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Figure 6. Matrix thermodynamic diagram
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AR SRNE 73 BRI T AL SR, AR SCRT DU 22 5 F AR -5 REVRH 2 B 1) LA B (R AR e ik
[l JUAS 22 4 — AR PR AT R AR AL PR, 45 R PRI IR, 53] R f4Ss R, e 4 P

Table 4. Results of correlation analysis
= 4. HEMDER

izt WA 2% REVR VY 2 e
WIEAD 1 (0.000™) 0.970 (0.000™) —0.352 (0.290) —0.92 (0.000™)
2 0.970 (0.000™) 1 (0.0007) —0.159 (0.643) —0.967 (0.000°)
REVERVHE T & —0.352 (0.290) —0.159 (0.643) 1 (0.000™) 0.048 (0.891)
THER -0.92 (0.000™™) —0.967 (0.0007") 0.048 (0.891) 1 (0.000™)
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RS, XURHE R AR R B TR RAR R CVE RS 7 51 P JE R 2R, T pR 2 2% 51
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3.1. %[BT
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PR EARERTE RN Z A B X 5—DXRE Y, BERRMEX 5 Y ZRPEENSE R, ik
RS HUR B bR R AR TOE S Y W20 . BT DOl B 2% 115 31—l 5 AR B A v AL A okt
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REZH P W BN RERA, 0T
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Horr, EMRMIES DA, 1 WEHERBERE, 4, NEBIRE. X, Ron8 i F 2RI D8R,
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(o (x)~y®) + EERIE5E ©)
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Table 5. Linear regression results
2 5. ZLMEIAER

AebriEfe R 5L FrUEAL R EL t VIF R2 F
B PR E Beta
A 108334.380 11712.370 - -9.25 - 0918 F=09912
WA 57.868 5.812 0.957 9.958 1 P =0.000

v LT A RIMRER 1%, 5%, 10%[1) 3 K SE .

B, 24 RN AR,
X\, =—108334.380+57.868t, (11)
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Figure 7. Fitting effect diagram
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3.2. XGBoost &
XGBoost /& Extreme Gradient Boosting 465, FRABENLEREIRTFH L, Z2REMEENES.
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=

3.3. LSTM & & 70

LSTM, KHEHiciZM % (Long Short Term Memory Network, LSTM), & —Fliitt 2 J& H7E A # £2 k)
#%, AU RNN JoiE b 3 B B iAo/ i) 1) &, H AT ELEAAT - LSTM (Long Short-Term Memory)id
T TR AN BRARAS RIZ B8 77, Re A A S AR P 51 H A A 5% ZR (LSTM X B 1] /72 371 1)
ML 8 FroR), 16 tBZ], LSTM IS =4 Suik 2SR ANME x, « E—FZ] LSTM
A« BL BB ZI R eRAS Cy s T 0 31 1 Z M Sedm &, 40 14 0 i, AF
g 52 AT 13 0 &, XA TRl fdh 1, (B RES 2 AR
BAATAR, XA Y T2 #] Lodid .

I BRI AT, N TR TR R B AR AR A T R 41 o B TR 51 A5 B 2R AL K AR
P, B TA) 25 B 52 22 R I (8] 25 B 208 o A% SRS 5 2] J7 1 (A Ze PEASE A0 ) sk AR $ 31X Fh KA K
R AR. B, ASEH LSTM SRR LeAE e M6 R, (R REA0 ) 22 RRAEHEAT TN, AT 4 o Tl
RO Tff

DOI: 10.12677/pm.2023.1312382 3698 S H


https://doi.org/10.12677/pm.2023.1312382

Tkt

N T AN E 5 TR N =& s M, SR S KM/ N A — Ak 7 BEA SR AT I — fb A 3
AFUTF
~ X —min(X)
X_max(x)—min(x) (15)
A XOWBEIAREAREAE:  min(X) A BEMERE SR B/ ME:  max (X)) FEARBER R KME: x HE—1k
AR FE i AR A B -
RIG, ALHFELEBEMEMAN SR, Bk, S = MO RBIRE A SR, e
IR 285 N B A5

