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1. Introduction 
Climate science is hard, really hard. That is why I prefer to live in the past. The past is 
easy, really easy. But this does not help those of you that want or need to forecast what 
climate change will bring us in the future. However, because of the limitations defined in 
the first sentence of this post, we must tread carefully into the future. 

Some future climate changes are easier to predict than others. Based on the recent 
past, we can be reasonably sure that: 

 Most temperatures will increase 

 Sea levels will rise 

 Many other impacts based on the above two effects will increase 

But the impacts of the title of this post fall into the “really hard” category, in spite of being 
dependent on the above first two bullets.  

I have posted on this subject before. The following is a good summary of what we knew 
about hurricanes a few years ago. 

Fire and Storms – Part 2, Rev b: Part 2 of this series is about the more severe 
hurricanes resulting from environmental changes brought about by climate change. Rev 
b was posted in July 2019. 

https://www.energycentral.com/c/ec/fire-and-storms-%E2%80%93-part-2-rev-b  

The following post, from May 2019, explored a change in weather patterns that appears 
to increase the severity of hurricane and other major storm’s impacts. 

Emerging Negative Effects of Climate Change: Climate change is caused by 
greenhouse gases (GHG), primarily carbon dioxide (CO2) and methane, increasing in 
the atmosphere. This results in atmospheric warming. There are also many secondary, 
tertiary and higher order effects, including the following: 

• The sea-level rise 

• Both heat and CO2 enter the oceans and the latter acidifies them. 

• Disruption of the Meridional Overturning Circulation (MOC, the Gulf Stream 
and other major ocean currents). 

• Increasing atmospheric temperatures and ocean currents’ disruption have 
caused major changes to weather patterns around the world. 

The paper linked below is about an emerging understanding of the last bullet, and the 
impacts (so far), especially regarding North America. 

https://www.energycentral.com/c/ec/emerging-negative-effects-climate-change  

https://www.energycentral.com/c/ec/fire-and-storms-%E2%80%93-part-2-rev-b
https://www.energycentral.com/c/ec/emerging-negative-effects-climate-change
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This post reviews increases in hurricane and tropical storm (a.k.a. tropical cyclones) 
landfalls in and near the U.S. A recent article in Science contains an analysis of data for 
these storms’ behavior from the last 36 years. This analysis determined that the 
behavior of these storms has changed in a way that made them more likely to increase 
damage in many coastal areas, including the U.S., and these changes are likely to 
continue into the future. 

Occupied coastal areas more frequently impacted by these storms, as a minimum, will 
need to harden their electric distribution systems and other infrastructure. Worst case: 
occupants and infrastructure may need to retreat from the coasts. 

2. The Evidence 
The following is from a post a couple of months ago. 

In 2020 there were 30 named storms, of which 13 became hurricanes (top winds of 74 
mph or greater), 12 land-falling storms and six major hurricanes (top winds of 111 mph 
or greater) near the continental United States. This is the most named storms on record, 
greater than the 28 from 2005, and the second-highest number of hurricanes. This is the 
fifth consecutive year with an above-normal Atlantic hurricane season, with 18 above-
normal seasons out of the past 26. 

From this source.1 In the United States… ten storms caused deaths, injuries or 
significant damage across the country. According to NOAA’s list of billion-dollar 
disasters, Hurricanes Hanna, Isaias, Laura, Sally, Delta, Zeta and Tropical Storm 
Eta each caused over a billion dollars in damage. All of these except Hurricane Isaias 
and Tropical Storm Eta struck along the Gulf Coast between Texas and the Florida 
Panhandle. 

Hurricane Hanna was the season’s first hurricane, forming early in the season on July 
25. Hanna made two landfalls in Texas – Padre Island and Kenedy County – before 
moving to northeastern Mexico. It caused about $1.1 billion in damage in the U.S. and at 
least $100 million in Mexico. 

Hurricane Isaias was the only storm to cause significant damage in the U.S. outside of 
the Gulf Coast, making landfall near Ocean Isle Beach, North Carolina. It is estimated to 
have caused more than $4 billion in damage in North and South Carolina, Virginia, 
Maryland, Delaware, Pennsylvania, New Jersey, New York, and throughout New 
England and the Canadian province of Quebec. 

