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Abstract

Against the backdrop of global warming, the achievement of China’s “dual carbon” goals (peaking
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carbon emissions before 2030 and achieving carbon neutrality before 2060) requires an accurate
grasp of the regional characteristics and future trends of carbon emissions. Addressing the core
characteristics of China’s carbon emissions—high-dimensionality, non-linearity, and spatial-tem-
poral heterogeneity—as well as the gaps in existing research (e.g., single research methods, crude
regional classification, and insufficient deconstruction of time-series characteristics), this study
constructs an HP-LSTM model. Based on carbon emission data from 47 industries across 30 provinces
in China (2000~2020) from the CEADs database, the model decomposes the trend and cyclical compo-
nents of emission sequences through HP filtering, and combines the LSTM model to achieve accurate
prediction, with comparative verification against the ARIMA model. The results show that the 30 prov-
inces can be classified into three types: emission peak-reached type, slow trend growth type, and con-
tinuous growth type, with some provinces struggling to peak before 2030. The production and supply
of electricity, steam, and hot water is the main contributor to carbon emissions. Based on the prediction
results, this study proposes policy implications including differentiated governance strategies and dy-
namic monitoring mechanisms, providing scientific support for the implementation of China’s “dual
carbon” goals.
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i (AR E) LSCHIRBIE. FEE 2R RRAIE,  “XHx” HFR2030 FHTfkiSE. 2060 4
I B H AT PR SRR A FERT DX Al HE CRFAE FR RS DA 0 5 A SR A 35 R s 2 T3

o E RS B e, JRZRME . IR R BT RRIE: CEADs #0402 30 M 0 1Bk
JBORERA T BedR. % 47 MTW4ESE, FERE 2 HILL M. LA 2 RALME R IHE ARIMA
RS, A LUA P v 4 G TU AR S5 AR ZR VRN PP RFAE s[RI, DX R] 7 b S5 R (2R 38 i A AR 7 vs i e
Tk BEIREEMICNIE T IR M vs BT K L S ) 2R R, R ERIIAE TR,

DA B e . [ SO SR S A, H 2 OB — 1Y, B m e s R 1] (2] E AR
W2 R RGEA, (B S5 G IR BE 5 ST 7 AR 2R PR AR

g b, DA AR “ 7 —A. X SRR . TR f R I P R AE B 1, A SCiE I HP-
LSTM X —7 . £di = ZRIE T CEADs [3]-[7].

2. RBHER STAVEMN
2.1. LSTM =838 Bl

K4 A2 M 2% (Long Short-Term Memory, LSTM) [8]1F J7ii¥H #1242 % 2% (Recurrent Neural Network,
RNN)FURFERAR A, 33 51N T LA ROk T 458 RNN ZE AL R (O BA 78 26 AR ) B, Ho O i
R B = AN ORBRE 145 LT
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W] (Forget Gate):  YRUE MU 7f R BB B IRE R, R 8.

fi=a (W [hoox]+d,) M
fNT")(Input Gate): F2M| Z AT ZIH 5 BRI EH &, HorRiEaAon:
iy =0 (W, [h_.x]+bc) )
C, =tanh (W, -[h_.x,]+b.) 3)
i1 I(Output Gate): T AHMDIRA K Ahfn Hh 015 B, Haik a0
o, =c (W, [h_.x]+b,) 4)
h,=o,-tanh(C,) (5)

Horb, o FIR sigmoid BUHREL, WONBGERRE, b NwmE .
2.2. HP-LSTM ERE E4aig it SRS B E

RFE T X B HE R e £ bE 30L& 5 TN RE 1, A SCHIEE T HP-LSTM A8, 43514 HP J89% 7 fif
S5 IR S R 5 W R 2 AT A TR . RIS LSTM Y25 A0 1] LSTM 1%k epoch = 2000, 10428
£ Adam, 223 0.001. PRGN MBS ERENTE 1, £ 2:

Table 1. TrendLSTM network configuration
%= 1. TrendLSTM W48 4544

B A2 R LN NANCEE 39 B RN CRE4ERE)
LSTM (#Z—2) + Dropout (0.3) 1 128
FC + ReLU 128 64
FC + ReLU 64 32
FC 32 16
FC 16 1

Table 2. CycleLSTM network architecture
2 2. CycleLSTM WI4B4EH

TR A TR LIPNPNGN LRI PNAN
LSTM (#£& U JZ) + Dropout (0.1) 1 64
FC + ReLU 64 32
FC + ReLU 32 16
FC 16 1

2.3. BEIFFIS R %

CO, HE R I 18] 77 71 A 75 K B 38 (MDA E R BBV &5 M55 1)) 5 58 I U sl (& 0% LI BUR ).
WO R AT HP JE3[9]. HP JEIGE IS f 04k i) @
y,=1,+¢(1=1,2,---T) (6)

min{ 327, (5, =) + 2% (7 =) ~(=7)T | )
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Figure 1. Decomposition of CO2 emissions
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Table 3. Data after HP Filtering (Unit: 10,000 tons)
3. HP IR EHIEERAL: FIRE)

Fhr CO2 HES R (SR 457) T c
2000 3053.31 2824.03 229.28
2001 3225.16 3233.19 —8.03
2002 3517.78 3677.63 —159.85
2003 3882.92 4191.37 —308.45
2004 4714.92 4783.88 —68.96
2005 5567.01 5417.14 149.87
2006 6197.89 6042.53 155.36
2007 6822.27 6634.49 187.78
2008 7205.22 7191.37 13.85
2009 7178.90 7740.40 —561.50
2010 8366.84 8310.92 55.92
2011 8859.29 8845.93 13.36
2012 9742.70 9297.00 445.70
2013 9778.95 9617.77 161.18
2014 9903.30 9830.43 72.87
2015 9831.56 9981.98 —150.42
2016 9918.46 10130.64 —212.18
2017 10172.43 10311.48 —139.05
2018 10529.39 10526.91 2.48
2019 10897.94 10757.99 139.95
2020 10966.96 10986.12 —-19.16

A LLE ZIFE 2009 A0 HIL 7 i K HoAUE, ke mtfailam, 3 ERAARR 2 25 m 5
H CO, AR E B, AT IE B T HP P8 nT LA 250042 1 27 HA 52 846 PR 38 52 0 (1 U 3l (A &= R e L
BRI o
2.4. BEALE

TERE S o B Tkt Z-score FrifEAl, JE A Ao B0 bR dEALE £ MinMax JH—4k(=1~1), Z-score 7
WA N: z 2% o o 4 N 2000~2020 4 30 NME O FIHEBCE IR FIME, o NHARAEZE.

MinMax T4k, FEARN: Xpom = 2% (X = Xpomm )/ (K =X ) — 1 LESI S H 0 ke 50 W) I 52 %
B ENREG, H—ARI[-1, 170] 54 E A7 X FRRFAE .

AN ) ) B P S B 2 S gl IR 4, SR B 5 e e T A ST AR 4 % e sh s 4, DA EEA#E i LSTM
B AT YIRS TN, SR B A 77 200 2021~2060 4 #0108 1)z A0 Re

T 5 AR R BN E DA EESE, Bk I R s TS R AH AR 54, S FH 38 5 iR ZE 40
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Figure 2. Comparison of actual and predicted values for HP + LSTM model
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Figure 3. Trend component chart of the production and supply of electricity, steam and hot water
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Table 4. Classification of HP trend components
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Figure 4. Forecast chart of four provinces
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Figure 5. Forecast of ARIMA
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