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When glaciers calve: Large underwater tsunamis discovered at edge of 
Antarctica, likely affecting ice melt, climate and marine ecosystem
Michael Meredith

ABSTRACT
The mixing of water in the ocean is a key influence on our climate and ecosystems, but its importance 
is often under-recognized. Mixing in the seas around Antarctica—a key process that redistributes 
heat, carbon, nutrients, plankton, and all other things in the sea, with profound consequences—also 
affects the stability of the continent’s glaciers and ice sheets, with consequences for sea level rise 
globally. A recent discovery showed that when the fronts of glaciers disintegrate, they “calve” huge 
chunks of ice that can cause underwater tsunamis in the ocean, which can spread for many miles and 
cause strong bursts of mixing when they break. This surprising finding is changing the way we think 
about mixing close to Antarctica, what causes it, and how it matters.
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Antarctica is huge, it affects pretty much every place and 
every living thing on our planet, and it is changing. This 
should be a concern for all of us, and yet we know 
troublingly little about some key aspects of the great 
white continent.

Despite its position in the far distant south, 
Antarctica is a vital component in the functioning of 
the planet. It is central to global ocean circulation, thus 
exerting a profound influence on the world’s climate 
(Figure 1). The vast Southern Ocean that surrounds 

Figure 1. An inverted map of the world, otherwise known as a Spilhaus projection, showing how Antarctica—and the Southern Ocean 
surrounding it—are central to global ocean circulation. For more on Athelstan Spilhaus and his eponymyous map, see https:// 
storymaps.arcgis.com/stories/756bcae18d304a1eac140f19f4d5cb3d.
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Antarctica absorbs huge quantities of heat and carbon 
dioxide from the atmosphere and distributes them 
around the rest of the world, thereby slowing the rate 
of global warming elsewhere. This “climate favor” 
comes at a cost, however—the Southern Ocean is over
heating and acidifying, with marked impacts on the 
marine ecosystem. The extra heat in the ocean is also 
melting the fringes of the Antarctic Ice Sheet, destabiliz
ing its glaciers, and increasingly pushing up sea levels 
worldwide. The sea ice around Antarctica—formed in 
the fall and winter of the Southern Hemisphere, when 
the ocean surface freezes—has now reached record low 
extents, affecting the Earth’s energy budget and acting to 
further accelerate climate change.

All the information we have from Antarctica comes 
from sparse networks of sensors and equipment 
deployed directly, augmented with satellite measure
ments of the ice and ocean surface and computer
simulations. While we know more about Antarctica 
and the Southern Ocean than ever before, it is still one 

of the least-well measured places on our planet, with 
some areas still remaining “data deserts.” We need to 
know more, so that we can better understand the causes 
of the changes happening here, how they will continue 
to change in future, and hence what the global impacts 
are likely to be.

One feature of the Southern Ocean that is often over
looked is how (and how strongly) it is mixed. This is 
a key process that redistributes heat, carbon, nutrients, 
plankton, and all other things in the sea, with profound 
consequences. However, mixing cannot be measured 
well by satellite and is very challenging to measure 
in situ, so our understanding of it has lagged behind 
other processes. For decades, we assumed that the major 
causes of ocean mixing around Antarctica are the wind, 
tides, and cooling at the surface—just like the ocean in 
most other places, in fact (Figure 2).

That changed in 2020. Just as the pandemic was 
beginning its terrible spread around the world, we 
were conducting an expedition from a research vessel 

Figure 2. Schematic of the traditional paradigm of the causes of ocean mixing on the Antarctic continental shelves.

Figure 3. The new paradigm for what happens in ocean mixing, which takes into account the calving of the glacier front and the 
subsequent underwater tsunamis that are formed.
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in Antarctica and were treated to the spectacle of a large 
glacier calving event. In essence, the event was the dis
integration of about a kilometer of glacier front (about 
six-tenths of a mile), with the ice tumbling into the sea 
from heights of up to 40 meters (roughly 130 feet) or 
more. It was dramatic to witness, but scientifically the 
impact on the ocean was even more profound. Upon 
examining the data we collected, we realized that the 
glacier calving event had caused a sudden massive burst 
of mixing of the ocean, stretching many kilometers from 
the ice front.

How did it do this? The data revealed that the glacier 
calving had triggered an underwater tsunami event. In 
essence, large waves (the height of a two-storey house) 
were generated and moved rapidly away from the gla
cier, riding the interface between layers in the ocean that 
were tens of meters down. When these internal tsunami 
waves finally broke—like surface waves on a beach— 
they caused massive churn and mixing (Figure 3).

Why does this matter? For one thing, while such 
calving events are rare for humans to see in-person, 
they are actually quite widespread and frequent. There 
are around 3,000 glaciers around Antarctica as a whole 
and thousands more around the Arctic, Greenland, 
Alaska, Russia, and elsewhere. Many of them calve 
quite regularly and have the potential to trigger internal 
tsunami waves like the one we saw.

The impact of the mixing from these breaking inter
nal tsunamis is remarkably strong. While their produc
tion is intermittent, of course, just a couple of events per 
glacier per year would put more mixing energy into the 
ocean next to Antarctica than tides or winds—and from 
satellite measurements, we know that this frequency of 
glacier calving does happen.

Finally, this extra mixing is likely to change substan
tially as climate change progresses. Glaciers are suscepti
ble to warming of the atmosphere and ocean, and it is 
highly likely that the frequency of glacier calving will 
increase in the coming decades—so we expect to see 
changes in the strength of ocean mixing as 
a consequence. Of course, glaciers that retreat very 
strongly will ultimately have their snouts over land instead 
of in the sea, and at that point any calving of that glacier 
will cease to affect mixing of the ocean. So understanding 
the future evolution of glaciers, and especially their transi
tion to becoming entirely land-based, is a key priority.

This process—of glacier calving generating internal tsu
namis and bursts of ocean mixing—is entirely absent from 
the computer models that are used to simulate our climate 
and ecosystem, hampering our
ability to reliably project future changes. We need to 
know more about how this process works, how it will 
change, and what its consequences will be. This will require 
dedicated new fieldwork—our discovery was serendipitous 
and based on short-term measurements, and far more 
detailed information is now required. It will also require 
analysis of extensive satellite data, to span the huge spatial 
scales we are dealing with, and advances in computer 
simulation to feed the new knowledge into schemes better 
able to predict the future (Figure 4).

This new science has highlighted that our knowledge 
of Antarctica, and how it influences the rest of the 
world, is still very incomplete. For scientists, it is an 
exciting new development that will allow us to enhance 
knowledge of important climatically- and ecologically- 
important processes. But above all, it does emphasize 
that Antarctica is a place where new discoveries are 
waiting to be made, and there is no substitute for 
going there in-person to make them (Figure 5).

Figure 4. A still from a computer simulation of an internal tsunami propagating and breaking. Black is seabed; White at far right is 
a glacier. Image credit David Munday / British Antarctic Survey.
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Figure 5. From the deck of a research vessel in Antarctica, the glacier front can initially appear as an immovable wall. It is not.
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