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Abstract: This article used the window EBM super-efficiency DEA model to calculate the synergistic level of carbon reduction,
pollution reduction, green expansion and economic growth (CPGE) of crop production in China from 2009 to 2022, and identified
the key driving factors and nonlinear response relationships of carbon reduction, pollution reduction, green expansion and economic
growth synergy through the GBDT model. The results showed that: (1) During the inspection period, the overall synergy of CPGE of
crop production in China showed an upward trend, rising from 0.67 in 2009 to 0.95 in 2022, with an average annual growth rate of
2.65%. Taking 2016 as the dividing point, the growth rate generally showed a “downward-upward” trend. (2) The regional
differences in synergistic effects of CPGE of crop production in China were significant. In terms of temporal characteristics, the
synergy between grain main production areas, grain main sales areas, and production and sales balance areas has been improved,
with average annual growth rates of 2.85%, 3.68%, and 1.84%, respectively. In terms of spatial distribution, the pattern of synergistic
effects has shifted from “high in the north and low in the south” to “high in the south and low in the north”, gradually converging
towards high-quality level, reducing regional differences, and ultimately presenting a spatial clustering feature of “cold in the east
and hot in the west”. (3) The key driving factors that affected synergistic effects included grain yield per hectare and agricultural
mechanization level. Grain yield per hectare, individual technological level and urban-rural income gap factors had complex
nonlinear characteristics. Technological innovation level factor had a significant promoting effect, while other factors had fluctuating
negative impacts. From the perspective of time effects, grain yield per hectare has gradually become a core factor. From the
perspective of regional effects, there were significant spatial differences in driving factors.

Key words: crop production; CPGE; synergistic effects; spatial-temporal evolution; driving factors; GBDT model
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Table 1 Evaluation system for CPGE of crop production
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Table 2 Economic coefficient, moisture content and carbon absorption rate of major crops in China
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Fig.1 Temporal evolution of synergistic effects of CPGE of crop production in various provinces from 2009 to 2022 (by region)
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