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Provincial-Level Area Carbon Emission Forecasting Method Based on
LSTM-GBRT Model

LIN Cheng', LU Junbing’, ZHANG Yu’, ZHANG Zhong’
(1. Guizhou Power Grid Co. , Ltd. , Guiyang 550002, China; 2. School of Electrical Engineering, Dalian University of
Technology, Dalian, Liaoning 116024, China; 3. Power Grid Planning Research Center, Guizhou Power Grid Co. , Ltd. ,
Guiyang 550002, China)

Abstract: To address the issue of low prediction accuracy in provincial-level area carbon emission forecasting caused by insufficient
historical data, a novel prediction method based on electricity data is proposed. Firstly, the correlation between provincial-level area
power load data and total carbon emissions is analyzed. Subsequently, a hybrid long short-term memory-gradient boosting regression
tree (LSTM-GBRT) model is constructed to perform carbon emission forecasting, based on the electricity-carbon correlation. To
further enhance prediction accuracy, a K-means clustering algorithm is employed to classify provincial-level area energy consumption
structures, enabling the identification of provinces with similar carbon emission characteristics. This clustering aids in enriching both
the dataset and feature set. Finally, based on historical electricity and carbon emission data across multiple provincial-level area in
China, the model is applied to forecast emissions in a target province. The results demonstrate that the proposed model can effectively
capture the carbon emission trend. It consistently outperforms benchmark models-including long short-term memory (LSTM),
convolutional neural network (CNN), and gated recurrent unit (GRU)-in terms of mean absolute percentage error , mean absolute
error, and root mean square error. These findings highlight the model’s superior generalization performance and robustness across
varying data scenarios.
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Fig. 1 Diagrammatic representation of carbon emission

accounting boundaries at the provincial administrative region

level
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Tab. 1 Direct carbon emission factors for various energy

sources

[T WA T | BRIRAARR THEAC A
JiE 1. 662 RIKA 2. 141
PR RS 2.058 PSR 11.545
FAl e ps 1.187 FAbIES 5.952
SHE A 1.424 WAL AR 3.343
FEK 2.867 HTAR 3.089
FCAbA7 ™ b 3.088 sl 3.036
bl 2.927 Bl 3.058
Hofifa Ak ™ di 2.508 SRR 3.194

Ji 3.039
T AP AR AR S A BRI T A7 kg CO,/
m”, HARRIR I BRHE D 20037 S kgCO,/kg -

F£2 2011 &£3 2021 FH/HBHEEF

Tab. 2 Carbon emission factors for electricity and heat
production from 2011 to 2021

o H T BHE R T/ IV T
7 (kgCO,-kWh™") (kgCO,-MI™")

2011 0.6430 0.126 6

2012 0.5315 0.1206

2013 0.5438 0.118 8

2014 0.4547 0.2302

2015 0.406 7 0.1103

2016 0.458 1 0.1069

2017 0.490 6 0.1035

2018 0.473 1 0.1093

2019 0.4729 0.107 4

2020 0.4311 0.136 6

2021 0.4843 0.1150

*3 XEFEERHNE
Tab. 3 Annual carbon emissions MtCO,

AEf SRR D SRR
2011 208 2017 256
2012 228 2018 248
2013 230 2019 254
2014 228 2020 247
2015 231 2021 259
2016 244

(Institute of Public and Environmental Affairs, IPE)
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Tab. 4 Peak correlation coefficients of the electricity-carbon

nexus in selected provinces
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Tab. 6 Comparison of prediction error metrics among four

models
TR eyape! % eppse/MICO, ey, /MtCO,
LSTM-GBRT (I #2457 ) 4.16 11.15 9.22
LSTM 8. 48 23.46 20.73
CNN 6. 61 17.93 15.49
GRU 4.92 13. 11 11.95

LSTM B AU K Ab B[R] P51, (R 5) 52 52 4%
fIE T4 ; CNN Il A4 BUR B, Hghly £ 2
S b FHBUSIERAE , XTSI R R]F 5 op K
B E] 5 AR G R, 2 e —E PR s GRU
SERAR XS TR L PIZRPR, (RG] R 3 b BN
2T, LSTM-GBRT #1454 T LSTM (1 I ¥

