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Changes in Extreme Wind Speed with Global Warming

Focusing on climate-induced changes in winds, Gentile et al. investigate how midlatitude cyclones impact the global distribution of extreme 
wind speed events, defined as those exceeding the climatological 99th percentile, across both hemispheres in a warmer climate. The study 
uses the state-of-the-art GFDL atmospheric climate model AM4, with a grid spacing of approximately 50 kilometers, covering the period from 
1949 to 2019. The authors analyzed scenarios representing present-day climate conditions and an idealized future projection characterized 
by global warming conditions with a uniform sea surface temperature (SST) increase of 2K. The findings of the investigation yield several key 
insights: there is an increase in near-surface extreme wind speeds of up to 3%/K towards the polar regions, while there is a corresponding 
decrease in the midlatitudes. There is a clear trend of midlatitude cyclones associated with extreme wind speeds migrating towards higher 
latitudes. One particularly notable finding is the interaction between midlatitude cyclones and extreme wind events. Despite an overall reduc-
tion in the number of midlatitude cyclones by approximately 4% in the warmer climate, there is a significant increase in the proportion of cy-
clone-associated extreme wind speeds by 10%. This highlights the changing nature of extreme wind occurrences in a warmer climate. Addition-
ally, the study identifies specific regions, such as Northwestern Europe, the British Isles, and the West Coast of North America, as areas of 
heightened concern due to the amplified impacts of cyclone-associated extreme winds in a warmer climate, which in turn has socio-economic 
consequences.  

While the research findings provide critical insights into the complex interplay between midlatitude cyclones, extreme wind events, and clim-
ate change, the authors emphasize the importance of understanding the dynamics of midlatitude cyclones amidst human-induced climate 
change. This understanding is crucial for developing effective climate adaptation strategies and mitigating associated risks. The study also
highlights the importance of extreme wind events in vulnerable areas but it acknowledges limitations, including the simplified assumption of 
uniform SST warming and the overlooked decline in sea-ice cover, which necessitate further examination of the complexities of cyclonic activ-
ity in a warming future.

This map illustrates the percentage change in extreme wind speeds, defined as daily maximum wind speeds (DMWS) exceeding 
the climatological 99th percentile, for each degree of sea surface temperature (SST) warming according to AM4 climate model 
simulations. The analysis reveals how the median of the 99th-100th percentile daily maximum 10-meter wind speeds, correspond-
ing to the 99.5th percentile (v99.5), shifts per degree of  SST warming across both the (a) Northern Hemisphere (NH) and (b) Southern 
Hemisphere (SH) in an idealized warmer climate scenario.
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Differences in simulated ensemble mean TCF trends for 1980-2020

The trends are calculated based on annual TCF numbers, due to (a) the anthropogenic aerosol effect, (b) the anthropogenic greenhouse gas (GHG) effect, 
(c) natural forcing and (d) the combined effect of anthropogenic aerosol and GHG effects. The white dot shows the grid where the ensemble mean tropical 
cyclone frequency (TFC) trends in two experiment suites are statistically different at a 90% confidence interval  based on a two-sided t-test approach. The 
magenta boxes highlight the coastal regions where statistically significant increases or decreases in TCF since 1980 are observed in TC best tracks. 

�

Human activities have been impacting the climate since the Industrial Revolution, with the influence on tropical cyclones (TCs) being a major con-
cern due to its devasting impact upon landfall and relatively high frequency. However, attributing localized changes in tropical cyclone frequen-
cy (TCF) to human-induced climate change is extremely challenging for two main reasons: first, the natural variability of the climate can significant-
ly affect regional TC activities, and second, dependable observations of TCs only exist from the satellite era onwards, providing a limited time-
frame for analysis. Even so, advancements in high-performance computing have led to significant improvements in climate modeling, offering new 
ways to address these challenges. Large-ensemble climate simulations, which utilize multiple runs of a climate model with slightly different initial 
conditions, allow researchers to quantify the natural variability of the climate. This approach helps to isolate the signal of human-induced climate 
change from the noise due to natural variability. Wang et al. used GFDL’s Seamless System for Prediction and EArth System Research (SPEAR) 
model to investigate the connection between human activities and observed changes in coastal TCF around the world. The findings suggest a 
dominant role of human-induced emissions, such as aerosols and greenhouse gases (GHGs), in influencing TCF changes in several regions, includ-
ing the US Atlantic coast, the Hawaii region, the Northeast Asian coast near Japan and Korea, and the South China Sea. The study also showed 
that, since 1980, increases in TCF observed in these areas can be linked to the effects of aerosols and GHGs, with different impacts depending 
on the region. For example, aerosols and GHGs together are associated with TCF increases near Japan and Korea, while GHG emissions alone 
relate to the observed decrease in the South China Sea. Additionally, the research highlights how human-induced climate change can alter large-
scale environmental conditions, leading to changes in coastal TC frequency. This suggests that human activities may have a substantial impact 
on TCF, especially in densely populated coastal regions. It's important to note, however, that this study is based on a single climate model, and
the results might vary with different models. Despite the potential model dependency, the findings provide compelling evidence that the observed
changes in TCF in various coastal regions over the last 40 years can be largely attributed to human-induced climate change. The process is 
mainly through the mechanism of regional warming and its influence on atmospheric circulation patterns that, in turn, affect TC genesis and steer-
ing conditions. The research highlights the importance of understanding and quantifying climate change effects on the occurrence of coastal TCs.  
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