
The Polar Vortex and
Rotating Tank Experiments

Differential heating leads to density differences 

(salty vs. fresh in tank)

Poleward rising light air and equatorward sinking cold air

• causes a poleward heat transport

• lowers the center of mass à kinetic energy of wind

Conservation of angular momentum creates 

• A cyclonic vortex aloft (westerlies)

• An anticyclonic vortex at the surface (easterlies)







The Northern Annular Mode
• Variations in the strength of the north polar vortex on 

weekly to interannual time scales
• Deep vertical structure into the stratosphere
• High index NAM à warm eastern U.S. and Europe

• Low index NAM à cold eastern U.S. and eastern Europe
• North Atlantic Oscillation (NAO), Arctic Oscillation (AO) 

or Northern Annular Mode (NAM)
• What about the SAM?

NAM I LIKE AND SAM I AM BUT 
CAN I PLEASE HAVE SOME GREEN EGGS AND NAM?



Vallis and Gerber 2007, adapted from Anbaum et al. 2001
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Wallace and Thompson, 2002, Phys Today, 
Figure 3
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The Polar Vortex of 2013-2014

GOES             92% ice cover
Vis
Mar 22
2014









Thompson and Wallace 2001

High Index NAM Low Index NAM 

500 hPa



à850 K 
PV loop
2014



Baldwin and Dunkerton (2001)    Science Blue = Stronger westerly vortex



•A high index NAM tends to be excited by volcanic eruptions, 

a westerly phase of the QBO, or increased GH gas loading

•The state of the stratospheric polar vortex is a useful predictor 

of  surface weather for several weeks thereafter

•High index NAM à warm eastern U.S. and Europe

Low index NAM à cold eastern U.S. and eastern Europe



14. NAM. 
What is the Northern Annular Mode / North Atlantic Oscillation?
What is the weather in Europe and Eastern North America like during 

the weak phase of NAM?
During the strong phase? 


