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Climate change and soil moisture reduction are significant challenges in water
resource management, food security, and environmental sustainability. This study
investigates the changes in the average monthly soil moisture values at the
geographical location of the Eslamabad Synoptic Station in Kermanshah province
utilizing MERRAZ data, historical (1991-2014), future scenarios data (SSP1-2.6,
SSP2-4.5, and SSP5-8.5) from all CMIP6 models (rlilplfl run) across three
future periods: near (2026-2050), mid (2051-2075), and far (2076-2100). The
Random Forest (RF) machine learning algorithm was utilized for downscaling
and identifying the most effective soil moisture models from CMIP6 (achieving a
total accuracy of 98%) by employing a Recursive Feature Elimination method in
combination with k-fold validation. Out of 12 available models, 5 achieved an
accuracy of 98% in predicting soil moisture. The MRI-ESM2-0 model was
identified as the top model, with an accuracy of 87%. The other top 4 models
collectively increased the final accuracy to 98%. RF evaluation confirmed its
precise performance with metrics such as the Nash-Sutcliffe (0.98 for training and
0.78 for testing) and low error values (MAD = 0.01, MAE and MBE equal to
zero). The results indicated a significant decrease in soil moisture during the
future periods. A short reduction of 0.02 to 0.04 mm is projected for August and
winter. In the mid and far future, a decrease of 0.03 to 0.05 mm under SSP5-8.5 is
projected for most months. The annual trend indicates a decrease with rates of -
0.0002 mm per year shortly under SSP2-4.5 and SSP5-8.5. At the same time, the
SSP1-2.6 scenario predicts a trend of -0.0007 mm per year for the mid future. The
results of this study are of particular environmental sustainability significance, as
future soil moisture reduction could lead to increased water stress, decreased
agricultural productivity, and pose a threat to regional food security.
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