HAEE 1 5 GBRT XHAR 2 ASHERL A RE 1, AERE T
G T HARTFE B HE L ) S A AR AL RRAIE

R SR 2022—2030 A HE R T, e R
FH ARIMA T80 %5F 1245 32 B 380 14 B, 7 67 g R 0 R A
T, T A R AN 8 firan, L A fer B AR AL
LR, FFA DT s AR . Bl 15 2 AkHE
TN A5 R E 9 R . A Hra R, LSTM-
GBRT R L L Ath T I A5 754 i 6% o - b, 2 30 s HE
UG TR R, XORm TR T A
(s, FF H 2% T HAbE 0 Bk HEBCE R O
T 25 5 e b B s HE IS K G2 I3 iR W 1
B, I 25 F BRI BHE RO T 2029 4F 35 2
WE(E , U{E K 285. 29 Mt CO, .

2500
—— [ L HE
= 2000 - —e— FIEAE
=
-~
N 1500
I
B
4 1000 -
&
500
0 1997 2002 2007 2012 2017 2022 2027
AEfy
E8 EBAHEBIEmNER
Fig. 8 Prediction results of electric power data
——LSTM  —— {5k CNN GRU
400
3300 F
©
=
& 200
:\é v
ajg 100 .,

ol s . . s . .
1997 2002 2007 2012 2017 2022 2027
AE

E9 4FRERE Bk HE RGN BR X b
Fig. 9 Comparison of carbon emission prediction performance
among four models

it

FE T R BCHE R S e I T A R R S XL
e AR Mt S it 1) D BRE R R B AR, AS S g B IR AR
KRBT R AR X I . BRI A e s AR LR A
Kb, 2T LSTM-GBRT B HERL AR Y, 2245

5 %

i



174 FEITRMEEA

%20 &

I IR E B 28 X 48 425 4 48 9 IX Sl H, g B fr Bl 5
TR HE R R Z B 2 2 A OGO &, B B i H
PR, BB AT R0 AN [R) 48 90 DX 3k 1 e HE AR Ak
k-

DI 0 Rl o Brvh 42, #0801 2011—2021
AR X BT LR R, JT RS 21 S REVR AR
R18 13 i B 0 A A e HE R T A I R0 4, &5
KW, ZEE N ey N 4.16 %, ey N 9.22
MtCO,, epys: N 11. 15 MtCO,, i T-LSTM. CNN
HIGRU 5471 254 ARIMA H, 7 BCHR T30 25 5 4
P RNZ A G R HETBOK T 2020 4 ik W A 45 45, T
BRSO AR T B 5%

A fe 23 Uk S X6 25 AT T R H B A S 40 B LA
KetpcHERc o, S B )E . A asE AR
& JE AF T FERRA T A B HE RSN AY I A BUR

RS
S 3k

(1] R, AR SRR 2024 4E B RURPAER (1], AR B4
B, 2025, 41(2): 1-4.

WEN Xin, HAN Dong. Global warming accelerates: 2024
projected to become the hottest year on record again [J].
Ecological Economy, 2025, 41(2): 1 - 4.

(2] J3EF v S S i HE I 2030 47 ji ik BIUAAA , 55774 HL 2060
AERTSCEBR P AN ] A H & S5 TH, 202009) 2 10.

XI Jinping: China aims to peak carbon emissions before 2030
and strive to achieve carbon neutrality before 2060 [J].
Manufacture & Upgrading Today, 2020(9): 10.

[3]  HRITHIK P M, REHMAN Z M, DAR A A, et al. Forecasting
CO, emissions in India: a time series analysis using ARIMA
[J]. Processes, 2024, 12(12): 2699.1 - 2699.10.

[4] DAR A A, JAIN A, MALHOTRA M, et al. Time series
analysis with ARIMA for historical stock data and future projec-
tions[J]. Soft Computing, 2024(28): 12531 — 12542.

[5] XU ME, 4R%m, ¥R . T ARIMA A9 K B i [T,
PSR, 2025, 9(4): 157 - 161, 166.

