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Improving Digital Mapping of Soil Salinity Through Hybrid Preprocessing of Imbalanced Data
Zahra Rasaei !, Fereydoon Sarmadian *, Azam Jafari
1Soil Science Department, Faculty of Agricultural, University College of Agriculture and Natural Resources, University of Tehran, Karaj,
Iran
250il Science Department, Faculty of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran

Abstract

Digital Soil Mapping (DSM) is an effective tool for monitoring and assessing soil salinity. However, electrical
conductivity (EC) data often exhibit highly imbalanced and skewed distributions. This issue is clearly observed
in the semi-arid to arid region of Abyek, Qazvin, Iran, where nearly half of the 280 collected soil samples are non-
saline, while the saline samples show severe skewness. To address this imbalance, three preprocessing approaches
were evaluated: logarithmic transformation, synthetic minority oversampling (SMOTE), and a combination of
both. After validating model performance, salinity distribution and uncertainty maps were generated. The model
using the combined approach yielded the best results (R2 = 0.93, nRMSE = 0.30), representing a 44% increase in
Rz and a 2.81-unit reduction in nRMSE compared to the model based on the original data (R2 = 0.49, nRMSE =
3.11). Moreover, the combined method significantly reduced predictive uncertainty. These findings highlight the
importance of data preprocessing in modeling soil salinity with imbalanced datasets and represent a valuable step
toward producing more accurate salinity maps for precision land management.

Keywords: Imbalanced distribution, Soil salinity, Arid and semiarid, Bootstrap



