
 

Five ways climate change increases the threat
of tsunamis, from collapsing ice shelves to
sea level rise
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The enormous eruption of the underwater volcano in Tonga, Hunga
Tonga-Hunga Ha'apai, triggered a tsunami that reached countries all
around the Pacific rim, even causing a disastrous oil spill along 21
beaches in Peru.

In Tonga, waves about 2 meters high were recorded before the sea level
gauge failed, and waves of up to 15m hit the west coasts of Tongatapu
Islands, "Eua, and Ha'apai Islands. Volcanic activity could continue for
weeks or months, but it's hard to predict if or when there'll be another
such powerful eruption.

Most tsunamis are caused by earthquakes, but a significant percentage
(about 15%) are caused by landslides or volcanoes. Some of these may
be interlinked—for example, landslide tsunamis are often triggered by
earthquakes or volcanic eruptions.

I can't fathom seeing the #tonga Volcanic eruption in real-time
from boat. This is insane.pic.twitter.com/1dXRa0lX25

— Doc V (@MJVentrice) January 15, 2022

But does climate change also play a role? As the planet warms, we're
seeing more frequent and intense storms and cyclones, the melting of
glaciers and ice caps, and sea levels rising. Climate change, however,
doesn't just affect the atmosphere and oceans, it affects the Earth's crust
as well.

Climate-linked geological changes can increase the incidence of
earthquakes and volcanic eruptions which, in turn, can exacerbate the
threat of tsunamis. Here are five ways this can happen.

1. Sea level rise
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https://www.reuters.com/business/environment/tonga-volcano-generates-tsunami-us-tsunami-monitor-said-2022-01-15/
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https://www.un.org/en/climatechange/what-is-climate-change
https://www.usgs.gov/faqs/how-can-climate-change-affect-natural-disasters
https://phys.org/tags/ice+caps/
https://www.reuters.com/article/us-climate-geology-idUSTRE58F62I20090916


 

If greenhouse gas emissions remain at high rates, the average global sea
level is projected to rise between 60 centimeters and 1.1m. Almost two
thirds of the world's cities with populations over five million are at risk.

Rising sea levels not only make coastal communities more vulnerable to
flooding from storms, but also tsunamis. Even modest rises in sea level
will dramatically increase the frequency and intensity of flooding when a
tsunami occurs, as the tsunami can travel further inland.

For example, a 2018 study showed only a 50 centimeter rise would
double the frequency of tsunami-induced flooding in Macau, China. This
means in future, smaller tsunamis could have the same impact as larger
tsunamis would today.

2. Landslides

A warming climate can increase the risk of both submarine (underwater)
and aerial (above ground) landslides, thereby increasing the risk of local
tsunamis.

The melting of permafrost (frozen soil) at high latitudes decreases soil
stability, making it more susceptible to erosion and landslides. More 
intense rainfall can trigger landslides, too, as storms become more
frequent under climate change.

Tsunamis can be generated on impact as a landslide enters the water, or
as water is moved by a rapid underwater landslide.

In general, tsunami waves generated from landslides or rock falls
dissipate quickly and don't travel as far as tsunamis generated from
earthquakes, but they can still lead to huge waves locally.

In Alaska, US, glacial retreat and melting permafrost has exposed
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https://phys.org/tags/greenhouse+gas+emissions/
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https://www.un.org/sustainabledevelopment/wp-content/uploads/2017/05/Ocean-fact-sheet-package.pdf
https://www.un.org/sustainabledevelopment/wp-content/uploads/2017/05/Ocean-fact-sheet-package.pdf
https://phys.org/tags/tsunami/
https://www.science.org/doi/10.1126/sciadv.aat1180
https://www.nrdc.org/stories/permafrost-everything-you-need-know
https://climate.nasa.gov/news/2951/climate-change-could-trigger-more-landslides-in-high-mountain-asia/
https://phys.org/tags/climate+change/
https://www.usgs.gov/faqs/how-do-landslides-cause-tsunamis#:~:text=Tsunamis%20are%20large%2C%20potentially%20deadly,a%20result%20of%20submarine%20earthquakes.&text=Tsunamis%20can%20be%20generated%20on,a%20rapidly%20moving%20underwater%20landslide.


 

unstable slopes. In 2015, this melting caused a landslide that sent 180
million tons of rock into a narrow fjord, generating a tsunami reaching
193m high—one of the highest ever recorded worldwide.

