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Tab. 1 Selection and descriptive statistics of variables
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Fig. 1 Carbon source for grain production
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Tab. 2 Introduction to space-time evolution method
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Fig. 2 Total carbon emissions and growth rate of grain production in China and regions from 1997 to 2020
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Fig. 3 Total carbon emissions and growth rate of grain production in China's provincial-level regions from 1997 to 2020
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Fig. 6 Kernel density of grain production carbon emissions from 1997 to 2020
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Tab. 3 Regression results of SDM model from a national perspective
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Tab. 5 Decomposition of subregional effect

e X X PP
S - N . N S N
R g4 ELAZAL =4 EEUN (12259
EG 0.0018 -0.0004 -0.0006 -0.0008 ~0.0006 0.0119
(1.40) (=0.18) (-2.02) (=2.54) (=0.31) (1.50)
T4OV - - 0.0207" 0.0307 0.3359™ -0.2312"
(1.65) (1.45) (14.87) (-2.82)
RES —11.7711" 31.7285™ -5.3779" 4.8057" ~13.0367" 46.1485™
(-2.72) (3.55) (-1.57) (0.89) (-2.74) (3.97)
GFI 6.4114 10.2832 2.1765 0.6488 - -
(1.30) (1.09) (1.31) (0.23)
AID - - - - 0.0180 -0.2084"
(0.96) (=3.21)
FC -0.0311" 0.0984" - - -0.0248" -0.1113"
(-1.11) (3.41) (=0.73) (-1.98)
G 46.7902 129.3354 9.8614 56.6290 12.6662 -47.7325
(1.04) (1.25) (0.46) (1.86) (1.00) (=0.76)
NAI -1.8931" 8.2315" -0.4092 —4.6811" 0.7816 3.7739
(-2.93) (2.55) (=0.70) (-6.75) (0.73) (0.86)
LST -22.8996" 31.8371" -4.1095 -3.7142 ~13.2169" 133.1993"
(-2.46) (1.50) (-1.24) (=0.94) (-1.62) (4.11)
7L -23.6301 24.9214 - - -14.8211 10.3733
(=0.74) (0.43) (=0.86) (=0.18)
STI -0.1871"" 0.1791"" - - - -
(~4.44) (2.87)
TRP 0.2417" 0.1925 0.0056 -0.0176 0.4282™ 0.0488
(6.61) (1.57) (0.38) (-0.82) (6.41) (0.57)
PD 7.3935™ -9.7461 -2.6106™ -0.5226 3.1176 17.6796"
(2.89) (-1.55) (=3.06) (=0.35) (0.75) (2.90)
RA -19.4179™ -0.8790 -1.1176' 0.1424 -1.9680" ~15.5187
(-5.28) (=0.10) (-1.69) (0.17) (-1.79) (-1.31)
UB 0.4190 -0.1931 -0.2149 -0.8702 -0.9621 -3.9512"
(0.39) (-0.13) (=0.37) (-1.05) (-1.44) (-2.38)
APS -8.5440™" ~18.4176™ ~1.1756™ -1.2379" -7.2307" -12.5795'
(-3.95) (-3.70) (-2.84) (-2.23) (-3.36) (-1.72)
TGO 0.3584 -0.1640" 0.3850™ -0.0922" 0.6825™ ~0.0980’
(18.52) (-4.35) (12.79) (-1.87) (8.49) (-1.37)
ND - - - - 2.3395™ 1.0089
(5.90) (0.94)
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Dynamic evolution and driving effects of carbon emissions
from grain production in China

ZHANG Qingqing"?, QU Yanbo"*®, ZHAN Lingyun"?, SU Desheng>’, WEI Chuanchen®’
(1. School of Economics, Shandong University of Finance and Economics, Jinan 250014, China; 2. Institute of
Land Science and Policy, Shandong University of Finance and Economics, Jinan250014, China; 3. School of
Public Administration and Policy, Shandong University of Finance and Economics, Jinan 250014, China)

Abstract: Ensuring food security under the "double carbon" goal is an important issue for
China to tackle climate change and build a community of human life. This paper employs the
life cycle assessment method to gauge the grain production carbon emissions in China and its
31 provincial-level regions from 1997 to 2020, and uses the Dagum Gini coefficient, standard
deviation ellipse and kernel density methods to explore the dynamic evolution characteristics. It
further identifies the underlying factors of China's grain production carbon emissions, as well
as their spatio- temporal impacts, under a comprehensive, period- based, and regional- level
decomposition perspective. The results show that: (1) During the inspection period, China's
total carbon emissions from grain production showed an upward trend, with an annual growth
of 1.30%, yet since 2017 it has been in a continuous downward trajectory. Material inputs and
straw burning account for the lion's share of emissions. The total carbon emissions in 2020
amounted to 494.78 million tons. (2) With regard to the three major grain production functional
areas and six grain crop planting system areas, the carbon emissions of grain production in the
main grain production areas, the middle and lower reaches of the Yangtze River and North
China provinces have been in the forefront during the investigation period, while those in the
main grain sales areas have displayed a diminishing trend. (3) The absolute difference of
China's grain production carbon emissions enlarged manifesting as a tendency of high level
convergence and widening of regional disparities. (4) China's grain production carbon
emissions are jointly affected by economic, social, technological, demographic and natural
factors. With gross agricultural output value and gross grain output serving as the key
influential factors, they display negative spatial spillover effects; meanwhile, regional
economic structure, labor saving technology, and agricultural production composition
demonstrate diametrically opposite effects. The stage effect takes the 11th Five- Year Plan
period (2006-2010) as the node, and the driving factors tend to be simplified. In the regional
effect, the driving factors from the main sales area, the main production area to the balanced
production and marketing area tend to be complex. This study provides a theoretical and
methodological basis for promoting green grain production under the "dual carbon" strategy.
Keywords: grain production carbon emission; life cycle assessment; dynamic evolution;
spatial spillover effect



