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The Arctic polar vortex

CENTREPIECENEW HORIZONS

What is the polar vortex?
The polar vortex is important in the weather systems of both poles. 
‘Vortex’ refers to the counter-clockwise flow around each pole that 
keeps the coldest air in the high latitudes. It is a planetary-scale 
circulation, in the high- to mid-latitudes, of low pressure and very 
cold air, bounded by a strong jet stream. In the northern hemisphere 
it is centred on the north pole and is called the Arctic polar vortex. 

How does the Arctic polar vortex 
function? 
The vortex operates in all seasons, but is strongest during winter 
when least solar energy is received and the air within the polar vortex 
is coldest. The thermal contrast between equator and pole is at its 
maximum in winter. The polar jet stream prevents the movement of 
air masses, isolating the cold air and keeping it over the Arctic. The 
vortex weakens in spring as sunlight returns to the polar areas and 
decreases the temperature gradient between equator and pole. If the 
polar vortex is stable for much of the Arctic winter it can lead to more 
extensive sea ice in the Arctic Ocean.

Icy blasts in the mid-latitudes
The Arctic polar vortex has attracted more attention than that in 
the Antarctic because, during periods of instability, it can send very 
cold air masses into the mid-latitudes of North America and Europe 
creating extreme winter weather across large centres of population. 
The geography of ocean and land masses around the Arctic is more 
varied than that around the south pole. This means large-scale 
weather systems forced by features like mountain ranges or warm 
ocean currents can disturb the vortex in the northern hemisphere 
and distort its edges. Sections of the vortex are then pulled away. 

Bomb cyclones
The term ‘bomb cyclone’ has been used to describe the extreme drop 
in atmospheric pressure and intense winter conditions associated 
with a southward-shifting Arctic air mass colliding with a warmer air 
mass. In January 2019 there were freezing Arctic winds and record 
low temperatures across much of the Great Lakes area and the US 
Midwest. Temperatures in Chicago fell to −30°C, just above the city’s 
lowest-ever reading. Minnesota recorded wind-chill temperatures 
that were lower than those at the south pole.

The Arctic ozone hole in 2020
In early 2020 the air trapped inside the far north was cold enough 
for polar stratospheric clouds to form. These very cold temperatures 
continued late in the season, through to March, when there is enough 
sunlight in the Arctic to trigger large-scale loss of ozone molecules. 
The last time the Arctic experienced significant ozone depletion was in 
early 2011. The polar vortex in the northern hemisphere was especially 
strong in the winter of 2019/20 with more cold air trapped above the 
Arctic than in any winter since satellite monitoring began in 1979.

The polar ozone holes
The ozone layer in the Earth’s atmosphere reduces the amount of 
ultraviolet radiation reaching the ground. An ozone hole forms each 
year in the Antarctic because winter temperatures are always cold 
enough for high-altitude clouds to develop. Chemical reactions on 
the surfaces of these high-altitude clouds release chlorine (that came 
from human use of CFCs). The chlorine forms compounds that can 
rapidly break down ozone molecules. 

The clouds that allow this to happen only form between 18 and 
25 km above the Earth’s surface when temperatures in the stratosphere 
fall below about −75°C. These conditions are much less common in the 
Arctic because it has more variable winter temperatures.
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Air pressure and winds
around the Arctic switch between

these two phases (Arctic oscillation)
and contribute to weather patterns.
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Figure 1 How the Arctic polar vortex operates

What is the Arctic polar vortex and what 
role did it play in the extreme temperatures 
experienced last winter in the USA?


