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The impact of soil salinization on agricultural lands in Al-Muthanna

Governorate using machine learning techniques and CMIP6 scenarios
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Abstract:[_]

Soil salinization is one of the most significant challenges threatening the sustainability of agriculture in
Muthanna Governorate, where natural factors—such as a dry climate and high evaporation—interact with
human factors, including poor water resource management and inadequate drainage networks. The study
integrated field data (135 soil samples) with satellite imagery (Sentinel-2, Landsat 8) and employed machine
learning algorithms (Random Forest, SVM), weighted geographic regression (GWR) models, principal
component analysis (PCA), structural equation modeling (SEM), spatial simulation models (CA Markov), and
CMIP6 climate change scenarios to predict soil conditions through 2050. The results demonstrated the
superiority of the Random Forest algorithm in mapping salinity with an accuracy of 94.2%; Al-Khader District
recorded the highest average salinity (22.45 dS/m). The GWR model indicated that a 1 dS/m increase in salinity
leads to a 3.8% loss in wheat productivity above the 4.5 dS/m threshold. PCA analysis revealed that human and
hydrological factors contribute 42.27% to the salinization phenomenon, surpassing natural factors. The CA
Markov model predicted a 65.6% expansion of highly saline lands by 2050 under the SSP5.8.5 scenario. The
study provides an integrated framework combining remote sensing, machine learning, and future modeling to
support adaptation and land reclamation policies. It also offers accurate predictive tools to inform decision-
making for land reclamation and enhance adaptation to climate change, thereby ensuring food security in the
governorate
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