=
I — X
— £ —<>A<\,hf-“
e
e X/\
=

N
E<
\ 4

( )
(\z(‘f,,/ 4 _
Figure 8. A schematic of the LSTM model
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FIEAE b AE SIS [16], W12 3K(26) T -

ini ~ @eng )(Gk - g)/Gk + Dy (26)

oV =(@
Hob, G NEBKIBINIAL, o WYIGTIHEAUE, @, BB ACHLI FHEAUE .
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Figure 10. Mind map
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Table 6. Energy consumption forecast based on population forecast
F= 6. ET AOFNKEIREERETUNER
Fy 2021 2022 2023 2024 2025
ANd 8591.622 8643.531 8695.755 8748.298 8801.153
NI - BEVRVH S & 32889.18175 33515.43602 34145.46640 34779.30894 35416.97579
oy 2056 2057 2058 2059 2060
AH 7951.225784 7830.246394 7694.467128 7546.078095 7385.96665
AN - REJRYE i 25163.45385 23703.9588 22065.91743 20275.75213 18344.16744

4.2. HRBEGF4E
FEBRPEAl o, TRAGEFE LR JUR 7% SFRI4aR Z(MAE) [17] P40 ZE(MAE) [17]. €
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ZH(R-squared) [18] LA A -3 4a %t 43 bL iR 22 (MAPE) . A< i #% MAPE (Mean Absolute Percentage Error,
IR B oy LR ZE) T R AR R AT VAL, 207V BT B AR L P 5 SR S 4 SR T )P 85
7, S BRI R I AT SN, IR S SR R R AT SR S . BRI S, TR AR
W, BRI ETE TOE S B SHE 2 AR 2, ARG BCFE IR o T R, BIE R
ZAH AR MAPE 5. 40, % MAPE 24 5, WIZe7R1Z 4 25040 (00 000 45 F1- 250 29 LS 285 SR 1Y) 5%
T A FEAHE AL MAPE {8, A SCR] DA A RS E T 6 ) 77 TR 95, IRk £ R I A AR
RIVE s 43k #%
MAPE AA:
1o
MAPE = ﬁ§| actual (t)
2 H I EHEXS 2021~2060 4RI N CBERSEAT TN, 459 28ITRIMEER, 1F K forecast (t) , MK &dfE
) 2 AR RUE O actual (t)
2, ASCAFRNEET N D RE R 9% 5 1 DU MR B ) MAPE BEAT I B3 345 R 7 B,

actual(t) — forecast (t)|>< 100% (27)
| 0

Table 7. Results of model evaluation

F 7. EEOTMEEER

ik kA= XGhoost LSTM SERUBAY
2 — B MAPE {8 8.5 452 6.3 4.15
SB— B MAPE 15 15.1 29.29 8.4 7.79

it AR S AR R A N R R R IO RS BEXS b, P 10 ARl DU H AN R R FT0 e (14
R BEA —EMZEFIE, WAL 575 W R AR B MR T ROR A . & 5ExE 3 AL A T
THOL, L RV PR T AR A B85, Hon B sh AE U #EXS B XGBoost A1 LSTM FR T 2
RN, RPN TN A RART A, 1 AR ke e v . BRI, LSTM E TINS5 5 Th %
DU €, (H[FIR XGBoost A7 A FUIMAR LA 8022 o AT S & 3 AN A AIHL &2 SRR BEAT L
X A G5 RGEAT TN, BIGRFF 7B TS 2 R4S R, RISt RE SR R R (KA B, AL R AR T LA
ROTIIRERE , T 45 SR RS BEXT BE A — B R ROR 4R i

——ME§ ——XGBoost ——LSTM —— sy
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Figure 11. Comparison of the accuracy of different models
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4.3. BETRFTURRERHETMER
B BT MR A TR, 45 Rk 8.

Table 8. Linear regression model results
52 8. LLMEIARBILR

JEbrEL R EL PR R4 t p VIF R2 F

B W iEiRZE Beta
W 19513.995  1171.040 - 16.665  0.000 - 0.888 F = 69.864
GDP 0.148 0.018 0.941 8.358  0.000™ 1 P=0.000

Ee T TR 1%, 5%, 10%0) 5 E MK .
BRER, WFFR:
Vi =19513.995+0.148X; | 500 (28)

MRYE R AR AR AR R PR, 43345 R0 9 Fror.