Other areas at risk include northwest British Columbia in Canada, and
the Barry Arm in Alaska, where an unstable mountain slope at the toe of
the Barry Glacier has the potential to fail and generate a severe tsunami
in the next 20 years.
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3. Iceberg calving and collapsing ice shelves
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https://phys.org/tags/landslide/
https://www.nature.com/articles/s41598-018-30475-w
https://www.nature.com/articles/s41598-018-30475-w
https://www.sciencedirect.com/science/article/pii/S0921818121000849
https://dggs.alaska.gov/hazards/barry-arm-landslide.html
https://www.woodwellclimate.org/wp-content/uploads/2020/05/Letter-to-Stakeholders_-Barry-Arm-Landslide-Final.pdf


 

Global warming is accelerating the rate of iceberg calving—when
chunks of ice fall into the ocean.

Studies predict large ice shelves, such as the Thwaites Glacier in
Antarctica, will likely collapse in the next five to ten years. Likewise, the
Greenland ice sheet is thinning and retreating at an alarming rate.

While much of the current research focus is on the sea level risk
associated with melting and collapse of glaciers and ice sheets, there's
also a tsunami risk from the calving and breakup process.

Wandering icebergs can trigger submarine landslides and tsunamis
thousands of kilometers from the iceberg's original source, as they hit
unstable sediments on the seafloor.

4. Volcanic activity from ice melting

About 12,000 years ago, the last glacial period ("ice age") ended and the
melting ice triggered a dramatic increase in volcanic activity.

The correlation between climate warming and more volcanic eruptions
isn't yet well constrained or understood. But it may be related to changes
in stress to the Earth's crust as the weight of ice is removed, and a
phenomenon called "isostatic rebound"—the long-term uplift of land in
response to the removal of ice sheets.

If this correlation holds for the current period of climate warming and
melting of ice in high latitudes, there'll be an increased risk of volcanic
eruptions and associated hazards, including tsunamis.

5. Increased earthquakes
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https://www.businessinsider.com.au/chasing-ice-glacier-calving-climate-change-2014-10?r=US&IR=T
https://news.climate.columbia.edu/2021/12/17/crucial-antarctic-glacier-likely-to-collapse-much-earlier-than-expected/
https://climate.nasa.gov/news/3062/warming-seas-are-accelerating-greenlands-glacier-retreat/
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https://phys.org/tags/volcanic+eruptions/
https://phys.org/tags/volcanic+eruptions/


 

There are a number ways climate change can increase the frequency of
earthquakes, and so increase tsunami risk.

First, the weight of ice sheets may be suppressing fault movement and
earthquakes. When the ice melts, the isostatic rebound (land uplift) is
accompanied by an increase in earthquakes and fault movement as the
crust adjusts to the loss of weight.

We may have seen this already in Alaska, where melting glaciers
reduced the stability of faults, inducing many small earthquakes and 
possibly the magnitude 7.2 St Elias earthquake in 1979.

Another factor is low air pressure associated with storms and typhoons,
which studies have also shown can trigger earthquakes in areas where the
Earth's crust is already under stress. Even relatively small changes in air
pressure can trigger fault movements, as an analysis of earthquakes
between 2002 and 2007 in eastern Taiwan identified.

So how can we prepare?

Many mitigation strategies for climate change should also include
elements to improve tsunami preparedness.

This could include incorporating projected sea level rise into tsunami
prediction models, and in building codes for infrastructure along
vulnerable coastlines.

Researchers can also ensure scientific models of climate impacts include
the projected increase in earthquakes, landslides and volcanic activity,
and the increased tsunami risk this will bring.

This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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https://www.sciencedirect.com/science/article/pii/S0921818104000487?casa_token=BGo_KzIOuJkAAAAA:UHyQvV-tvVulwAfvOFPJILcG2206iyZhOM9TCVS_VAh0UdLimWrfu_NJRTHJVtwlKBL0cfA
https://www.nature.com/articles/nature08042
https://phys.org/tags/volcanic+activity/
https://theconversation.com
https://theconversation.com/5-ways-climate-change-increases-the-threat-of-tsunamis-from-collapsing-ice-shelves-to-sea-level-rise-175247


 

Provided by The Conversation

Citation: Five ways climate change increases the threat of tsunamis, from collapsing ice shelves
to sea level rise (2022, January 24) retrieved 26 June 2024 from 
https://phys.org/news/2022-01-ways-climate-threat-tsunamis-collapsing.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

7/7

https://phys.org/news/2022-01-ways-climate-threat-tsunamis-collapsing.html
http://www.tcpdf.org

