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Measurement and multi-scenario simulation of land use spatial conflicts in

Xiangjiang River Basin under carbon neutrality
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Abstract; The strategic pursuit of global carbon neutrality goals necessitates a profound understanding of land use dynamics
and their associated spatial conflicts. The precise measurement and sophisticated simulation of land use spatial conflicts,
explicitly guided by the imperative of carbon neutrality, constitute critical methodologies for informing the development of
regional territorial spatial patterns that are inherently green and low-carbon. Such approaches are fundamentally vital for
advancing the sustainable utilization of land resources and mitigating environmental degradation. This study took the
Xiangjiang River Basin in Hunan Province as a case, using land use classification data from 1990 to 2020. It employed a
landscape risk assessment method to construct a land use spatial conflict measurement model from three dimensions: land

complexity, land vulnerability, and land stability. We analyzed the spatiotemporal evolution characteristics of land use
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spatial conflicts within the basin at the grid scale. By utilizing the emerging Patch Generation Land Use Simulation ( PLUS)
model and constructing a carbon neutrality index, the study explored the characteristics of land use spatial conflicts and
carbon neutrality levels in the Xiangjiang River Basin under different scenarios for 2030. The results showed that: (1) The
land use structure in the Xiangjiang River Basin underwent significant changes, with forest land accounting for the largest
proportion, and built-up land expanding by 151.37%. The PLUS simulation results will show that, under the natural
development scenario, the proportion of built-up land in the Xiangjiang River Basin will increase by 0.41% , while the area
changes of different land types under the low-carbon development scenario will be more reasonable. (2) The average land
use spatial conflict in the Xiangjiang River Basin from 1990 to 2020 showed a declining-then-rising trend, decreasing from
0.56 to 0.51 and then rebounding to 0.52, remaining overall within a relatively controllable level. (3) In 2030, the average
spatial conflict values under the scenarios of natural development, farmland priority, ecological priority, and low-carbon
development are 0.506, 0.523, 0.507, and 0.505 respectively, with a noticeable alleviation of conflicts in urban center
areas. The high-value areas of carbon neutrality under the low-carbon development scenario account for 21.56% , second
only to the ecological priority scenario (21.65% ), indicating that this scenario can best alleviate land use conflicts while
maintaining carbon balance. The findings of this study furnish crucial empirical support essential for fostering sustainable
and coordinated development within the Xiangjiang River Basin. Furthermore, the research carries substantial implications

for achieving efficient land resource utilization and safeguarding regional ecological security.

Key Words: land use conflicts; territorial spatial optimization; carbon neutralization; multi-scenario simulation;

PLUS model
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Fig.1 Schematic representation of the theoretical framework
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Table 2 Percentage of land use pattern from 1990 to 2020

A Bty i L) piSE ] HB T A I H
Year Cropland Forest Grassland Water Built-up land Unused land
1990 32.26 61.49 2.84 1.87 1.46 0.07
2000 32.02 61.39 2.83 2.06 1.62 0.07
2010 30.43 61.99 2.61 2.19 2.67 0.11
2020 29.97 61.59 2.51 2.15 3.67 0.10
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Table 3 Percentage of land use pattern in 2030 under different scenarios

5t Bt bs: Fiifh K5k B b ES LR
Scenario Cropland Forest Grassland Water Built-up land Unused land
9% & J& Natural development 29.96 61.25 2.46 2.15 4.08 0.09
LSS Cropland priority 37.27 54.92 2.21 1.84 3.67 0.09
H:ZSESE Ecological priority 29.95 61.88 2.49 2.18 3.42 0.09
A% % J& Low-carbon development 30.00 61.41 2.47 2.15 3.87 0.10
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Fig.4 Multi-scenario simulation of land use pattern
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Table 4 Results of the land use conflict index measurement from 1990 to 2020

AR AL 154 {1 1X ] 23 [0 BTG T 43 U Percentage of space units

Degree of change Threshold interval 1990 4F 2000 4E 2010 4F 2020 4F
F&AE N5 Definitely controllable 0—0.2 5.96 6.05 7.24 6.94
LA F5 Basically controllable 0.2—0.4 14.94 16.83 17.53 18.99
AHXT AT $5 Relatively controllable 0.4—0.6 29.35 32.26 39.15 34.80
HALFE Basically uncontrollable 0.6—0.8 40.67 39.15 33.43 35.54
S k%5 Heavily uncontrollable 0.8—1.0 9.08 5.70 2.65 3.72
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Fig.5 The changes in the proportion of land use conflict levels

from 1990 to 2020
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Table 5 Results of the land use conflict index measurement under different scenarios in 2030

AR 981X i) 23 [A] BA TG 1 /3 L Percentage of space units

Degree of change Threshold interval EE/A BEBAESG H A R %
F4%E AT 45 Definitely controllable 0—0.2 10.13 8.64 10.15 10.47
FEAH 5 Basically controllable 0.2—0.4 17.02 15.69 16.88 16.83
AHXT AT 25 Relatively controllable 0.4—0.6 36.38 36.41 36.24 36.29
FEAR SR Basically uncontrollable 0.6—0.8 30.77 32.96 30.98 30.70
J7 8 2K 4% Heavily uncontrollable 0.8—1.0 5.70 6.31 5.75 5.70
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Fig.8 Simulation of land use conflicts under different scenarios in 2030
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Fig.10 Ranking of carbon neutral indices under different scenarios in 2030
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