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Evaluating the Influence of Data Imbalance on Accuracy and Spatial Autocorrelation in Soil Organic
Carbon Modeling
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Abstract

Data imbalance in environmental datasets presents a significant challenge in the spatial modeling of soil
properties, particularly soil organic carbon (SOC). This study explores the effect of data balancing on model
accuracy and the spatial structure of residuals across a 60,000-hectare area in the Qazvin Plain, Iran. A total of
280 surface samples (0-30 cm depth) were analyzed for SOC content, alongside a suite of environmental
covariates including topographic metrics, vegetation indices, soil moisture parameters, and climatic variables.
Key predictors were identified using recursive feature elimination (RFE), and random forest (RF) models were
implemented under two scenarios: imbalanced data and balanced data via the synthetic minority oversampling
technique (SMOTE). Model performance was evaluated using root mean square error (RMSE), coefficient of
determination (R?), and Moran’s I index of spatial autocorrelation. The SMOTE-adjusted RF model exhibited
improved predictive accuracy (RMSE = 0.3, Rz = 0.60) relative to the imbalanced case (RMSE = 0.4, Rz = 0.40).
Moreover, Moran’s I for model residuals dropped substantially from 0.30 to 0.03 following data balancing.
Correlogram analysis corroborated this reduction, indicating weakened spatial structure in residuals. These results
highlight the value of statistical data balancing in enhancing both numerical precision and spatial consistency in
SOC prediction models.

Keywords: Moran’s I, SMOTE, Spatial modeling



