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Coupling Coordination and Spatiotemporal Evolution of Economic Develop-
ment and Carbon Emissions in the Cultivation Sector of Major Grain—

Producing Areas

ZHU Aiqing', YANG Chengyu', WANG Zhiyi’

(1. Yantai Research Institute, China Agricultural University, Yantai 264670; 2. College of Humanities and Develop-
ment Studies, China Agricultural University, Beijing 100080, China)

Abstract: To explore the coupling relationship between economic development of China’s cultivation sector and car-
bon emissions, and promote green and high—quality development of the cultivation industry, this study constructed a
dual-system evaluation framework for cultivation economy and carbon emissions based on panel data of 13 prov-
inces in China’s major grain—producing areas from 2006 to 2023. The entropy method, modified coupling coordina-
tion degree model, and spatial autocorrelation analysis were comprehensively applied to investigate the coupling co-
ordination and spatiotemporal evolution of cultivation economic development and carbon emissions. Results showed
that the overall coupling coordination degree in major grain—producing areas exhibited a gradual upward trend (aver-
age annual growth rate: 0.5%-2.5%), with strong policy relevance. From 2006 to 2010, the growth rate was slow,
with the development focus on increasing grain production. From 2011 to 2019, steady growth was observed, and the
growth rate accelerated significantly after 2015 due to policy impacts. After the proposal of the "dual carbon" target
in 2020, the coupling coordination degree entered a high—quality development stage: several provinces including
Hebei and Sichuan exceeded 0.7, reaching the intermediate coordination stage; by 2023, most provinces had
achieved barely coordinated or primary coordination stages. The global Moran's I indicated a weak positive correla-
tion during 2006-2010, which turned negative in 2011-2013. After 2014, the negative correlation weakened, and re-

gional differences gradually narrowed. However, the coupling coordination degree remained low in some northeast-
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ern and southern regions. It is necessary to promote coordinated development through adoption of low—carbon tech-

nologies, optimization of planting structures, and cross—regional collaboration.

Key words: Green agriculture; Agricultural economy; Coupling coordination degree model; Moran index
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Table 1 Evaluation index system for the economic—carbon emission system of agriculture
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Table 2 Carbon emission coefficients of various carbon sources for grain cultivation activities
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Table 3 Methane emission coefficients for rice cultivation in major grain producing provinces (regions)

A (1X) Ffd/g-m™ HRE S — 2= A /g - m W R /g m™
Province/Region Early rice Middle rice or single—season late rice Double-season late rice
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ME 0 8.93 0
iy 0 9.24 0
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RIETT 0 8.31 0
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IpS 0 21.00 0
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Table 3 Continued
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Table 4 Classification of coupling coordination degree levels
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