
Meridional displacement as a function of U  



Streamfunction, for two values of constant meridional shear













Small 
breaking- 
micro-breaking

larger breaking



Observing breaking and 
filamentation- PV 
distribution fits wind 
fields



Observing 
filamenation- 
tracers



PV distribution in 
contour advection 
models vs observations





Chemical tracer 
distribution in contour 
advection models vs 
observations



Small vs 
large- 
depends on 
wave 
amplitude nd 
vortex 
structure. 



What happens first- qy <0 or U<0?

qy <0- reflection. Small breaking.
U<0- abosrption at a critical surface- 
large breaking

+

-Northern hemisphere winter, 
SH during July-August: Uz 
matters most











That was small 
breaking. Now for 
large breaking:





22 Feb 1979



22 Feb 1979



24 Feb 1984



24 Feb 1984







Matsuno: dP/Dt>0  divF<0  dU/dt<0.

U 0,  critical surface forms. 
We saw that u’v’ goes from postivie to zero atccross the 
critical srface. Same is tru for v’T’ and vertical propagation to 
critical surface. This implies a step function in F(y), F(z), or a 
delta function in divF: divF<0.

This also leads to deceleration, which further shifts the critical 
surface down, casing a downward propagation of U 
anomalies: 



Sudden warmings affect 
the troposphere
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Arctic vs Antarctic



Year to year changes









Seasonal 
climatology of wave 
geometry

















Southern hemisphere late 
winter- September- October:
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