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Abstract Methane is an important greenhouse gas, and rice cultivation is one of the major anthropogenic
sources of methane emissions. Traditional ground-based observation means are limited by spatial coverage
and temporal continuity, making it difficult to effectively capture the dynamic process of agricultural
activities, and observations from satellites provide a new perspective for precisely analyzing the temporal
and spatial evolution of methane concentration. The Tropospheric Observatory Projector (TROPOMI), as a
new type of sensor mounted on the Sentinel-5P satellite, has a high spatial resolution of 5.5 kmx7 km and a
near real-time observation capability. In this study, we innovatively combined STL time series decomposition
with seasonal variation characteristics and K-means clustering method to comprehensively analyze the
characteristics of spatial and temporal variations of methane concentration in the Chinese region from 2018
to 2022, and categorized the seasonal variations of methane concentration in the Chinese region into four
types of modes, and explored in depth the interconnections between these modes and rice cultivation
(planting density and planting pattern). The study shows that the spatial distribution of methane concentration
in China fits well with the main rice production areas, and generally exhibits a gradient characteristic of
decreasing from the southeast coast to the northwest inland, with methane concentration increasing year by
year during 2018-2022, and the four-year average increase of methane in most of the provinces is above 0.6%.
In addition, the relationship between the four main seasonal modes (single-peak, double-peak, triple-peak
and multi-peak) and the rice planting density and planting pattern in different regions was revealed for the
first time, reflecting that regional rice planting is a determining factor for the seasonal variation characteristics
of methane.

Key Words Methane, Seasonal modes, Rice Cultivation, TROPOMI, K-means
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Fig. 1 Determination of optimal cluster number for seasonal methane emission patterns using the Elbow
Method (black line) and Silhouette Score (red line).
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Fig. 2 Spatial distribution of methane column concentrations over China retrieved from TROPOMI (May
2018—April 2022).
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Fig. 3 Spatial distribution of the average growth rate of regional methane in China for the period May 2018
to April 2022.
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Fig. 4 Typical four-category modality of Chinese regions obtained from K-means cluster analysis based on
methane from 2018 to 2022.
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Fig. 5 Overlay of seasonal spatial modal distribution of methane column concentration with five-year

average proportion of rice cultivation in China.
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Table 1 Classification of rice cultivation patterns by provinces and cities in China
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Fig. 6 Plot of the seasonal terms of the first type of modal time series decomposition with a single-peaked
distribution. The black vertical dashed line in the figure represents December of each year, and the red
vertical dashed line represents the three-month interval, March, June, and September, in that order.
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distribution.
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