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“disaster” in the world’s oceans, say
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Deep overturning circulation collapses with strong warming
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J. Keith Moore, UCI professor of Earth system science, says, “… unchecked global
warming could lead to a shutdown of the ocean deep circulation. This would be a
climate disaster similar in magnitude to complete melting of the ice sheets on land.”
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Irvine, Calif., Jan. 4, 2023 — Climate-driven heating of seawater is causing a
slowdown of deep circulation patterns in the Atlantic and Southern oceans,
according to University of California, Irvine Earth system scientists, and if this
process continues, the ocean’s ability to remove carbon dioxide from the
atmosphere will be severely limited, further exacerbating global warming.

In a recent study published in Nature Climate Change, these researchers analyzed
projections from three dozen climate models and found that the Atlantic Meridional
Overturning Circulation and the Southern Meridional Overturning Circulation will
slow by as much as 42 percent by 2100. The simulations suggest that under worst-
case warming, the SMOC could cease entirely by 2300.

“Analysis of the projections from 36 Earth system models over a range of climate
scenarios shows that unchecked global warming could lead to a shutdown of the
ocean deep circulation,” said co-author J. Keith Moore, UCI professor of Earth system
science. “This would be a climate disaster similar in magnitude to complete melting
of the ice sheets on land.”

The importance of overturning circulation

In the Atlantic, as warm water flows northwards on the surface, it cools and
evaporates, making it saltier and denser. This heavier water sinks into the deep
ocean and proceeds to the south where it eventually rises back up, carrying from the
depths the nutrients that are the food foundation of marine ecosystems.

In addition, globe-spanning ocean circulation creates a powerful factory for the
processing of atmospheric carbon dioxide. The basic physical and chemical
interaction of seawater and air – what Moore and his colleagues call a “solubility
pump” – draws CO2 into the ocean. While the ocean circulation sends some carbon
back to the sky, the net amount is sequestered in the ocean’s depths.

Additionally, a “biological pump” occurs as phytoplankton use CO2 during
photosynthesis and in forming carbonate shells. When the plankton and larger
animals die, they sink, slowly decomposing and releasing the carbon and nutrients
at depth. Some comes back up with circulation and upwelling, but a portion remains
banked beneath the waves.

https://www.nature.com/articles/s41558-022-01555-7
https://www.ess.uci.edu/~jkmoore/


Green, downward lines denote dead and dying organisms sinking from
surface waters in the world’s oceans. As they decompose, the animals’
nutrients are released at depth, eventually to return to the surface via
ocean circulation. A recently published Nature Climate Change study by
UCI Earth system scientists shows how global warming will slow deep
circulation, trapping nutrients near the ocean floor. Marine ecosystems will
become increasingly nutrient-starved over time. Slowing deep circulation
also reduces uptake of carbon dioxide from the atmosphere, resulting in
the extension and intensification of hot climate conditions. J. Keith Moore /
UCI

“A disruption in circulation would reduce ocean uptake of carbon dioxide from the
atmosphere, intensifying and extending the hot climate conditions,” Moore said.
“Over time the nutrients that support marine ecosystems would increasingly
become trapped in the deep ocean, leading to declining global-ocean biological
productivity.”

Humans depend on the solubility pump and the biological pump to help remove
some of the CO2 emitting into the air through fossil fuel burning, land use practices
and other activities, according to Moore.

“Our analysis also shows that reducing greenhouse gas emissions now can prevent
this complete shutdown of the deep circulation in the future,” he said.

Joining Moore on this project, which was funded by the U.S. Department of Energy,
were lead author Yi Liu, UCI Ph.D. student in Earth system science; Francois



Primeau, professor and chair of UCI’s Department of Earth System Science; and Wei-
Lei Wang, professor of ocean and Earth sciences at Xiamen University in China. The
study depended substantially on simulations developed by the Coupled Model
Intercomparison Project phase 6 (CMIP6) project used to inform the IPCC climate
assessments.

About UCI’s Brilliant Future campaign: Publicly launched on Oct. 4, 2019, the 
Brilliant Future campaign aims to raise awareness and support for UCI. By engaging
75,000 alumni and garnering $2 billion in philanthropic investment, UCI seeks to
reach new heights of excellence in student success, health and wellness, research
and more. The School of Physical Sciences plays a vital role in the success of the
campaign. Learn more by visiting https://brilliantfuture.uci.edu/uci-school-of-
physical-sciences/.

About the University of California, Irvine: Founded in 1965, UCI is a member of
the prestigious Association of American Universities and is ranked among the
nation’s top 10 public universities by U.S. News & World Report. The campus has
produced five Nobel laureates and is known for its academic achievement, premier
research, innovation and anteater mascot. Led by Chancellor Howard Gillman, UCI
has more than 36,000 students and offers 224 degree programs. It’s located in one
of the world’s safest and most economically vibrant communities and is Orange
County’s second-largest employer, contributing $7 billion annually to the local
economy and $8 billion statewide. For more on UCI, visit www.uci.edu.

Media access: Radio programs/stations may, for a fee, use an on-campus ISDN line
to interview UCI faculty and experts, subject to availability and university approval.
For more UCI news, visit news.uci.edu. Additional resources for journalists may be
found at communications.uci.edu/for-journalists.
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