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Abstract

Using satellite derived wind speed estimates from tropical cyclones over the 25-year period
1981--2006, Elsner et al. (2008) showed the strongest tropical cyclones getting stronger. They related
the increasing intensity to rising ocean temperatures consistent with theory. Oceans continued to warm
since that paper was published so the intensity of the strongest cyclones should have continued upward
as well. Here I show that this is the case with increases in the upper quantile intensities of global
tropical cyclones amounting to between 3.5 and 4.5% in the period 2007--2019 relative to the earlier
base period (1981--2006). All basins individually show upward intensity trends for at least one upper
quantile considered with the North Atlantic and Western North Pacific basins showing the steepest and

most consistent trends across the quantiles.

Capsule Summary: The strongest tropical cyclones have continued to get stronger consistent with

theory and with the findings published in Elsner et al. (2008).
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Forum

Science is validated through predictions. Using satellite-derived wind speed estimates from tropical
cyclones over the 26-year period between 1981 and 2006, Elsner et al. (2008) showed that the
strongest tropical cyclones worldwide were getting stronger. They related this increase in tropical
cyclone intensity to a corresponding rise in ocean temperatures consistent with theory (Emanuel
1988). The oceans have continued to warm since that paper was published so I would anticipate that

the upward trend in the intensity of the strongest tropical cyclones has continued.

To check on this I consider all global tropical cyclones with wind speeds of at least 33 m/s occurring
over the six basins. I divide the data into two epochs; the period 1981--2006 corresponding to the
years used in Elsner et al. (2008) and the period 2007--2019 corresponding to the 13 years following
that publication. The data are three-hourly estimates of the wind speed maximum made by forecast
operational centers and compiled by IBTraCS (Knapp et al. 2010, 2018). Note that the 'data’ used in
Elsner et al. (2008) are regression-estimated intensities from satellite imagery so the wind speed and
trend magnitudes are not directly comparable due to the 'regression-to-the-mean' effect. However, to
be consistent with the earlier work I use the single highest wind speed over the lifetime of each
tropical cyclone. I compute quantile wind speeds over the two distinct epochs and quantify the change
in these quantile wind speeds in terms of the percentage increase from the earlier base period

(1981--2006).
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I note that the 75th percentile highest wind speed for the set of global tropical cyclones having lifetime
highest wind speeds of at least 33 m/s has increased by 4% from 61.7 m/s during the earlier period to
64.3 m/s during the later period. Further I note that the 90th percentile wind speed has increased by
3.6% and the 95th percentile wind speed has increased by 4.3% from 72 m/s during the earlier period
to 75.2 m/s over the later period. All six basins individually show upward intensity trends for at least
one upper quantile with the North Atlantic and Western North Pacific basins showing the steepest and

also the most consistent trends across the spread of quantiles examined (Figure 1).

For example, the 95th percentile wind speed for the set of Western North Pacific typhoons increased
by 6.4% from 74.6 m/s during the earlier period to 79.7 m/s during the later period. While the 95th
percentile wind speed for the set of North Atlantic hurricanes increased by 4.8% from 72 m/s during
the earlier period to 75.6 m/s during the later period. The largest percentage increase across the basins
and quantiles is 7.4% for the 75th percentile wind speed over the Western North Pacific. The largest
percentage increase in the Southern Hemisphere is 5.4% for the 75th percentile wind speed over the
South Pacific. The inter-basin differences in percent increases are not large and no basin shows a
significant change (at the o =.001 level) in the number of cyclones reaching at least 33 m/s between
the two epochs although the Western North Pacific had three fewer typhoons per year on average

during the latest epoch.

This post-publication analysis shows a continued increase in the intensity of the strongest hurricanes
worldwide as first identified in Elsner et al. (2008) using data only through 2006. The results were

anticipated given the continued heating of the tropical oceans (Cheng et al. 2018) although other
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factors like tropopause temperature changes and changes in the amount of wind shear also play a role

making it difficult to anticipate near-future changes on the time scale of a few years.
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Figure 1: Percentile wind speeds in two distinct epochs by major tropical cyclone basins. The epoch
years (chosen based on the pre and post Elsner et al. (2008) study) and the number of tropical cyclones
with lifetime highest wind speeds of at least 33 m/s (n) are shown at the top of the left and right
columns. The wind speeds corresponding to the 75th, 90th, and 95th percentiles are given in the
respective columns below each epoch. The changes are noted by the slope of the line segments colored
by percentiles (75th in light gray, 90th in gray, and 95th in black). The vertical scales are the same

across the basin.



