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Estimation of Topsoil Organic Carbon Density and Its
Spatial-temporal Changing in China

WANG Xinting'?  SU Wei'”?
(1. College of Land Science and Technology, China Agricultural University, Beijing 100083, China
2. Key Laboratory of Remote Sensing for Agri-Hazards, Ministry of Agriculture and Rural Affairs, Beijing 100083, China)

Abstract; Soil organic carbon (SOC) plays a crucial role in the global carbon cycle, and with the
influence of global climate change and human activities, soil organic carbon density is constantly
changing. A soil organic carbon density ( SOCD) estimation method was proposed based on climate
regionalization and a random forest model. It also developed a SOCD product with a long time series from
the 1980s to 2020s and a spatial resolution of 1 km. The spatial heterogeneity and evolution patterns of
SOCD in China from the 1980s to the 2020s were analyzed. Using Landsat series satellite images,
elevation data, meteorological data, and measured SOCD data, a digital soil mapping method based on
the random forest model was constructed to estimate the spatio-temporal distribution of 0 ~20 c¢m surface
SOCD in China. The results showed that the prediction accuracy of the model considering climate zoning
(R>=0.55, RMSE was 2. 19 kg/m’) was better than that of the global model (R* =0.46, RMSE was
2.36 kg/m”). Meteorological factors had a significant impact on SOCD. Increasing temperature would
accelerate the metabolic rate of microorganisms, promote the decomposition of soil organic matter, and
lead to the increase of soil organic carbon release. Precipitation had a direct effect on soil water status,
and suitable soil water content was conducive to SOC accumulation. At the same time, through
verification with the measured data of the Heihe River basin, a high consistency was achieved between
the model estimation results and the measured data (R* =0. 69, RMSE was 2. 01 kg/m2 ). The research

result can provide a scientific basis for the accurate estimation and analysis of SOCD in China and it had
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important guiding significance for optimizing agricultural practice, improving soil carbon sink function,

and realizing the national “ double carbon”

goal, which was conducive to promoting sustainable

agricultural development and ecological environmental protection.

Key words: soil organic carbon density; random forest model; spatial heterogeneity; temporal and

spatial variation
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Tab.1 Covariates used to predict soil organic carbon density
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5B % ( Profile curvature, Pr_c, m~') 500 m Static
P A T ; ; . . ;
i I U BE 46 %% ( Topographic wetness index, TWI) 500 m Static
ST LR B 52 (Analytical hillshading, AH, (°)) 500 m Static
0] 18 W) 4% 5L v 1] ( Channel network base level, CNBL, m) 500 m Static
7] 38 [ % 15 25 ( Channel network distance, CND, m) 500 m Static
i J¥ ( Temperature, Tem, C) 1 km 1985—2020 4
RAT K 7K & ( Precipitation, Pre, mm) 1 km 1985—2020 4F
i + & & (Clay content, Clay, g/kg) 250 m Static
T EHT B & i (Silt content, Silt, g/kg) 250 m Static
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Tab.2 Statistical characteristics of soil organic

carbon samples in different periods

CUROMAS P RO bR/
M Bk . . . .
(kgrm ) (kgrm™2) (kgom™2) (kgem~?)
AR 9746 0.0015 4.152 26.584 3.253
1980s 2447 0.046 5 4.033 23.149 3.364
2000s 3092 0.0015 4.261 23.746 3.264
2010s 4207 0.1005 4. 140 26.584 3.177
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Fig.3  Correlation of optimized features for SOCD estimation
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