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Abstract The rapid growth of the urban population and the looming threat of climate change
has prompted a stronger focus on the identification of optimal strategies to make our cities more
sustainable and resilient. Being able to understand and predict how the urban form and its
materials properties affect the exchange of momentum, heat, moisture, and gases with the
atmosphere is key towards the development of these strategies. These exchanges are regulated by
the interaction of the urban environment with atmospheric winds, which takes place over a wide
continuum of temporal and spatial scales and poses a formidable challenge our conceptual
understanding and ability to model it. This presentation will discuss the dynamics of flow within
idealized and realistic urban environments, delving into persisting challenges from both a
theoretical, numerical, and observational perspective, and outlining ongoing research efforts
aimed at addressing these challenges. The focus will be on the dynamics of canopy flows,
structural changes in canopy flow turbulence induced by surface heterogeneity and flow
unsteadiness, and the impact of surface uncertainties on model predictions.
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