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Increasing Arctic freshwater is driven by
climate change

July 30 2020, by Kelsey Simpkins

Sea ice in the ocean in northern Baffin Bay in September 2008. Credit: Alex
Jahn

New, first-of-its-kind research from CU Boulder shows that climate
change is driving increasing amounts of freshwater in the Arctic Ocean.
Within the next few decades, this will lead to increased freshwater
moving into the North Atlantic Ocean, which could disrupt ocean
currents and affect temperatures in northern Europe.

The paper, published July 27, 2020 in Geophysical Research Letters,
examined the unexplained increase in Arctic freshwater over the past
two decades and what these trends could mean for the future.
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"We hear a lot about changes in the Arctic with respect to temperature,
how ecosystems and animals are going to be affected," said Rory Laiho,
co-author and PhD student in atmospheric and oceanic sciences. "But
this particular study gives an added perspective on what's happening
physically to the ocean itself, which then can have important
implications for ocean circulation and climate."

Since the 1990s, the Arctic Ocean has seen a 10% increase in its
freshwater. That's 2,400 cubic miles (10,000 cubic kilometers), the same
amount it would take to cover the entire U.S. with 3 feet of water.

The salinity in the ocean isn't the same everywhere, and the Arctic
Ocean's surface waters are already some of the freshest in the world due
to large amounts of river runoff.

This freshwater is what makes sea ice possible: it keeps cold water at the
surface, instead of allowing this denser liquid to sink below less dense,
warm water. In this way, the Arctic Ocean is much different than other
oceans. But as more freshwater exits the Arctic, this same stabilizing
mechanism could disrupt the ocean currents in the North Atlantic that
moderate winter temperatures in Europe.

Such disruptions have happened before, during the "great salinity
anomalies" of the 1970s and 80s. But these were temporary events. If too
much cold freshwater from the Arctic continuously flows into the North
Atlantic, the ocean turnover could be disrupted more permanently.

Ironically, this would mitigate the impacts of global warming during
winter in northern Europe for a while. But disrupting the ocean currents
could have negative effects for climate long-term and on the North
Atlantic's ecosystems.
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Nares Strait, between Greenland and Canada, as seen from space. Credit:
MODIS Land Rapid Response Team, NASA GSFC

A signal in the noise

The main mission of the research for Alexandra Jahn, lead author of the
new study and assistant professor in the Department of Atmospheric and
Oceanic Sciences and the Institute of Arctic and Alpine Research, and
her graduate student, Laiho, was to differentiate between natural
variability cycles in Arctic freshwater amounts and climate change's
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impact. They examined the results from an ensemble of models run from
1920 to 2100.

"When we look at all the simulations together, we can see if they all do
the same thing. If so, then that's due to a forced response,” said Jahn. "If
those changes are big enough so they could not occur without increasing
greenhouse gases in the model simulations, that's what we call the
emergence of a clear climate change signal. And here we see such clear
climate change signals for the Arctic freshwater during the current
decade."

Their results showed that Nares Strait, which runs between Greenland
and Canada and is the most northern gateway between the Arctic and
more southern oceans—will be the first place to see a freshwater export
increase attributable to climate change in the next decade. Other straits
farther south and east, including Davis and Fram straits, will be next to
show this signal.

The researchers also ran the models through different emissions
scenarios to see if these changes will be affected by humans' emissions
choices in the next few decades. They looked at the "business as usual”
(over 4 degrees Celsius warming by the end of the century) scenario and
what would happen if humans limited warming to 2 degrees Celsius, the
upper end of IPCC (Intergovernmental Panel on Climate Change) targets
for this century.

They found that the change in freshwater in the Arctic Ocean and the
amounts moving through the northern straits were unaffected since they
will be subject to an increase in freshwater before the 2040s—and the
decisions made globally in the next few decades will not influence them,
as these climatic changes are already in motion. But in the second half of
this century, the two scenarios diverged, and increases in freshwater
amounts were seen in more places in the high-warming scenario than in
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the low-warming scenario.

"What this work is showing us is that we're probably already
experiencing the first of these changes, we just can't tell from the direct
observations yet," Jahn said.

All water from the Arctic Ocean eventually ends up in the North
Atlantic. But timing is everything. Being able to predict the timing of the
emergence of climate change signals will allow scientists to monitor
upcoming changes in real time, and better understand how changes in the
Arctic Ocean can impact climate worldwide.

"It fills a gap in our current understanding, and helps us ask new
questions about what physically is happening in the Arctic," said Jahn.

More information: Alexandra Jahn et al. Forced Changes in the
Arctic Freshwater Budget Emerge in the Early 21 st Century,
Geophysical Research Letters (2020). DOI: 10.1029/2020G1.088854
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