The U.S. Gulf Coast was struck by eight significant storms throughout the 2020 Atlantic 
hurricane season, beginning with Cristobal in June 2020. Cristobal made landfall near 
Grand Isle, Louisiana before moving along the Mississippi Valley and becoming an 
extratropical depression over Wisconsin – the furthest north a tropical storm has ever 
traveled in North America. Cristobal’s remnants continued north and finally dissipated 
over Canada’s James Bay, close to the Arctic Circle. 

Hurricane Laura caused catastrophic damage when it came ashore near Lake Charles, 
Louisiana on Aug. 27, killing at least 77 people and causing at least $8-12 billion in total 
damages. Hurricane Sally made landfall near Gulf Shores, Alabama on Sept. 16 before 

                                                 
1 Center for Disaster Philanthropy, Disaster, “2020 Atlantic Hurricane Season”, 

https://disasterphilanthropy.org/disaster/2020-atlantic-hurricane-season/    

https://disasterphilanthropy.org/disaster/2020-atlantic-hurricane-season/
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moving at the extremely slow pace of 3 mph – approximately walking speed – along the 
Gulf Coast and then back through Alabama just north of Florida. This slow pace left 
rainfall totals that were measured in feet, not inches and caused significant damage 
between $1-3 billion. Five days later, Tropical Storm Beta came ashore along 
Matagorda Bay in Texas before meandering along the Gulf Coast, adding to the rainfall 
from Sally in Mississippi, Alabama and Tennessee. 

Hurricane Delta made landfall near Creole, Louisiana on Oct. 9, only 12 miles away from 
where Laura made landfall in August. This complicated the recovery efforts from earlier 
storms, and brought renewed misery to people whose lives had already been upended 
by Laura. 

The last major storm to make landfall along the Gulf Coast was Hurricane Zeta, which 
made landfall on Oct. 28 near Cocodrie, Louisiana. In a record-breaking year, Zeta 
made a significant mark as the fifth storm to make landfall in Louisiana and the latest 
landfall of a Category 2+ hurricane in more than 100 years. 

Regarding the 2019 Hurricane Season,2 Six of those named storms achieved hurricane 
status, while three intensified into major hurricanes. Two storms became Category 5 
hurricanes, causing the season to become the fourth consecutive season with at least 
one Category 5 hurricane, the third consecutive season to feature at least one storm 
making landfall at Category 5 intensity, and the seventh on record to have multiple 
tropical cyclones reaching Category 5 strength… 

The season's first hurricane, Barry, formed in mid-July in the northern Gulf of Mexico 
and struck Louisiana. Barry caused one death and produced flooding in Arkansas, 
Louisiana, and Mississippi, with damage totaling about $600 million.  

Hurricane Dorian, the most intense tropical cyclone of the season, proved to be the 
costliest natural disaster in the history of the Bahamas, becoming the strongest 
hurricane to strike the country. Overall, Dorian caused about $4.72 billion in damage and 
84 fatalities, mostly in the Bahamas. The 2019 season was the record fourth consecutive 
season to feature at least one Category 5 hurricane.  

Drifting over Texas, Tropical Storm Imelda resulted in a devastating flood in the eastern 
portions of the state, with about $5 billion in damage and five fatalities.  

Lorenzo, which became the easternmost Category 5 Atlantic hurricane on record, 
caused 14 deaths after sinking the French tugboat Bourbon Rhode and 8 other fatalities 
from rough surf along the East Coast of the United States.  

With Dorian and Lorenzo both intensifying into Category 5 hurricanes, the season 
became one of seven seasons to feature multiple Category 5 hurricanes.  

Tropical Storm Nestor caused a tornado outbreak across west Florida in mid-October, 
leaving $125 million in damage, while a car crash in South Carolina killed three people.  

Tropical Storm Olga caused moderate damage and heavy flooding over the central Gulf 
Coast and generated hurricane-force wind gusts as far north as Tennessee. The storm 
left two deaths and around $400 million in damage.  

                                                 
2 Wikipedia Article on “2019 Atlantic hurricane season”, 

https://en.wikipedia.org/wiki/2019_Atlantic_hurricane_season  

https://en.wikipedia.org/wiki/2019_Atlantic_hurricane_season
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3. The Data and Conclusion 
As long as tropical cyclones (including hurricanes) remain at sea, they pose little risk of 
damage. The major destruction starts when they make landfall, or approach occupied 
land closely enough to harm humans and infrastructure. Depending on specifics, a 
permanent shift of the typical path of these storms may increase or decrease damage. A 
shift that causes any of the following would tend to increase damage: 

• A higher probability of storms impacting human-occupied land 

• Increasing the strength of storms 

• Increasing the time storms spend over land  

• Increasing the amount of time storms spend near the coast thus: 

o Increasing flooding 

o Maintaining or increasing the storm’s strength 

o Slowing the weakening of the storm 

Information in the prior section raises the possibility that changes in the typical course of 
tropical cyclones may be contributing to the record damage caused by these storms, and 
also will increase our risk for increased damage in the future. However researchers need 
to identify consistent patterns that lead to this conclusion. 

