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Abstract

The present study aims to investigate the spatial pattern of extreme daily thunderstorm precipitation events (>10
mm) across the Lake Urmia region during the 2015-2024 period. To achieve this, daily precipitation records from
16 synoptic meteorological stations were assembled, and widespread thunderstorm events were identified using
three simultaneous criteria: temporal concurrence of occurrence, extreme-intensity threshold, and spatial coverage.
To address the limitations of interpolation over the lake surface, high—spatial-resolution (4 x 4 km) PERSIANN
satellite precipitation products were subsequently extracted and processed for the same selected event days.

To uncover the dominant spatial configurations, a hybrid statistical-geospatial analytical framework was
employed, consisting of third-quartile and standard-deviation diagnostics of raster precipitation fields.
Furthermore, principal component analysis (PCA) was applied to the covariance matrix of the satellite-derived
datasets to elucidate the spatial structure of the events.

The results reveal that the southern and southwestern sectors of Lake Urmia receive the highest amounts of extreme
thunderstorm precipitation, whereas the eastern, northeastern, and especially northern sectors experience the
lowest totals. The temporal distribution of the detected thunderstorm events is predominantly springtime (March—
May), followed by secondary occurrences during winter (December—February). The integrated methodology
adopted in this study effectively captures the spatial heterogeneity and dominant widespread patterns of
thunderstorm precipitation with greater precision than ground-station-only analyses. These findings provide
valuable insights for regional climate-change monitoring, the refinement of precipitation modeling systems, and
planning initiatives aimed at the ecological restoration of Lake Urmia.
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