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Abstract: [ Objective] It reveals the spatial distribution of carbon flow and the key path of carbon element
transfer in Bin County, grasps the existing problems of Bin County’s Production-Living-Ecological (PLE)
space ecological environment, and then provides theoretical support for the future low-carbon rural planning
and land-use resilience planning and management decisions in Bin County area. [ Methods] Bin County was
taken as an example. The overall metabolic network model of rural ‘carbon elements’ was constructed to
identify and master the evolution law of the PLE spatial pattern, to quantitatively measure the characteristics
of carbon sources, carbon sinks and the spatial-temporal dynamic changes of carbon elements in Bin County.
[Results] (1) The predominant use of land continued to be for cultivation, while other types of land use
displayed varying degrees of change, impacting the ecological environment. (2) Bin County's expanding
residential areas had resulted in an initial surge, followed by a decrease in overall carbon emissions. In 2010,
carbon emissions of Bin County spiked to 3.07 times of their previous levels, marking a crescendo. In 2020,

the emissions of Bin County decreased by 2.25 million tons. The increase in the carbon sink was associated
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with the alteration in the area of the ecological space. (3) The spatial distribution of high carbon sink and

source density mainly concentrated in the central and western parts of Bin County. The cultivated land

production space and urban living space were the key components of carbon transfer in the two periods,

respectively, and the mutual carbon transfer between the two land uses was also the dominant transfer path

in different periods. [ Conclusion ] The spatial distribution of carbon flow and key paths of carbon element

transfer in Bin County mainly concentrate in the areas with rapid urbanization process, where the ecological

environment has serious problems. In the future, land use elasticity planning can promote regional

sustainable development by formulating sustainable rural low-carbon emission reduction strategy.

Keywords: production-living-ecological space; carbon transfer; land use; pattern evolution; Bin County
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Table 1 Spatial data and statistics required for research
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Table 2 Land use classification and carbon factor flux calculation method
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Table 3 Economic coefficients and carbon uptake rates

of major crops in Bin County
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Table 4 Carbon emission factors corresponding to various agricultural activities in Bin County
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Table S Standard coal conversion coefficient and carbon

emission coefficient of different energy types
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Table 6 Carbon emissions and carbon absorption of Production-Living-Ecological Space in Bin County from 2000 to 2020
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Table 7 Changes of carbon sources and carbon

sinks in Bin County from 2000 to 2020
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Fig. 2 Spatial distribution of carbon sink density and carbon source density in Bin County in 2000
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Fig. 4 Spatial distribution of carbon sink density and carbon source density in Bin County in 2020
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Table 8 Spatial horizontal carbon flow transfer matrix of Bin County from 2000 to 2010 tC
5 A 2010 4
C F G L Ur R Un
C 0.00 15407.43 7821.81 3921.52 —1887703.0 —11564.00 1868.19
F —68308.80 0.00 1033.29 257.64 —46921.0 —532.16 286.11
G —3397.25 —236.00 0.00 —16.02 0.0 —111.39 4.18
2000 4 L —7798.95 —95.76 343.82 0.00 —4011.1 —380.10 2.85
Ur 84434.68 0.00 0.00 0.00 0.0 0.00 0.00
R —11260.20 213.14 117.59 207.62 —549735.0 0.00 39.09
Un —2027.48 0.00 —4.33 —10.86 0.0 —5.97 0.00
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Table 9 Spatial horizontal carbon flow transfer matrix of Bin County from 2010 to 2020 t C
5 H 2020 4F
C F G L Ur R Un
C 0.00 67326.00 3879.81 2318.87 —2104298.10 9432.92 4779.42
F —15975.99 0.00 268.71 92.37 —22345.06 —203.71 32.06
G —3690.44 —586.78 0.00 —29.50 0.00 —77.87 27.88
2010 L —4244.77 —46.39 129.17 0.00 —35070.18 —219.63 2455.33
Ur 1053636.31 39161.65 0.00 5519.25 0.00 518745.52 0.00
R 8756.42 510.01 116.97 118.61 —47609.65 0.00 285.53
Un —2221.92 —207.12 —4.10 —5.50 —53528.71 —44.57 0.00
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Fig. 5 Carbon transfer chordal diagram of Bin
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