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What Are Tropical Cyclones?

NOAA Glossary Definition - A warm-core, non-

frontal synoptic-scale cyclone, originating over 

tropical or subtropical waters with organized 

deep convection and a closed surface wind 

circulation about a well-defined center.

Tropical Storm - A tropical cyclone in which the 

maximum one-minute sustained surface wind 

ranges from 34 to 63 knots (39 to 73 mph).

Hurricane - A tropical cyclone in the Atlantic, 

Caribbean Sea, Gulf of Mexico, or eastern Pacific, 

which the maximum one-minute sustained surface 

wind is 64 knots (74 mph) or greater.

Major Hurricane - A hurricane which reaches 

Category 3 (sustained winds greater than 110 

mph) on the Saffir-Simpson Hurricane Scale.



Tropical Cyclone Formation

Must Be 300 Miles from Equator - In order to 

generate enough rotation from the Coriolis effect, 

tropical cyclogenesis doesn’t occur within 300 miles 

north or south of the equator.

Pre-Existing Atmospheric Disturbance - Tropical 

cyclones form from a pre-existing disturbance, usually a 

tropical wave off Africa, but sometimes can develop 

from subtropical or extratropical cyclones undergoing 

physical changes in structure and dynamics.

Favorable Atmospheric Conditions - Temperatures 

through the vertical column in the atmosphere must 

decrease quickly with altitude to generate instability for 

a pre-existing disturbance. Additionally, the 

atmosphere must be moist with low values of vertical 

wind shear (change in wind speed/direction with 

altitude).

Sea Surface Temperatures - Sea surface 

temperatures must be about 79 degrees, but the warm 

layer should preferably be about 150 feet deep to 

inhibit upwelling of deep, cool ocean water.

Tropical cyclone structure



Theoretical Changes to Tropical Cyclones in a Warming Climate

It’s true that various aspects of 
weather will change in a warming 

atmosphere (e.g. milder winters and 
hotter summers), but the 

atmosphere is highly complex with 
many moving parts, making it 

difficult to not only discern long-
term trends, but also detect changes 
in phenomena such as extratropical 

and tropical cyclones and 
convective storms. Theoretically, 
warmer sea surface temperatures 
would yield not only more storms, 
but more intense tropical cyclones 

as well. 
North Atlantic Sea Surface Temperature Anomalies Since 1900



If we simply look 
at the frequency 

of hurricanes and 
major hurricanes 

in the entire North 
Atlantic basin. 

The linear 
trendlines show 

that both sets are 
increasing (Vecchi 

et al., 2021).

Historical Variability (North Atlantic)



However, once data is 
adjusted for storms 
missed prior to the 

satellite era (1970s –
present), the number of 

both hurricanes and 
major hurricanes in the 

North Atlantic have 
stayed roughly the same 
since the 1850s. Between 
the mid-1960s and  early-
1990s, a significant quiet 

period is observed. 
Scientists debate whether 

this blip is caused by 
internal variability 

(AMO), or effects from 
high aerosol use during 
that time (Vecchi et al., 

2021).

Historical Variability (North Atlantic)



Since 1980, the ratio of major hurricanes to 
total hurricanes has increased significantly 

(Kossin et al., 2020), but if the data is 
analyzed through the entire period of record, 

there is no significant long-term trend 
(Vecchi et al., 2021). Current ratios are 

similar to periods of high activity during the 
1920s-1930s, and 1950s-1960s.

Historical Variability

(North Atlantic)



The most hurricanes to make landfall in one year were 
seven, which occurred in 1886. Six landfalls each 

occurred in 1985, 2004, 2005 and 2020. Overall, there is a 
statistically insignificant downward trend. (NOAA)

2005 was a statistical outlier observing the most landfalling hurricanes 
of at least Category 3 intensity (four) 1893, 1909 and 2004 each 

featured six. The long-term trend is flat, but there’s lots of year-to-year 
variability. Between 2005 and 2017, there were no major hurricane 

strikes, the longest such stretch on record. (NOAA)

Historical Variability (United States)



According to Klotzbach et al. (2020), minimum central pressure is a better 
indicator of a tropical cyclone’s intensity and maximum damage 

potential. The average intensity that hurricanes have made landfall in the 
Continental U.S. has decreased approximately 5 mb since 1900, but the 

trend isn’t significant due to a magnitude of variability.

Historical Variability (United States)



Wind Shear Increase Limits Robust Changes

Colorado State University

Climate models project an increase in El 
Niño frequency, which results in an 

increase in directional wind shear over the 
Atlantic basin. As a result, a warming 

climate yields fewer tropical cyclones and 
inhibits intensification of existing 

cyclones.



Studies suggest that hurricane tracks might continue 

to shift east with future climatic changes, which results 

in a lower impact rate in the western Gulf and Atlantic 

coast, while the Florida coast may conversely observe 

an increase in landfalls.

Studies on future tropical cyclone frequencies are 

inconclusive, at best. (Mallard et al., 2013) found that 

by the end of the century, there could be an 18-28% 

reduction while (Hall et al., 2020) found a 17% 

increase in named storm frequency by the end of the 

decade. Decreased projections largely stimulate from 

the fact with increased El Niño frequency, wind shear 

(which is detrimental for tropical cyclone activity) will 

increase over the Atlantic basin in the future.

It’s also expected that while overall tropical cyclone 

frequencies will likely decline, a greater proportion of 

them will attain major hurricane strength.

Future Projections



Conclusion

Our conclusions are mixed. Climate change 
impacts tropical cyclones, but the degree is 

uncertain. Raw numbers convey an increase in 
both total and major hurricanes over the last 
century, but data adjusted for lack of satellite 

imagery able to detect ‘out-to-sea’ storms 
reaffirms the point that there is in reality, no

significant long-term trend, but lots of year-to-
year and even multidecadal variability. The 
unusually high levels of both H and MH over 

the last 20 years are not unprecedented in 
nature. It’s likely that the increase since the 

1980s is in part due to climate change-induced 
warming SSTs, but it can also be attributed to 
changes in both aerosol use and multidecadal 

ocean cycles (e.g. AMO).
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