Since 1982 tropical cyclones have been monitored globally by satellites. In the northern 
hemisphere, the locations of tropical cyclones’ point of maximum intensity has migrated 
northward the past 40 years, as has been reported in the global “best-track” data.3 This 
trend is projected to continue in the 21st century. These trends could change the coastal 
tropical cyclone risk in the future. However, the northern migration of the locations of 
tropical cyclone peak intensity by itself may not necessarily indicate a change in coastal 
tropical cyclone risk directly, because these storms frequently do not make landfall.  

A recent study evaluated the data on tropical cyclone path changes since 1982 to 
develop additional conclusions regarding their possible contributions to increased 
damage world-wide. The paper from this study was published in Science as was a 
summary. Unfortunately, neither the paper nor the summary is available to the general 
public (I am a member of AAAS and thus receive Science). However, AAAS did publish 
a EurekAlert short summary, available to the general public and linked below. 

https://www.eurekalert.org/pub_releases/2021-01/aaft-tca012521.php#  

The paper is linked below, but only an abstract is openly available to the general public. 

https://science.sciencemag.org/content/371/6528/514  

I generally used the summary of this paper (linked below) for the text below, but again 
this is not available to the general public. 

https://science.sciencemag.org/content/371/6528/458.full  

                                                 
3 The National Center for Atmospheric Research, IBTrACS (International Best Track Archive for Climate 

Stewardship), https://climatedataguide.ucar.edu/climate-data/ibtracs-tropical-cyclone-best-track-data  

https://www.eurekalert.org/pub_releases/2021-01/aaft-tca012521.php
https://science.sciencemag.org/content/371/6528/514
https://science.sciencemag.org/content/371/6528/458.full
https://climatedataguide.ucar.edu/climate-data/ibtracs-tropical-cyclone-best-track-data
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This study considered tropical cyclones, defined by the lifetime maximum intensity (LMI) 
reaching at least 34 knots (39 mph), during the period 1982–2018. The study provides 
evidence that tropical cyclone activity close to land is increasing, with a substantial 
increase in risk to coastal regions. The study analyzed tropical cyclone activity close to 
land regions and found that tropical cyclones are reaching their lifetime maximum 
intensity (LMI) closer to land. The distance between the location of LMI and land has 
decreased by 30 km per decade. More of these storms are occurring close to land by 
about two tropical cyclones per decade. The locations at which tropical cyclones reach 
their LMI are intrinsically linked to their tracks. 

The observed poleward shift of LMI (northward for the northern hemisphere) is one of 
the best-known tropical cyclone location shifts and is thought to be associated with 
Hadley cell expansion due to anthropogenic climate change. This shift is most notable in 
the western North Pacific, is also present in the genesis location for tropical cyclones, 
and is expected to continue. In contrast this paper noted shifts in the east-west direction 
that are linked to westward shifts in the steering flow. Both types of shifts could lead to 
more damaging landfall impacts in the U.S. 

Author’s Note: A Hadley cell is a global scale tropical atmospheric circulation that 
features air rising near the Equator, flowing poleward at a height of 10 to 15 kilometers 
above the earth's surface, descending in the subtropics, and then returning equatorward 
near the surface. This circulation creates the trade winds, tropical rain-belts and 
hurricanes, subtropical deserts and the jet streams. Hadley cells are the low-altitude 
overturning circulation that have air sinking at roughly zero to 30 degree latitude (from 
Wikipedia). 

In the case of the poleward shift, more intense storms could potentially reach and have 
an impact on unprepared regions typically not affected by intense tropical cyclones. 
Similarly, coastal communities could be affected by cyclone hazards (winds, 
precipitation, and storm surge) more often by the westward shift coupled with increases 
in cyclone intensity caused by human caused climate change. The impacts of land falling 
cyclones could potentially become even worse with increased warming. It has been 
proposed that land falling tropical cyclones take longer to weaken and dissipate over 
land as the planet warms. 


