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With the occurrence of super-typhoon Haiyan (2013, 170kts) of intensity far exceeded the regular category-5 Tropical Cyclones (TCs) and its catastrophic damage, more than 10 years ago, Lin et al. 2014 proposed the need of adding Category ‘6’ to the Saffir-Simpson TC scale. Since then, there has been more and more such extreme Category ‘6’ TCs (here defined as > 160kts in 1-min maximum sustained wind speed) occurring globally (Lin et al. 2021; Wehner and Kossin 2024). Notable cases include current global TC-record holder Hurricane Patricia (185 kts), Super-Typhoon Goni (170kts), Hurricane Melissa, and more. It is about time to ask whether these Category ‘6’ TCs are indeed different from the traditionally-known Category 5 TCs (here defined as 137 to <160kts). If so, are the environmental conditions between Category ‘6’ vs. Category 5 TCs differentiable? Also, is it from the thermal-dynamic (e.g., sea surface temperature, upper ocean heat content) or the dynamic conditions (e.g., Vertical Wind Shear, Ventilation Index)? Here we conduct systematic exploration comparing all Category ‘6’ vs. Category 5 cases in the past 4 decades (1982 -2024). We find that distinction indeed exists, and is mainly from the thermal-dynamic aspect. Not only sea surface temperature (SST), much higher sensitivity is found in the upper ocean heat content (OHC). As for the dynamic conditions, Category 5 vs. ‘6’ TCs have similar vertical wind shear (both favorably low) while the entropy deficit is also both favorably similar. As a result, the main distinction in the Ventilation index is from the thermal-dynamic contribution (i.e. the Potential intensity term). With these environmental conditions jointly considered holistically, we develop a new method to identify Category ‘6’ hot spots, for both climate application as well as seasonal forecast. Comparing the recent decade vs. 1980’s, hot spot region has increased by ~ 11% in the northern hemisphere. The northern hemisphere main hot spot expansion locations are found in the Gulf of Mexico, the North Atlantic and the western North Pacific Further analysis reveals that this increase is contributed by both long-term warming and natural variability and quantitative estimation suggests that the long-term globally warming contributes to ~ 40-70% while the rest is from the natural variability, though region dependence exist.
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