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Tab. 1 Scenario variables setting for Shanghai
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Tab. 2 Spatial autocorrelation test of carbon emissions in the Yangtze River Delta urban agglomeration, 2000-2019

ARy Moran's / pla Ay Moran's / pla
2000 0.017 0.016 2010 0.032™" 0.006
2001 0.027"" 0.006 2011 0.031" 0.009
2002 0.026™" 0.007 2012 0.032™" 0.008
2003 0.031"" 0.003 2013 0.028" 0.013
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e T R RTE 1% 5% 10% K B3 R IH
3 FTEEREERE
Tab. 3 Verification of spatial panel models
LM-lag Robust LM-lag LM-error Robust LM-error LR-lag LR-error
Pa 243.952"" 64.648"" 669.312" 490.007"" 318.290"" 28.870""
pll 0.000 0.000 0.000 0.000 0.000 0.000
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Tab. 4 Estimated results of regression model

AF T 75k FLAERLN [ 428 17
Inpop 0.936™" 0.945™ -0.232
Inpgdp 0.5117" 0.5717" 0.344°
Inci 0.925™ 0.920™" 1.616
Inopen 0.036" 0.033" 1.565
Inis 0.144 0.184" -0.115
Inur 0.616™ 0.506 -3.420
WxInCO,(p) 0.726™
R’ 0.977
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F£S5 AEERETNMERE TR

Tab.5 Performance evaluation of different predictive models

i R’ MSE RMSE MAE

BP #i 25 4% 0.75 105.60 10.28 6.45

LSTM #5784 0.78 74.17 6.93 5.36
GA-LSTM f#1 0.88 47.97 6.49 4.55
23] g A GA-LSTM i 0.96 42.06 6.14 4.13

HIT 325 ()3 A ) 7 A 45 2R 8 W 22 5 26 R K 1™ b 5 4 2 I i etk e
23 (A AN PR OCHE BT AR o PG, AN SO — 20 ad i A A R e AL A T Rl S BRI =
FAAE T A 25 TR A SUGA-LSTMAE AU 58 R B2 (Y T AT 1 5 e A o

RO/, S T4 ey PR 32 5 [l i e A i A B 23 )i A X GA-LSTMAS Y £
REEARIR LRI (B S5OOGIZ TR 7ML E5 R PS5 0 (A 38 25 18] s 0
A7 R A NGA-LSTMABRUAR FE, AR SE PR BE B2 TR EEAR XS B0/ 0N o 3 A 2 T 6
E T 23 (W] 1A 3 B 45 R R, A R W 28 5 R A R M 45 440 1) 2 [ i ) i 2 22
REAS AEAR R L L g R = A 3 T AR BRI A 2 (] SN R

Fo6 ETFZE#HAK GA-LSTM # B FiE R LI IEHR
Tab. 6 Metrics for ablation experiments based on spatially embedded GA-LSTM model

X R MSE RMSE MAE
25 [ A GA-LSTM R HY (1 7% JE . 35 25 [ i Ji 33T 0.96 42.06 6.14 4.13
25 [ AN GA-LSTM RS (5 [& 4= 2 [ VF )5 100) 0.97 42.03 5.57 3.84

FeT 25 [l ATUGA-LSTMA AL A6 g S B, 40 AT 20 ABH w0 SR T DL R A 2 1Y
KRE, (ERIRES B ) S 2 B2 SRR E P, TG, RIS R SE SR i 45 2R, (UF IR
&5 [0 e A0 25 Tl A GA-LSTMAR R BEE B 5 B o I AL BOE T LA S R Fs e
UERERE, RIS 2 35 PR B ARG E 1, (A A Y SN S A T g
3.2.2 FEHRAKXTN SEETMAIXT L 347 e 28 23 0] SRR R = iy i A Ak
A SR, TEIEUERS 52T 700 FH GA-LSTMASE B 25 [ % A sUGA-LSTMAR A
X AR HE R AT PN . A4S, BRI ) SCHR AN, 14778 3k 35 P A 1 268
RZHBIRTT2020—203 545 6] F- B HE O, 30 0 = F 30 T AR o B 52 B 2060 4F- 9 Btk H
FIbR 8 CH I X2 ] SRRV 7™ Az B I8 HEASCR AR 2 Bt T o SR B O 5 iy, i
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Fig. 4 Comparison of prediction results based on spatially embedded GA-LSTM model and GA-LSTM model
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Fig. 5 Historical evolution and prediction results of carbon emissions in the Yangtze River Delta urban agglomeration
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Fig. 6 Peaking time and spatial distribution of carbon emissions in the Yangtze River Delta urban agglomeration
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Fig. 7 Comparison of prediction results based on spatially embedded GA-LSTM model under baseline and green scenarios
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Carbon peak prediction for Yangtze River Delta urban
agglomeration based on spatially embedded GA-LSTM model

SHI Changfeng', YU Yue', YAO Xiao’, PANG Qinghua'

(1. School of Economics and Finance, Hohai University, Changzhou 213200, Jiangsu, China;
2. College of Information Science and Engineering, Hohai University, Changzhou 213200, Jiangsu, China)

Abstract: Urban agglomerations serve as crucial platforms for constructing substantial
domestic circulation and fostering harmonious regional development in China. Given the
evolution of the integrated development of urban agglomerations, the characteristics of their
internal spatial networks inevitably lead to the carbon peak paths of individual cities being
influenced by their proximate counterparts. Consequently, this study focused on the Yangtze
River Delta urban agglomeration, which boasts a high degree of integration within China,
constructed a spatial weight matrix based on composite geographic and economic dimensions,
applied a spatial econometric model to analyze the spatial correlation of carbon emissions in
this urban agglomeration, and further applied the spatially embedded Genetic Algorithm-Long
Short-Term Memory (GA-LSTM) model to simulate dynamically the peak paths of carbon
emissions in this urban agglomeration. The empirical results revealed several important
findings: (1) Considering the spatial correlation effects of the urban agglomeration, the carbon
peaks of several cities occur sooner than expected, and most cities experience a reduction in
their peak level, indicating that the spatial correlation effect can effectively optimize the spatial
pattern of carbon emissions. However, the post-peak emission dynamics of these cities are not
significantly affected. (2) In the baseline scenarios, with the exception of Suzhou (Jiangsu) and
Bozhou, all cities attain their carbon peak by 2030, with most cities in Anhui province
maintaining a steady decrease in carbon emissions after 2019, some cities in Jiangsu and
Zhejiang provinces experiencing a relatively slow decrease in carbon emissions after reaching
the peak, and Shanghai and Nantong showing a rebound trend of slow increase in carbon
emissions after reaching their peak at an early stage. (3) Under the green scenarios, the total
carbon emissions from the Yangtze River Delta urban agglomeration follow a steady downward
trend since 2019, effectively reversing the inertial growth under the baseline scenarios, and the
cities within the urban agglomeration show significant improvement in the time to peak, peak
level, and post-peak situation, which contributes to a synergistic emission reduction pattern.
Keywords: carbon peak; path simulation; spatial correlation; GA-LSTM model; Yangtze River
Delta urban agglomeration



