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Assessment of greenhouse gas emissions and changes in China’s crop farming sector,2000 to 2020

LI Yuan"?, ZUO Lijun"

(1.Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100101, Chinaj; 2. University of Chinese Academy of
Sciences, Beijing 100049, China)

Abstract: Agriculture ranks as the second-largest global source of greenhouse gas (GHG) emissions. Evaluating the total carbon
emissions, structural composition, and spatiotemporal patterns holds critical significance for promoting sustainable agriculture and
achieving emission reduction targets. This study established a GHG (CO,, CHi, N2O) accounting framework for crop production through
literature analysis and IPCC inventory methodology, systematically quantifying provincial-level emissions in 2000, 2010, and 2020 while
analyzing emission trends, source structures, and spatial dynamics. Key findings revealed an initial increase followed by decline in China’s
agricultural GHG emissions from 2000 to 2020, with CO, contributing the largest proportion (38.39%—45.48%). Rice cultivation, nitrogen
fertilizer production, and field management constituted primary emission sources, peaking at 470.841 1 million metric tons CO>—eq in 2010
(77.52% of total emissions), their relative contribution had gradually decreased. Provincial emissions exhibited minimal temporal
fluctuation but substantial spatial heterogeneity, demonstrating a low north—high south, low west=high east distribution pattern. Due to
disparities in agricultural development levels and cropping preferences, emission compositions varied among provinces, categorized into
four types: rice=driven, nitrogen fertilizer—-dependent, machinery—intensive, and land —use—change emissions. In southern regions, CH,
emissions from rice cultivation dominated greenhouse gas sources, while in the northwest, agricultural machinery use constituted the

primary emission source. Temporally, emissions display concentrated increased in central and southern regions, declined in the southeast
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and northeast, and a rising trend in the northwest. The results can provide refference for policy—making in respect of carbon emissions in

China’s crop planting.

Keywords: crop farming; greenhouse gas; emissions estimation; spatiotemporal variation; emission reduction strategy
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Table 2 Emission factors for changes in arable land types in the
corresponding years(t-hm™)

i":/féj\ EF’]..;\ND
Year C-W W-C C-G G-C C-RW RW-C C-O0 0-C
2000 -618.1 618.1 -79.8 79.8 165.8 -1658 70.5 -70.5
2010 -608.8 608.8 -70.5 70.5 175.1 -175.1 79.8 -79.8
2020 -599.7 599.7 -61.4 614 1843 -1843 889 -889
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Note: C represents cropland, W represents woodland, G represents

grassland, RW represents water and residential areas, and O represents
other lands. X-Y indicates the change from land use type X to land use type
Y. Due to varying soil carbon content each year, emission factors differ

slightly across years, values are referenced from the study by Yu et al™.
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Table 3 Parameters related to various types of energy

REVEZEH Type of energy  £/(kJ-kg")  f™/GC-TI")
5 20 908 26.37 0.93

i3 28 435 29.50 0.93

VA 43070 18.90 0.98

oSl 43 070 19.60 0.98

Sei 42652 20.20 0.98

SRR 41816 21.10 0.98

1 — — —

TE S BRI Rl 52 B 4 S AR AL, S 56 A L A U5 1 Bk
SRR BE IR Bt SR AL D

Note: " is the average low calorific value of the corresponding
energy type,f."" is the carbon content of the energy , and £ is the carbon
oxidation factor of the corresponding energy.
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Figure 1 Structure of greenhouse gas emission sources from crop

production in China in 2000, 2010, 2020
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Y 2021) 8o, ] XL I A R T FR R 2000 45 1Y)
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ZERIEAR —F, 2000 43 %= ARHEE A 14 802.79
T, 7 AHE R 1Y 26.48% , 2000—2010 4 AR 4R 77
P HECR BT T 8.89%, EFF T 1315.61 Jit. {HF]
2020 4F, HoAHEm Rt BT T %, B 2 12 558.64 T t,
322000 4 A HE R IR T 15.16% , 3% 5 e [ T 40k
St A NE 2R K 5 OGP,

A P PRHE 3[Rt 2 EE 2 A HE IR =2 — , HEiL
N0 B 2 T T Rk s . AR A A
PRHE A4S B AR OR RO R 4, b B HE
JCRAR S BB 2RI, 5 KA S 5T 25
RILAR 5, 200044 H EHHE N0 58 7 777.11
T t, o5 A FHHER B (10 403.45 T3 t) 1Y 74.76% 52010
A A FHHERL NLO BN 11 224.66 T3 t, i AL IR =
SR B HE Y 18.48%, H 2000 4F T T 7.89%, H.

%4 2000,2010.2020 F£ K EFE N FRESEHN=E
Table 4 Greenhouse gas emissions from crop production in China in 2000,2010, and 2020

i co. CH. N:0 HEML B 1R
Year Fk(10° 1C0s—eq) i b JtE (10° tCO—eq) o Fdt(10° 1C0s—eq) i b (10° tCOx-eq)
Total amount Percentage/% Total amount Percentage/% Total amount Percentage/% Total emission
2000 4 2.15 38.39 2.30 41.22 1.14 20.40 5.59
20104 2.60 42.75 2.23 36.77 1.24 20.47 6.07
2020 4F 2.68 45.48 2.17 36.73 1.05 17.79 5.90
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Figure 2 Greenhouse gas emissions by province in China in 2000,2010, 2020
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Figure 3 Structure of greenhouse gas emissions from crop production in Chinese provinces
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