
DECLINING WINTER SEA ICE NEAR GREENLAND 

SPELLS COOLER CLIMATE FOR EUROPE 

Satellite image showing clouds over the Greenland Sea downstream of the ice edge during conditions where 

there was a large transfer of heat and moisture from the ocean to the atmosphere. NASA 

 

One of the most dramatic features of recent climate change is the decline of summer Arctic sea ice. 

The impacts of this summer ice loss on northern society, on Arctic ecosystems, and the climate 

both locally and further afield, are already being felt. 

Less well known are the dramatic changes in winter sea ice in regions such as the Greenland and 

Iceland Seas, where the reduction over the past 30 years is unparalleled since 1900, when ice records 

in the region began. 

https://theconversation.com/why-arctic-melting-will-be-erratic-in-the-short-term-35969
https://theconversation.com/melting-ice-leaves-polar-ecosystems-out-in-the-sun-19807
http://www.nature.com/nature/journal/v464/n7293/full/nature09051.html
https://theconversation.com/a-melting-arctic-and-weird-weather-the-plot-thickens-37314


In a study published in Nature Climate Change, we show that the loss of sea ice in this subpolar 

region is affecting the production of dense water that forms the deepest part of the Atlantic 

Meridional Overturning Circulation (AMOC). The AMOC is an ocean circulation that carries warm 

water from the tropics northward in the upper layers of the Atlantic with a return flow of cold water 

southwards at depth. As such, the effect of these changes could mean a cooler climate in western 

Europe. 

The loss of winter sea ice 

Much of the dense water in the AMOC is produced in the Greenland and Iceland Seas through the 

transfer of heat and moisture from the ocean to the atmosphere. The heat transfer makes the surface 

waters in these regions colder, saltier and denser, resulting in a convective overturningof the water 

column. It also serves to warm the atmosphere in this part of the world, often resulting in distinctive 

cloud formations seen in satellite images of the region. 

How much heat transfer, or atmospheric forcing, occurs depends on the magnitude of the air-sea 

temperature difference and the surface wind speed. As a result, it is typically largest near the sea ice 

edge where cold and dry polar air first comes into contact with the warm surface waters. 

http://dx.doi.org/10.1038/nclimate2688
http://www.eoearth.org/view/article/150290/
http://www.eoearth.org/view/article/150290/
http://physics.info/convection/


 

The R/V Knorr in storm conditions near Iceland where there was a large transfer of heat and moisture from the ocean to the atmosphere. Kjetil 
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Sea ice retreat and ocean convection 

In our study, we show that the retreat of winter sea ice has led to a large reduction in the intensity of 

oceanic convection in the Greenland and Iceland Seas. These changes raise the possibility of less heat 

being transferred from the ocean to the atmosphere in these regions, resulting in a weaker AMOC, 

which in turn means less subtropical water brought northwards and ultimately a possible cooling of 

Europe. 

In addition to a large atmospheric forcing, oceanic convection typically occurs in regions where there 

is a weak vertical density contrast, usually within a closed ocean current known as a cyclonic gyre. 

This makes it easier for convective overturning to extend to greater depths in the ocean. Until 

recently, the gyres in the Greenland and Iceland Seas that are preconditioned for oceanic convection 

were situated close to the ice edge and, as a result, the atmospheric forcing was large, resulting in 

deep convective overturning. 

https://62e528761d0685343e1c-f3d1b99a743ffa4142d9d7f1978d9686.ssl.cf2.rackcdn.com/files/86448/area14mp/image-20150625-29083-vv37s4.jpg


However, the winter retreat of sea ice has now shifted the regions of largest atmospheric forcing away 

from these gyres. In other words, the regions where the forcing is largest and the regions most 

susceptible to deep ocean convection have moved apart. Since the 1970s, this has resulted in an 

approximate 20% reduction in the magnitude of this forcing, or heat transfer from the ocean to 

atmosphere, over the Iceland and Greenland Sea gyres. 

Winter sea ice concentration (% of surface area) in the Nordic Seas during the 1960s and the 2000s. The magenta and black curves denote the 

regions in the Greenland and Iceland Sea where oceanic convection occurs. Kent Moore 
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Impact on the ocean and Europe 

Using a mixed-layer ocean model, we have investigated the impact of this reduced atmospheric 

forcing. In the Greenland Sea we show that the decrease in forcing will likely result in a fundamental 

transition in the nature of oceanic convection there. Indeed our model results suggest a change from a 

state of intermediate depth convection to one in which only shallow convection occurs. 

As the Greenland Sea provides much of the mid-depth water that fills the Nordic Seas, this transition 

has the potential to change the temperature and salinity characteristics of these seas. In the Iceland 

Sea, we demonstrate that a continued reduction in atmospheric forcing has the potential to weaken the 

local oceanic circulation that has recently been shown to supply a third of the dense water to the deep 

part of the AMOC. 

http://www.nature.com/ngeo/journal/v4/n10/full/ngeo1234.html
http://www.nature.com/ngeo/journal/v4/n10/full/ngeo1234.html
https://62e528761d0685343e1c-f3d1b99a743ffa4142d9d7f1978d9686.ssl.cf2.rackcdn.com/files/86534/area14mp/image-20150626-1405-qm8mba.jpg


Observations, proxies, and model simulations suggest that a weakening of the AMOC has recently 

occurred, and models predict that this slowdown will continue. Such a weakening of the AMOC 

would have dramatic impacts on the climate of the North Atlantic and western Europe. In particular, 

it would reduce the volume of warm water transported at the surface towards western Europe. This 

would reduce the heat source that keeps the region’s climate benign. 

Although there is considerable debate regarding the dynamics of the AMOC, one proposed 

mechanism for its current and predicted decline is a freshening of the surface waters – for instance 

due to enhanced meltwater from the Greenland Ice Sheet. A lower salinity reduces the surface water’s 

density, making it more difficult for oceanic convection to occur. 

However, much of this freshwater discharge is apt to be exported towards the equator via 

the boundary current system surrounding Greenland. This limits the direct spreading into the gyres in 

the Greenland and Iceland Seas where oceanic convection occurs. Further work is therefore required 

to determine how and where – and on what timescales - this freshwater pervades the North Atlantic. 

However, our results suggest that other possible mechanisms for a slowdown in the AMOC may be at 

work, such as a reduction in the magnitude of the atmospheric forcing that triggers the convective 

overturning in the Greenland and Iceland Seas. This process would also result in a slowdown of the 

AMOC, again reducing the warming that Europe experiences. Our results reinforce the idea that a 

warm Europe requires a cold North Atlantic, which allows for large transfers of heat and moisture 

from the ocean to the atmosphere. A warming North Atlantic with the associated retreat of winter sea 

ice therefore has the potential to result in a cooling of Europe through a slowdown of the AMOC. 

Whether these transfers continue to decline into the future is still an open question, as is their impact 

on the AMOC and European climate. 

Source : http://theconversation.com/declining-winter-sea-ice-near-greenland-spells-cooler-climate-

for-europe-42976 

http://www.nature.com/nclimate/journal/v5/n5/full/nclimate2554.html
https://www.whoi.edu/science/PO/pickart/Online_pubs/egc_ipy.pdf

