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Spatial-temporal Characteristics, Influencing Factors, and Decoupling
Relationship of Carbon Emissions from Cultivated Land Use in
Three Provinces of North China Plain

Zhang Meixia, Li Fang, Guo Chenning
(College of Economics and Management , Shandong Agricultural University » Tai’an, Shandong 271018, China)

Abstract: [ Objective] The characteristics of carbon emissions from cultivated land use and their decoupling
relationship with grain yield were investigated to provide a scientific basis for coordinating the reduction of
carbon emissions from cultivated land use and grain security in the North China Plain. [ Methods ] Based on
data from 45 cities in Shandong, Hebei, and Henan provinces in the North China Plain from 2001 to 2021,
the spatial and temporal evolution and influencing factors of carbon emissions from cultivated land use and
the decoupling relationship between these emissions and grain yield were analyzed using the carbon emission
coefficient method, spatial autocorrelation analysis, spatial Durbin model, and Tapio decoupling model.

[Results ] @ From 2001 to 2021, the total carbon emissions from cultivated land use in the three provinces of
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the North China Plain exhibited an inverted U-shaped pattern, with fertilizer as the main carbon source,
accounting for 51.67% of the total emissions. The total carbon emissions from cultivated land use in Shandong and
Henan provinces were higher than those in Hebei Province, and the carbon emission structure differed among
the three provinces. @ Spatially, the carbon emissions from cultivated land use in the three provinces of the
North China Plain generally shifted from a high-carbon stage to a low-carbon stage, with notable differences
in carbon emission levels among different cities. @ The carbon emissions from cultivated land use generally
showed positive spatial agglomeration characteristics, and the degree of agglomeration tended to strengthen,
with spatial coherence expanding in high-high type clustering areas, while low-low type clustering areas were
more dispersed. @ The agricultural economic level, rural electricity consumption, and fertilizer application
intensity had positive effects on carbon emissions from cultivated land use, while the urbanization level had
negative effects. The urbanization level and rural electricity consumption had positive spatial spillover effects,
while the agricultural economic level had negative spatial spillover effects. @ The decoupling state between
carbon emissions from cultivated land use and grain yield shifted from mainly weak decoupling with
expansive negative decoupling to mainly strong decoupling with recessive decoupling. [ Conclusion] Organic
fertilizers and precise fertilization techniques should be encouraged to use; emission reduction measures
should be formulated according to the different carbon emission structures of each province; the adaptability
of grain varieties should be enhanced, and inter-regional coordination and interaction should be strengthened.

Keywords: North China Plain; cultivated land use; carbon emissions; spatial Durbin model; decoupling model
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Table 1 Factors affecting carbon emissions from cultivated land use in three provinces of North China Plain
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Table 2 Criteria for decoupling status of cultivated land use
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Table 3 Total and structural characteristics of carbon emissions from cultivated land use in three provinces of North China Plain
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Fig.1 Spatial distribution of carbon emissions from cultivated land use in three provinces of North China Plain
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Table 4 Global Moran’s I index of carbon emissions from cultivated land use in three provinces of North China Plain
Ay Moran’s [ Z1H p1E Ay Moran’s I Z 8 p1H
2001 —0.036 —0.166 0.434 2012 0.070 1.254 0.105
2002 —0.022 0.020 0.492 2013 0.086 1.474 0.070
2003 —0.046 —0.308 0.379 2014 0.104 1.716 0.043
2004 —0.073 —0.684 0.247 2015 0.112 1.824 0.034
2005 —0.069 —0.634 0.263 2016 0.130 2.065 0.019
2006 —0.060 —0.498 0.309 2017 0.147 2.296 0.011
2007 —0.055 —0.427 0.335 2018 0.176 2.698 0.003
2008 —0.013 0.136 0.446 2019 0.181 2.769 0.003
2009 0.012 0.473 0.318 2020 0.179 2.743 0.003
2010 0.027 0.673 0.251 2021 0.173 2.673 0.004
2011 0.045 0.922 0.178
x5 ZEHHHF A BCHE RS A8 = 8 K BRAFAE
Table 5 Local spatial correlation characteristics of carbon emissions from cultivated land use in each city
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Table 6 Spatial Durbin model regression results of factors affecting carbon emissions from cultivated land use
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Fig.2 Spatial distribution of decoupling status of carbon emissions from cultivated

land use and grain yield in three provinces of North China Plain
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