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Spatiotemporal characteristics and reduction approaches of methane emissions
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(1. Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2. Center for Carbon Neutrality in Agricul-
ture and Rural Region, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Rice is the main staple crop in China and methane (CH,) is the second most important greenhouse gas worldwide. There-
fore, it is important to reduce CH, emissions from paddy fields. Based on national statistical data and literature collection, we calcu-
lated and analyzed the spatial and temporal characteristics of CH, emissions at the rice sown-area scale and yield scale in China from
2001 to 2018 and further summarized the key processes and main influencing factors of CH, emissions. The results of this study

showed that the total sown area of rice and area-scaled CH, emissions from rice fields in China showed an overall trend of first de-
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creasing, then increasing, then decreasing again from 2001 to 2018; however, yield-scaled CH, emissions in all regions showed a de-

creasing trend. CH, emissions from rice fields mainly included three processes of production, oxidation, and transport, which were

mainly influenced by rice varieties, soil characteristics, climatic conditions, and agronomic measures. Owing to the influence of rice

sown areas, area-scaled CH, emissions from paddy fields in China were high in the southeast and low in the northwest, and yield-

scaled CH, emissions were high in the south and low in the north. Based on the above findings, this study suggested reducing CH,

emissions by applying a new rice cultivar, cropping mode, and products with high yield and low CH, emissions. Given the regional

characteristics of CH, emissions in China, this study first proposed the selection of rice cultivars with high yield and low CH, emis-

sions and the application of aerobic dry tillage and water-control irrigation in the southern plain region, biochar and lime in the south-

ern hilly region, and aerobic dry tillage and partially alternative urea with ammonium sulfate in the northern rice cropping region. Fi-

nally, some suggestions were put forward related to science, technology and policy innovations for CH, emission reduction to provide

important references for achieving the win-win target of high yield and low CH, emissions.

Keywords: Rice fields; Methane; Emission characteristics; Emission reduction pathways; Carbon neutrality
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Table 1 Methane emission factors from different types of rice fields in different regions of China

kg-hm™

PAZERE Single cropping rice

WZEHLAE Double cropping early rice

WM AE Double cropping late rice

B PR RIR R JRAREL RORGT Rl BERl RO Rl
Region Recommended Minimum Maximum Recommended Minimum Maximum Recommended Minimum Maximum
value value value value value value value value value
£t North China 234.0 134.4 341.9
1E7K East China 215.5 158.2 255.9 211.4 153.1 259.0 224.0 143.4 261.3
4P HI4EFS Central and South China  236.7 170.2 320.1 241.0 169.5 387.2 2732 185.3 357.9
ViRg Southwest China 156.2 75.0 246.5 156.2 73.7 276.6 171.7 75.1 265.1
%4t Northeast China 168.0 112.6 230.3
P4t Northwest China 231.2 175.9 319.5

edu i, KE, WL, P, ASEEEE . BIRK); ARG LI, TOR WL, Rk A VI, RS (); B R

m. WAL, MR AR AR )P R AR, PR EITEIR. DI, SN, mE. PO . AR ARJLEAT

AR, RIS

A HALERERE . HON . FE . TE . OFEEE(AIAX). AP F R T 200545 % b R HF A MU B VRS AR N0 )it K- . fg H
KATERTE . RS R R A 7 1K KR B ) %545 8] . North China includes Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia; East China includes
Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong; Central China includes Henan, Hubei, Hunan; South China includes Guangdong, Guangxi,
Hainan; Southwest China includes Chonggqing, Sichuan, Guizhou, Yunnan, Tibet; Northeast China includes Liaoning, Jilin, Heilongjiang; Northwest China
includes Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang. This emission factor was obtained based on the average level of organic fertilizer (including crop straw

and farmyard manure) application, paddy moisture management practices, climatic conditions, and rice productivity levels (rice yields) in paddy fields in each region in 2005.
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Fig. 1 Rice sown areas in different regions of China from
2001 to 2018
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Fig. 2 Total CH, emission (a) and yield-scaled CH, emission (b) from rice fields in different regions of China from 2001 to 2018
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Fig. 5 Main technical approaches for the win-win target of high rice yield and less methane emission
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