LIU Jixiong, ZOU Rui, XU Siwei. Power generation forecast-
ing of wind-generated electricity based on ARIMA[J]. Modern
Information Technology, 2025, 9(4): 157 - 161,166.

[6]  XUEIR, MIEKE . 2&T STIRPATBERY (b 7 Kaee gl it i ik
VTR 5T LT ). IREBERL:, 2025, 46(9): 5524 - 5534
LIU Zejun, JU Meiting. Scenario analysis of carbon peaking
in a northern coastal city based on STIRPAT model [J].
Environmental Science, 2025, 46(9): 5524 — 5534.

(7] Z=REAR, FJEHE . 3T STIRPAT 52 AY 1 1L 77 44 e HE g 1)

(I ] B 0 R 2 2 i (11 SR BR A2 W) , 2024, 42(5) : 398
- 402.
LI Zhidong, DU Xuanfeng. Carbon emission prediction in
Liaoning province based on STIRPAT model [J]. Journal of
Shenyang Normal University (Natural Science Edition) , 2024,
42(5): 398 - 402.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ABIDEMI O S, HUSEYIN O, MEHDI S, et al. The
determinants of CO, emissions in Brazil: the application of the
STIRPAT model [J]. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects, 2023, 45(4) : 10843
- 10854.

AR, Wy, s, A b REURTE DRk B I 1 T
M : 3T STIRPAT ¥ R A [J]. IR BERL 2%, 2025, 46(7) :
4052 - 4064.

SHAN Baoguo, YAO Li, ZHANG Chenglong, et al. Carbon
peak prediction of energy consumption in China: based on
STIRPAT extended model [J]. Environmental Science, 2025,
46(7) : 4052 — 4064.

WINOAR, MRARAR , ST, S5 . R 7 DX BRI 5
43 B ——36 T STIRPAT AL i 58 [ 1], oA 22 15 4 2
WL, 2024(9): 75 - 80.

HU Xudong, LIN Zhenfu, HUANG Yanlu, et al. Analysis of
carbon emission trends and forecasts for electricity in Southern
China: research based on STIRPAT model [J]. Journal of
Technical Economics & Management, 2024(9): 75 - 80.

LI S, TONG Z, MAROON H. Estimation of transport CO,
emissions using machine learning algorithm [J]. transportation
research part d: transport and environment, 2024 (133) :
104276.1 - 104276.11.

Bl . LT LSTM R AU iy £ g yib 25 2 00N [T ). 3R 4 5 87 8l
77,2025, 8(1): 6 - 10.

ZHONG Wei. Lithiumion battery capacity prediction based on
LSTM models[J]. Automobile and New Powertrain, 2025, 8
(1): 6-10.

XA, MAT:, BT, 5 AT LSTM LR Y b ¥ 28l i3
Sl B AR EN (). v E B BERL A, 2023, 43(5) ¢ 2574 -
2582.

LIU Chunsen, QU lJiansheng, GE Yujie, et al. LSTM model-
based prediction of carbon emissions from China’s transporta-
tion sector [J]. China Environmental Science, 2023, 43 (5) :
2574 - 2582.

QI Y, PENG W, YAN R, et al. Use of BP neural networks to
determine China’s regional CO, emission quota[J]. Complex-
ity, 2021, 2021(1): 6659302.1 - 6659302.8.

BaTt, ik, ST . BPMIZ 45 1 22 JoL M [m] RS A0 Xof
T HE T T 119 L A LT ] BB R Mk, 2020, 20(11) = 172
- 176.

ZHAO Jinyuan, MA Zhen, TANG Hailiang. Comparison of
BP neural network and multiple linear regression models for
carbon emissions prediction [J].
Industry, 2020, 20(11): 172 - 176.
PRigbk, STET, ST5AE, 5. 5T BPFI R MK H L n bk
KA BUUBETELT]). P E A TR, 2024(3): 153 - 155.
CHEN Honglin, JIA Xianzhang, JIA Baozhu, Research on
photovoltaic power generation prediction using backpropaga-

Science Technology and

tion neural network algorithm [J]. China Plant Engineering,
2024(3): 153 - 155.

