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Shifts of Land Use Gravity Centers and Carbon Accounting

Scenario Simulation in Chengdu Plain
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Abstract: [ Objective] The shifts of land use gravity centers and carbon emission change and the influencing
factors of land-use carbon emissions in the Chengdu Plain were analyzed to provide theoretical and data
support for the low-carbon development of the area. [ Methods] Based on multi-source data, the barycenter
model and IPCC carbon emission coefficient method were used to elucidate the changes in the land use gravity
centers and carbon emissions in the Chengdu Plain from 2006 to 2022. Partial least squares regression
analysis and the logarithmic mean divisia index (LMDI) model were used to explore the primary factors

influencing cultivated and construction land carbon emissions. A patch-generating land use simulation
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(PLUS) model was used to simulate future land use patterns and carbon emissions. [ Results | @ In terms of
land use types, the gravity centers of cultivated land, water area, construction land, and unused land shifted
4.23, 5.46, 8.44 km, and 31.58 km to the northeast, respectively, and forest land and grassland shifted
11.12 km and 3.41 km to the southeast. The gravity centers of major food crops, rice and corn, moved
15.47 km and 7.52 km to the northeast, respectively, whereas that of wheat moved 17.77 km to the
southwest. @ From 2006 to 2022, the land use carbon emissions of 33 counties in the Chengdu Plain showed
an upward trend, with a total increase of 1.36 X 10" tons; and the carbon sinks continued to decline, with a
total reduction of 5.68X10° tons. @ Under the natural, carbon sink, and carbon emission reduction scenarios, the
carbon emissions from land use reduced by 5.39X10°, 3.47X10°, 4,53X10° tons, respectively, comparing with
those in 2022. [ Conclusion | During the study period, a significant loss of cultivated land was observed in the
Chengdu Plain; most of it was converted to construction land in the central part of the Chengdu Plain and
forest land in the Longmen Mountains, LLongquan Mountains, and Leshan City. In the future, the protection
of cultivated land should be strengthened necessary. Carbon emissions from land use in 33 counties showed an
obvious rising trend; however, the primary influencing factors are different. Therefore, source reduction and
sequestration measure should be implemented according to local conditions.

Keywords: multi-source data; land use gravity center change; patch-generating land use simulation (PLUS)

model; carbon accounting; Chengdu Plain
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Table 2 Classification accuracy of land use types in Chengdu Plain
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Table 3 Key phenological stages of rice
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Table 7 Transfer cost matrix of land use types in
Chengdu Plain in 2030

AR B e we ks e SRR
Hr Hh 1 1 1 1 1 1
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Table 8 Prediction of land use demand in three scenarios of Chengdu Plain in 2030 km*

Y 5 Bk s MOHL O 7K 8 A i Hofth K o ) FH
A 2R 5 7 037.73 11 631.42 167.23 704.04 6 656.77 9.20
e I 5 9 149.09 10 398.19 168.93 669.09 5 811.89 9.20
Tl HE 1 = 9 687.28 10 111.04 168.04 661.10 5 569.73 9.20
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Fig.3 Changes of center of gravity of land use types in Chengdu Plain from 2006 to 2022
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Table 9 Moving directions and distances of center of gravity of land use types in Chengdu Plain from 2006 to 2022

Fnp— 2006—2010 4F 2010—2014 4F 2014—2018 4% 2018—2022 4% 2006—2022 4F
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Fig.4 Changes of gravity center of rice, wheat and corn in Chengdu Plain from 2006 to 2022
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Table 10 Moving distances and directions of center of gravity of rice, wheat and corn in Chengdu Plain from 2006 to 2022
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Table 11 Carbon emission of land use types in Chengdu Plain from 2006 to 2022 10" t
i PR HER BRI i Bl K UM S BHER MBRIC R
2006 HBefi/10* ¢ 356.39 —227.88  —37.83 —0.03 —1.41 1 582.69 0 1939.08  —267.15 67104
Hfil/ % 18.38 85.30 14.16 0.01 0.53 81.62 0 100 100 o
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Fig.5 Spatial distribution of land use carbon accounting of annual average change rate in Chengdu Plain from 2006 to 2022
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Table 12 PLS regression results of cultivated land carbon emission
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Fig.6 Decomposition and contribution rates of carbon emission from construction land in Chengdu Plain from 2006 to 2022
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Fig.7 Land use demand projections in three scenarios in Chengdu Plain in 2030
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Table 13 Comparison of area of six land use types in Chengdu Plain under three scenarios in 2030 and 2022 km*
A R 2022 4 EEN B T 38 A = e D HE 1 55
HE H 10 763.64 7 042.46 9 150.77 9 688.97
VN 9 773.02 11 626.25 10 394.06 10 106.95
O 166.99 167.23 168.99 168.10
K B 651.65 704.04 668.13 660.14
A 4 843.24 6 656.77 5 812.08 5 569.91
b B R A 7.85 4.47 7.20 7.16
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SRAT 550 = e B VAR S5 = b Yl HE 1 5% (3R 140 . 3R W] 4 Fp
AR A L A AR B B i bk, A SRS S 28 A
A5 5 = Rl 14 V1 1l 28 28 Ak iR B > i U L 2K A8 4k 5
JE . CERF SR b N R M A 0 RS Bl IR — Bk

R A5 F 0 B8 B 5 1] 43 AT AR LR S AR A 1) 1) 44
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3.5.3 AP R 3 AP F T LA A B HE S AT
WYEFR 15 Al 50, AR 5N, A CF R 2030 41
b B P B HE R 3.03 X 107 t, M HE 2022 4E U >
5.39X10° t, ] 7 2030 4F 5 6% ik s H 45, Bk H %
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Fig.8 Gravity center changes of land use types in Chengdu Plain under three scenarios from 2022 to 2030
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Table 14 Directions and distances of gravity center movement of land use types in
Chengdu Plain under three scenarios from 2022 to 2030
W% FI AR 15 5t B I 1R 5t 5 TR HE 17 5t
- 07 1] Higg/km 7 1kl Higg/km 7 1l Higg/km
B it Pt 0.54 [N 0.49 iR} 0.27
NS R 6.29 R 2.14 R 1.18
i ARt 12.63 R 0.41 )] 0.36
K Rt 4,01 Rt 1.64 pld 0.74
B Hh At 3.38 ARt 3.02 eld 2.14
At B R A At 20.21 Gl 15.28 A4 9.06
®15 HBTER3IMERT LA BBRAME 2030 £5 2022 Fxitt
Table 15 Comparison of land use carbon emissions under three scenarios in Chengdu Plain between 2030 and 2022 10" t
o D R b i ) KK AU A RCRA R SRR HE
2022 4 e R A 37.32 —59.09 —0.03 —1.65 3107.37 0.00 3083.92
. WeHE . —16.47 —70.29 —0.03 —1.78 3 118.59 0.00 3030.01
HAREE B B B .
Ak 53.79 11.20 0.00 0.13 11.22 0.00 53.91
- e —22.42 —62.84 —0.03 —1.69 2 823.62 0.00 2 736.64
BHOCHE R 0 . N B B B
Az 9.74 3.75 0.00 0.04 283.75 0.00 347.28
‘ e —23.20 —61.11 —0.03 —1.67 2 718.60 0.00 2 631.27
B HE 15

5 4k —60.52 —2.02 0.00 —0.02 —388.77 0.00 —452.65
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