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Wildfires are among the most destructive natural hazards worldwide, causing severe environmental, economic, and societal losses. One of the most dangerous wildfire spread mechanisms involves firebrands. Firebrands are burning or smoldering embers generated from vegetation or structures that are lofted by the flow, transported ahead of the main fire front, and capable of igniting new fires upon landing. Firebrand spotting enables fires to propagate rapidly, often overwhelming suppression efforts and posing direct threats to lives and infrastructure in wildland–urban interface (WUI) regions. 
Despite extensive experimental, numerical, and field studies, a fundamental gap remains in understanding how firebrand transport and deposition are influenced by urban topography. Urban environments introduce complex flow features, including enhanced turbulence, flow separation, and wake interactions, which can significantly alter firebrand trajectories and landing patterns. Prior studies have often represented urban areas using simplified roughness parameterizations or have focused on a limited set of configurations, leaving the roles of key geometric parameters (e.g., building height, density, and arrangement) poorly explored. Moreover, most existing work emphasizes airborne transport while largely neglecting post-landing firebrand behavior.
This study addresses these gaps through a computational investigation of firebrand transport and deposition in idealized urban environments. Large-eddy simulations are employed to resolve turbulent flow structures over a suite of urban configurations, while a Lagrangian particle-tracking framework is used to model the trajectories of large ensembles of firebrands whose mass, size, and temperature evolve during transport. The primary objective is to improve physical understanding of how topography-driven turbulence influences firebrand dispersion, trajectory, and deposition characteristics. The results provide mechanistic insight into firebrand spotting processes in urban settings and contribute to improved predictive understanding relevant to wildfire risk mitigation in the WUI.

