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ABSTRACT

Urban air pollution poses a significant challenge, adversely affecting environmental
quality, public health, economic development, and the comprehensive management of
urban areas. Among various pollutants, particulate matter (PMio) stands out as one of
the most critical air pollutants due to its health risks, particularly in major
metropolitan centers such as Riyadh. Given the seasonal fluctuations in PMio
concentrations, there is a pressing need for spatiotemporal modeling and the
identification of high-risk areas to support mitigation strategies and minimize health
impacts. The study aimed to model the spatiotemporal distribution of PMio and
generate risk maps for Riyadh using four machine learning algorithms within a
Python programming environment: Random Forest (RF), Extreme Gradient Boosting
(XGBoost), k-nearest neighbors (k-NN), and Support Vector Machine (SVM).
Seasonal averages of PMio concentrations were calculated for winter, spring, summer,
and autumn to serve as the dependent variable. A set of independent variables,
derived from remote sensing and geographic information systems (GIS) data, was
incorporated. These included temperature rates, relative humidity, wind speed,
precipitation, dust storm frequency, Soil-Adjusted Vegetation Index (SAVI),
Enhanced Built-up and Bare Land Index (EBBI), population density, road network
density, and distance to industrial areas. These variables were also aggregated at the
seasonal level. The findings further indicated that the highest risk of PMio exposure,
as predicted by both the Random Forest and XGBoost models, occurred during
summer and autumn (equally), followed by spring, with winter presenting the lowest
risk levels. These results underscore the effectiveness of machine learning models in
capturing the seasonal dynamics of pollution and offer valuable tools for air quality
management in urban environments.

Keywords: Pollution, Air Quality, Fine Particulate Matter (PM10), Spatio-temporal
Modeling, Independent and Dependent Data.
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