ToKA, W%, T, 45 BTk BP M 2E N 2% i b4
WA (7], 2R A28, 2024, 40(6): 30 - 37.

WANG Yongli, LI Yiwen, WANG Huan, et al. Carbon emis-
sion prediction of Hebei province based on improved BP neural
network[J]. Ecological Economy, 2024, 40(6): 30 - 37.
KB, HIT, BT, 4R SET ARIMA Al LSTM 21 5 105
R T ARSI (D], 83 0y TR, 2022, 43(2): 246
- 253.



5 6 1]

MR, A : T LSTM-GBRT #5514 45 5 DX ik HE 100 75 9 175

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

ZHU Shaomin, XIA Hong, LU Xinzhi, et al. Condition predic-
tion of reactor coolant pump in nuclear power plants based on
the combination of ARIMA and LSTM [J]. Nuclear Power
Engineering, 2022, 43(2): 246 - 253.

WREEWE, 47, 4245, . 5 ML Al ARIMA-LSTM [
S RGE BT )], KBRS, 2024, 45(2): 164 - 171
CHEN Hongfeng, WANG He, LI Yan, et al. Short-term wind
speed prediction by combining two-step decomposition and
ARIMA-LSTM [J]. Acta Energiae Solaris Sinica, 2024, 45
(2): 164 - 171.

EHH, DA ST ARIMA AT LSTM IR A B (9 i i) 7 51)
ML) AP HT, 2021, 38(2): 291 - 298.
WANG Yingwei, MA Shucai. Time series forecasting based on
ARIMA-DLSTM hybrid model[J]. Computer Applications and
Software, 2021, 38(2): 291 — 298.

WEN T, LIU Y, BAI'Y, et al. Modeling and forecasting CO,
emissions in China and its regions using a novel ARIMA-
LSTM model[J]. Heliyon, 2023, 9(11): 21241.1 - 21241.10.
WANG C, XIE F, YAN J, et al. A U-MIDAS modeling
framework for forecasting carbon dioxide emissions based on
LSTM network and LASSO regression [J]. Energy Reports,
2025(13): 16 - 26.

CAI Y, FENG J, WANG Y, et al. The Optuna-light GBM-
XGBoost model: a novel approach for estimating carbon emis-
sions based on the electricity-carbon nexus [J]. Applied Sci-
ences, 2024, 14(11): 4632.1 - 4632.10.

s, G, SERE, S5 BT i — B R R A O Ty
VP AR AR R AP LI]. P AOREE 2023 (S1) : 318 -
333,340.

SHEN Liang, FAN Tao, MU Qun, et al. Study on evaluation
standardization system of carbon emission accounting
methodology based on “electricity-carbon emission calculation
model”[J]. China Soft Science, 2023(S1): 318 - 333,340.
AR, BRI LT AL B A AR T F - AR Ay
SR BT 4S5 A, 2025(1): 66 - 69.

ZHANG Chen, ZHANG Luzheng. Development and applica-
tion of an urban electricity-carbon measurement model utilizing
power big data[J]. Resources Economization & Environmental
Protection, 2025(1): 66 — 69.

FRUE, 2200, B EIC, S BT IR 1 REFE SRR HE
SRR 5 [J/OL . 7 LRI, 1 - 9[2025 - 02 ~
19]. http://kns.cnki.net/kecms/detail/44.1643.tk.20250219.1128.
003.html.

WANG Chengwei, LI Pei, YANG Zhiyuan, et al. Construc-
tion and application of energy consumption and carbon emis-

[27]

[28]

[29]

[30]

[31]

[32]

[33]

sion calculation model based on electrical data[ JJOL ]. Southern
Power System Technology, 1 —9[2025 - 02 - 19]. http://kns.
cnki.net/kems/detail/44.1643.tk.20250219.1128.003.html.
A&, SRTRHe, X, A . FET i B R AL A DR 5 A7l
e I W 00 7T 52 B A A (0 ). B BOR S R , 2024, 42
(11): 85-87.

HOU Zanyu, CAI Yinong, LIU Bo,
implementation analysis of carbon emission monitoring across

et al. Operational

regions and industries using an electricity-carbon computational
model [J]. Digital Technology & Application, 2024, 42(11) :
85 -87.

