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[image: ]Abstract: Climate change is contributing to an increase in the frequency of severe storms, including thunderstorms. Global warming and the increasing amount of water vapour in the atmosphere contribute to the intensification of these events. While these events become a major issue globally, extending from the mid latitudes – where they have been mainly documented – to all over the globe, they are very localized events – happening at very small spatial scales and lasting a few tens of minutes. These characteristics make them particularly challenging to monitor and investigate at full scale using conventional anemometric instruments.
The recent deployment of a comprehensive wind-monitoring network across the northern Mediterranean has opened new opportunities to investigate these phenomena in unprecedented detail. Multiple anemometers enable the analysis of spatial and temporal correlations between measurements, providing insights into the evolution and propagation of thunderstorm outflows. In parallel, the deployment of remote-sensing instruments, such as LiDARs, offers new opportunities to investigate their three-dimensional structure and evolution. Nevertheless, several fundamental aspects of thunderstorm winds remain difficult to resolve through full-scale observations alone. To overcome these limitations, wind engineering research relies on physical modelling in specialized experimental facilities. In recent years, experiments conducted at the WindEEE Dome at Western University, Canada, have investigated the three-dimensional interaction between downburst outflows, the background atmospheric boundary layer (ABL) flow, and storm translation. Subsequently, an experimental campaign at the Jules Verne Climatic Wind Tunnel at CSTB in Nantes, France, explored the role of thermodynamic effects in thunderstorm outflows, which in nature are strongly influenced by the interplay between atmospheric dynamics and thermal processes, particularly in a warming climate. By combining full-scale observations with controlled laboratory experiments, this lecture will provide an overview of current approaches to the physical characterization of thunderstorm winds, highlighting the mechanisms governing their spatial and temporal evolution. The ultimate goal is to improve our understanding of these extreme wind events and their implications for the natural and built environment, supporting the development of more physically sound approaches to assess their actions and impacts.
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