Table 9. Forecast results of energy consumption based on economic changes

9. ETZFTURRERHEENTNER

G 2021 2022 2023 2024 2025
2% 94782.85650 99656.16244 104529.4684 109402.7744 114276.0803
2% - REURH P 33257.50720 33964.13656 34670.76590 35377.39528 36084.02465
FE 2056 2057 2058 2059 2060
2N 265348.5646 270221.8708 275095.1767 279968.4827 284841.7884
2% - RelRE S i 57989.53490 58696.16422 59402.7936 60109.42296 60816.05234

4.4. XighxHEE TUNERRE

2 o2 M (B A /E X SRR HE R 5 N T . GDP RITREIR I 9% & 2 (R (R B UR AN AR, AR S0 fE
FHUE RVAAE Ry — Pkt 7%

WAl (Ridge Regression)& —Fh& ML BT e J5id, B ARSIV [ A m] R H LAY 2 B3k 2k 1
(multicollinearity) ir] @l . 2 B ILLEMEAR IR AE Al B R Z BAALE @ EAH ORI, XAl e R 3UE
BT E MR A R PE . RV DA, RS ORBE A IRAE AR 1, AFR 2 /IR AR &1 R EUH
LEARFAE AR S0 TR 45 SR 1 52 AR 0, U4 ] U [19] 2 58 i 2 3 alpha S 8Okl s/ NRFIE AR B REUIFRE .
X PO R B A AR AR &, R PR AR A B R BB Rk G 0 & 7k, R L2 IEMIME. 1@
RGN IEMIT, W BRI B ARE T /MU R s B T IENME TR A A, RREBSE A TH R B 2
B TRE4E8 0, Wb 2 EILL MR, X B TR m R R R Ak B . AR EL T
AR, VR EE RS AR 2 S AR R A R, R R A AR e AN T SR i
FE ARG RO REAE FOHOBRE R, & [B] V3 AT DASE e Al 1 AR B 2 (R B OR 2R, B A 17 R0 I B4t v 1) S
O ERUR IS DL

HH bR ECN:
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2
+ 2w (29)

argmin X *w-Y

W (e 1 = A R 7T DARR E B I S il i, IS HUAG T T 22, TR m B Az AL T RE
SR, SALGIIZAE R, WS T IR, W R SRS Hh T Z 8. ik, fEik
FEEN LN RE S o N FHEEITHS.

IR, DX HE S T o SR P 0 [eT VARS8 [19] [20], A4 ER4R i B2 (1 T kG B2 e sE 1k

X ZE U A AL R KL, 2 3(30)s (3L)FTR:

min‘g%isz(hg(x(i))—y(i))z+/1||6?||2 (30)
0,-0, —ag(hg(x(i))—y(i))xgi) ~240, (31)

MBI IR R, BRHEZ AL R AR SCIERS . 2 SBURMER AT R, #EM R IeiE R g
Bl 2R E . 8GN L2 O AT, bk B, AT AR ) S AT A R, (AR ORF AT
Wik, BT, L2 WEENATIAN, S iR B0 A S & KI5/, JFseb— T 2
A X, A RIS, IENART R0 2 i R G 1 e/ 3R, AT G AR RE REG ik, BT
Wi TR A R N UL A R, S TR SRR AL RE ST . TS R A S0 R

V,J3(8)=XX"60-XY +26=0
. (32)
:ez(xxw/u) XY

FIH SPSSPRO #EAT KM, JHHIH SPSSPRO £l 17U W] 12 Frox. RIS, A EHE R R
4 0.983, HRAVKINE AN

@ FHAD -@- GDPEE REURH R AR -0 AR R LE @ LA R HLE BRI

=3
—
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04 \
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= 0.2
&
o C 0.2660
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Figure 12. Ridge trace map
12. &5
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Wiy =8512.373+1.736X; | +0.21Xgpp +0.387 Xy +9721.063X; 4y iy
+89650.488X, 1.1, 7y TL-123X g +0-363X -y +0.736% (33)
+4.632x

S

2, ARG R BR324 804 10 s,

s F1128X, o+ 2.308

Table 10. The end result
< 10. mEBRER

FE Ay 2021 2022 2023 2024 2025
e = 78473.418 76147.757 77751.046 74155.611 75245.457
FE Ay 2056 2057 2058 2059 2060
TRHE 2 67078.84463 66974.95138 66731.62992 66415.67405 65589.38461
5. &

ARG AR, HBE TSR A P AR R R R R AAE N, W@ B Rk
B MR AR R A SR B RISE 2 AN, R R T BRI AT e o A
FARAHSCI R A 0, DR R FHR R it T 5 SR R 1 LTk ASCAUE 1 2 74k B
B, EGINT LSTM. XGboost &2 fiik, CMRETIMREE, I RAINBCF LI ks & 75 18 54
RS R, XA TEANTIIE S RSEZRIRRE. BNEZ, RXHE T RERZAI50H, R T
ZRITIEAER, CAAH . FR SR R A
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