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Inversion of Black Soil Layer Thickness Based on Multi—-Temporal
High—Resolution Remote Sensing Data and Machine Learning
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(1.School of Geomatics and Prospecting Engineering , Jilin Jianzhu University, Changchun 130118, China; 2.Northeast Institute of
Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China)
Abstract: [ Objective ] This study aims to evaluate the influence of remote sensing data from crop growth periods and
topographic factors on improving the accuracy of black soil layer thickness inversion and mapping. [ Methods] The
study was conducted in a small watershed in Hailun Farm. 8 m high-resolution remote sensing data from both the bare
soil and crop growth periods, SRTM digital elevation model (DEM) data, and in situ soil sampling data were
comprehensively used. Three machine learning models, such as random forest (RF) , gradient boosting decision tree
(GBDT), and extreme gradient boosting (XGBoost) were applied for spatial prediction and mapping. Additionally,
model performance was evaluated using the coefficient of determination (R?*) and root mean square error (RMSE).
[Results] 1) After incorporating remote sensing features from the crop growth period, the inversion accuracy of all
models was significantly higher than that of models using data from the bare soil period alone. Specifically, the R*
values of the RF, GBDT, and XGBoost models increased by 0.09, 0.11, and 0.10, respectively, while RMSE
decreased by 1.15, 1.34, and 1.35, respectively. 2) By adding topographic factors to the integrated models, the

accuracy was further improved. The R? values of the three models increased by 0.03, 0.12, and 0.05, respectively,
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while RMSE decreased by 0.38, 1.49, and 0.81, respectively. 3) The XGBoost model delivered the best performance
across all feature combinations (R*=0.60, RMSE=12.31) , significantly outperforming both GBDT (R*=0.53,
RMSE=13.27) and RF (R*=0.46, RMSE=14.33), and exhibited stronger explanatory power when combined with
topographic factors. [ Conclusion ] This study successfully constructs an 8 m high-resolution map of black soil layer
thickness. The results demonstrate the effectiveness of the “multi-temporal remote sensing + topographic factors +
machine learning” technical paradigm in improving the accuracy of soil property mapping. This provides high-precision
spatial decision-making support for precision agriculture practices, sustainable utilization of black soil resources,
national black soil conservation strategies, and food security assurance.
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Fig. 4 Scatter plots of black soil layer thickness predictions under different feature combinations across models
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