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North Atlantic Oscillation contributes to
'cold blob' in Atlantic Ocean

August 1 2023, by Matthew Carroll
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Late winter temperatures compared to the 1981-2010 average when the North
Atlantic Oscillation (NAO) was strongly negative (top, Jan—-March 2010) and
when it was strongly positive (bottom, January—March 1990). Credit: NOAA
Climate.gov
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A patch of ocean in the North Atlantic is stubbornly cooling while much
of the planet warms. This anomaly—dubbed the "cold blob"—has been
linked to changes in ocean circulation, but a new study found changes in
large-scale atmospheric patterns may play an equally important role,
according to an international research team led by Penn State.

"People often think the atmosphere has a very short memory, but here
we provide evidence that atmospheric circulation change is significant
enough to induce some long-term impact on the climate system," said
corresponding author Laifang Li, assistant professor of meteorology and
atmospheric science at Penn State.

Sea surface temperatures in the subpolar North Atlantic have decreased
by about 0.7°F over the last century, and a trend toward a more frequent
positive phase of the North Atlantic Oscillation (NAO) may have
contributed significantly, the scientists reported in the journal Climate
Dynamics.

The NAO represents atmospheric circulation patterns involving a low-
pressure system near Iceland and a high-pressure system near the Azores
Islands, and it influences how westerly winds blow across the ocean. In
the positive phase, both pressure systems are stronger than average,
resulting in a stronger jet stream and a northward shift of the westerly
winds, the scientists said.

"As the NAO becomes more positive, it intensifies the surface wind over
the subpolar North Atlantic," said Li, who is also an associate of the
Earth and Environmental Systems Institute and a co-hire of the Institute
for Computational and Data Sciences at Penn State. "When we would
like to cool a cup of hot coffee, we stir the surface, and it promotes heat
loss. That's exactly what wind intensification is going to do to the ocean
surface—it provides a direct cooling effect."
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The team analyzed weather data and found the positive NAO has
become more dominant during the past century, consistent with previous
research. This shift could be due to warming of the tropical Indo-Pacific
and sea ice loss in the Labrador Sea, according to the researchers, but its
exact causes remain an open question.

Using an idealized model, the researchers isolated the role that this
increased wind may play in reducing sea surface temperatures via air-sea
heat flux.

The North Atlantic "cold blob." Credit: NASA
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"We know the atmosphere can not only force surface temperature
change but also can passively respond to the surface temperature change
itself—we call this forcing and damping," said Yifei Fan, a doctoral
candidate at Penn State and lead author on the study. "Our model
separates these two processes and can quantify the impact of wind on the
surface turbulent heat flux and thus the resultant sea surface temperature
changes."

The NAO alone could explain 67% of the sea surface temperature
cooling trend, the scientists said. But other atmospheric patterns that
have a warming effect may partially offset this, decreasing the overall
impact of atmospheric circulation changes to 44%. Those findings are

consistent with previous estimations from the group.

The findings suggest, the researchers said, that the NAO may have an
equally important role in the cold blob as the Atlantic Meridional
Overturning Circulation—or AMOC—ocean currents that carry warm
water from the tropics north to the North Atlantic like a conveyor belt.
Other studies have suggested the sea surface cooling is a sign the
conveyor belt is weakening.

"Previous studies have focused mostly on the role of ocean circulation in
transporting heat to this region," Fan said. "Our study, based on
observations, quantifies the role of atmospheric circulation change to the
cold blob. And that's important because few existing studies have
focused on atmospheric circulation contributing to this long-term change
in sea surface temperature."

The results, however, should not be interpreted as a line of evidence
against the role of oceanic processes, which also likely play a large role
in the cooling, according to the scientists. But atmospheric circulation
change should also be considered moving forward.
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"Here we do provide evidence that there is no one-to-one relationship
between sea surface temperature change and overturning circulation
change," Li said. "So we should be very careful when extrapolating this
overturning circulation change or great conveyor belt change from sea
surface temperature alone."

The scientists said a better understanding of the unique cold blob region
1s important because of its potential climate impacts.

"Once you have temperature cooling set up over the subpolar North
Atlantic, it increases the instability in the atmosphere and favors the
passage of storms that can come across the ocean basin and bring
extreme weather events to North America and Europe," Li said. "This
might add another layer of complexity to projections of future high-
impact weather events and uncertainties to climate projections for
heavily populated areas."

More information: Yifei Fan et al, North Atlantic Oscillation
contributes to the subpolar North Atlantic cooling in the past century,
Climate Dynamics (2023). DOI: 10.1007/s00382-023-06847-y
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