FEIBRAR AL 2L 77 il Rl B AL 5 S8 i 0 R 5 45 R BOR
MLV : 1SO 14067 [S]. HINEL: [EPriRifEfL4141,2019.

IPCC. 2006 IPCC guidelines for national greenhouse gas
inventories [EB/OL] . [2022 — 08 — 19]. http://www. ipcc-
nggip.iges.or.jp/public/2006gl/index.html.

WP BB, AR, S I N R ) B G R KO i
I R B B HE O Bk e (1)) A 97,2025, 38(6)
1-10.

XIE Pingping, LU Qiuyu, WANG Xuelin, et al.Research on
carbon emission accounting method for wind-solar-storage
combined power plant adapting to the development of new
power system [J].Guangdong Electric Power, 2025, 38(6): 1
- 10.

T, RATTE, i, 45BN ) R SRR U R S B AR
WALTT T[T ] L 5483, 2024, 61(10): 17 - 25.
WANG Jia, WU Renbo, XIAO lJian, et al. Research on the
optimization method of energy dispatching and carbon emis-
sionpricing for novel power system|[J ]. Electrical Measurement
& Instrumentation, 2024,61(10): 17 - 25.

o [ Bk 4% 53 B4 2 (CEADs) [EB/OL]. [2024 - 03 - 20].
https://www.ceads.net.cn/.

SHAN Y, GUAN D, ZHENG H, et al. China CO, emission
accounts 1997 — 2015[J]. Scientific Data, 2018, 5(1):170201.
1 -170201.14.

Wi HER: 2025-04-01; MI4EHE % HE:2025-07-30
1EH"N:

#Hak(1975), B, B IAN, MLz, ARFT AL ZHEHN

X, 2606241251@qq. com;

SR E(2001), B, @44, MR AL, AR & had

IR, abing427 @mail. dlut. edu. cn;

-

kA (1983), B, SR IAT, MLz, BFRF @A B AE
4, zhangyu830906@163. com.



176 FEITRMEEA

%20 &

/ e
it s B =
(P 7 Ha R 5 AR ) F P T g O | SRR B AT ) 3245
T 7 L OB 2A 5T e A BRI AT N 7] I e T B AR SR
B, ) [ NSNS TE AT TIPS RGE R R %
T LA AP T B R R G e AR T TH B R 20 R
A, LSRR 7 IS S0, AR A LR SR
T RIS 4% RG0St I Sy R E
il E KA R R E T R R A A 2 HL R
St ) R H AR RS H o UG [ N AN E SR
BT REF ARG R L Be i Ui A= B R o

1 MREX

1) SCR LA AE ALY b & 2R3, SO 20T 1 SR
H WAV . AR BRI S A iR
SUTHA BE T A SO B R T IR S R OO
[N/ N I=EIi T

2) ARSI HE GBIT 7713.2—20224 B4 B AR R 45 2
(AR &I E ¥ NS QI E TEST S WEEE I =1 FIPN i )
000 7 (ELHE IR T iR IR ) M E . RIFHES W a,b,c.d,
e FLI0 .

DEH B COREIT 7 67) AEFH AL Hhk IS
email 15 F6 AR BLZRTD 5

b)Y SO E R 2 B 985 30, VR 1t 44 DU PR

OVEH BT, 4G k44 I AR AR MBSO CIRBR 4
(AT P A A R (S T

d)350 F A7 Y R SCHR B, 3 ~ 8 AN, L R Ji B AT O
TR I A S SCSCA . HEESR SR S AME B WA RIS
SCHYE Y 7R SRS

e) 7 Ay [ 58 Bk 4 e W 0ot B Bl | 4s R R BT e oG I
H IE AL 5 2P S5 o
2 BEBK

D BRSCRIESCFE TR 55 IFEF AR RAIR, S50 ik
A Times New Roman , Ay & 714Ky Symbol . SC i 2R AT G
R SCRITE

