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PM2.5 particulate matter represents one of the most critical environmental
challenges globally, with far-reaching impacts on human health, quality of life,
and ecosystem functionality. In this study, the MERRA-2 dataset—covering the
period from 1983 to 2023—was utilized to analyze the long-term behavior and
spatiotemporal patterns of PM2.5 concentrations during the months of April,
May, and June.The research was conducted in three phases: Preprocessing and
Preliminary Analysis: Initial steps involved data cleaning, reconstruction, and
exploratory analysis to prepare the dataset for spatial modeling. Spatial
Distribution and Trend Analysis: The spatial distribution and temporal trends of
PM2.5 were examined, along with their correlations with climatic and
environmental variables. Modeling with Random Forest Algorithm: PM2.5
concentrations were modeled using the random forest algorithm to assess
predictive accuracy and spatial representation. The spatial analysis revealed that
the highest concentrations of PM2.5 occurred in the southwestern regions of the
country, while the lowest levels were observed in the northwest. Trend analysis
showed a significant positive trend in PM2.5 levels in southwestern areas—
particularly in parts of Khuzestan Province—with increases exceeding 4 Mg/m?
in April and May, and over 5 Mg/m? in June. The random forest model
demonstrated strong performance in spatial modeling of PM2.5. The coefficient
of determination (R?) values for environmental parameters were 0.87, 0.88, and
0.98 for April, May, and June, respectively. For climatic parameters, the R2
values were 0.86, 0.98, and 0.97. These results confirm the robustness and
suitability of the random forest algorithm in capturing the spatial and temporal
dynamics of PM2.5 concentrations.
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