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An analysis of dominant aerosol patterns and their covariance with

wind in Al-Baha Province, Kingdom of Saudi Arabia,

using a geospatial statistical framework

Abstract

Objectives: While aerosol patterns vary significantly across the King-
dom of Saudi Arabia, the spatial characteristics of aerosols in the Al-Ba-
ha Province remain poorly understood. This is further reinforced by
the province’s diverse natural environments, its importance as a major
summer tourism destination, and its location within a geographical
setting that stimulates localized variability in aerosol distribution. The
study aims to address this gap by identifying the dominant spatio-
temporal patterns of aerosols and evaluating the role of surface wind
(speed and direction). Method: Using aerosol optical depth data and
surface wind data collected between 2000 and 2024, the study adopt-
ed a geospatial statistical framework that incorporates principal com-
ponentanalysis to extract dominant spatial patterns and their temporal
evolution, and maximum covariance analysis to investigate the cou-
pled variability between aerosols and wind. The study employed two
analytical configurations to assess the roles of wind speed and wind
direction within a spatial context. Results: Three dominant aerosol
patterns were detected correspond to the eastern, western, and central
parts of the study area, with peak aerosol activity occurring in spring,
summer, and July, respectively. These patterns closely reflect the re-
gion’s topography, highlighting the role of terrain in shaping aerosol
patterns. Aerosol patterns were highly aligned with the seasonal wind
climatology, and wind direction played a greater role than wind speed,
in addition to the notable role of diurnal variability in wind characteris-
tics. Conclusion: These findings contribute to proactive environmen-
tal and public health planning, and the employed framework can be

adapted for other regions in the Kingdom.
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