2) T AR E G0k TR SR RIS AN BE TR
SR Ckeflem? R “ppm” A TR BR BT E A

3) SCHR AT 2 R B TR VA I A IR T SCRD (A 3C e
X B HFE) KNG BT AE TR RS RN R
T 1) A FH AR SRR sl R B B

4) SCRR AR AN BT 45 W 3R] (f 71355 RO A FH B B
A0 ) 5 B R IE SC b %) 4 W AR LR 5 — YR L IR 6 0 Y 4
B, J IG5 B i 17

3 RIBAEEIRSE

DFEFRRERACZLE". ERN LT ERTFNERSL .
FANA @Y E P BESCRA I . RERAERIE, 5
A TABUF LAV Sk HERR

) RE MR R A EFRIE 4 . B4R H B E
B 44515 . TARE AR R R SR A AutoCAD

Adobe Illustrator B, Corel DRAW i AF42 1, T8 & AN B <RI 5
FEA B R bR LS | PR ZAR I 4R 7 5 S R, Ak b
S B EABME B B I A B A R
200 J7 BURFE UL L.

3) &l R R A R SO AR R B B SR A T
7

4) 52 SCHR N FH S T & R B BERE, 325 1 B 28 5 IO
SIRT e, VAL L] 2] 455, B 5 IE CH R R PS5
— 8, UFER S S 2% CEkE S, GB/T 7714—
2015) FNCH FE 2= AR R ORI B R S IEM BRI, CAT-
CD B/T 12006 & 3T J 47 e ) 1 25K 3 5% SCJR 555 S0k
WSS SR R B B S S (WR B (6 TR ) o

SCHRZER T HRREUN 3@ E B M ] &g e[ e iRt
EIN WIS )] 2208 3D ] IRE (R briE[S ] &
FIPTEHmIGTHARIB] 501, 2% T AIK] HAb AR UL
A SCRR AL, 0 20 BT 28 FF O BORFA T BOSR T ] 4 5 S0 ATl
WRAF Y EAR RS TAEFMLZ]. W EWIRIL)/OL]; M
HTFAETEB/OL] . HL P30k M 75 7E 2k i bric 5 in - & %
sCEH H I OMEFES) 511 H I On s 365 ) A Sk
k.

4 i

1) 388 5 Cp 7 H X R D i 5358 I 3 https < //nfdwis.csg.
en, PP VEF B B SO S5 R PR R I n
A, 85 5307 T BRI S E0R 020-36625646 1) .

2) B Rt 55 WA 11 R LIS (FALAE) .

3) GRS AR AT R R S A B . R
TR AN 25 1 ] A (R 1 FL I B R ) 2 i S 0 3 L B s A 9
Ve 0] B 020-36625642 36625643 5% & 3% H, I 124 5]
nfdwjs@csg.cn 1] 4848 T i #H Fr 1B O

4)EE— L R, R S E 1 B S AL, 7
SCEEGRAA TR, B S5 ARG AR RIEHRE

SE L E RGN RG]
(1] xIES, RGN, EXE . B E M. Jbat w3 8E R
#:.,1957:15-18.

(2] Bhschk . AELR PRI TR EE M I T T [C L 38 . ia
BAEMAE SN H— T EIE BF S IR R S W
L VY E TR R AT, 1996:468-471.

(3] PGHF . RSk s D 4 3E 5 s 01 A5 AR (9 LBB 43 M [R]. b
AR R R AR BT BE , 1997

(4]  PEEZREAEHEZE N2 R85 30K 25 S0k M
W : GB/T 7714—2015[S ]. Jbut: dr E AR AL, 2015.

[5]  XB—HI. &% RET LA :200610171314.3[P]. 2006-12-13.
R . JCER A AR AR B H o 45 38 v i o FH 55 R T ). R H
WA ,2009,3(6) :85-89.

CHEN Xiang. Development of wireless technology in modern
power grid management and its perspective [J]. Southern Power
System Technology ,2009,3(6) : 85-89.

(7] EB5E . T b B 2% AR R A vl Ak B 2 2R e TR kg
[EB/OL]. (1998-08-16) [ 1998-10-04]. http://www. cajed. edu.
cn/pub/wml.txt/980810-2.html.

(7 A % 435



