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Motivation 

+Mechanisms of natural influences on climate 
--solar UV variability - ozone, temperature - 

dynamics 

+Low-dimensional modes in the atmosphere 
-- flow patterns 
-- North Annular Mode 
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North Annular Mode 
+ 

+ 

+ 

A recurrent pattern of wintertime 
climate anomalies with two major 
states: 

+ polar jet displaced poleward 
- polar jet displaced equatorward 

Account for 23% of variability 

Expands from sea-level to 
the stratosphere top 

+ Associated with modulation of PWs 
propagating into stratosphere 

Thompson and Wallace, 1998 
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U = U(Z,t) Shly =zonal wind 

= Re[Y(z,t) ez/2H+ikx sinly], Y = X + iY = the wave 

dY/dt = F(Y,U,h,A), 

dU/dt = G(Y,U,h,A) 



The Dymmical System 

dY/dt = - Y / T ~  + PX - qUX = GhU, 

dU/dt = (U U, (0) Az-JT, qhY. 

T, = 122.63 T, 't2 = 30.37 T, X,Y = [L2/T]; T= day, L = Q (Earth's 
radius). 

p, g, <, q =0.63, 1.97, 0.23, 86.90 [1/T, 1/L, L/T2, 1/T ,1/(L2T), U T ,  L]. 
(Ruzmaikin, Lawrence&Cadavid, 
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A = 4 + 6Aa s in(2dl  year) + 6As sin2(nt/l 1 years) 

A, = 0.75 m/s/km, 6Aa= 2.25 m/s/km --standard 
6As= E& 

From theremal wind equation 

6As = 4x1 O4 6T/6y = 0.1 m/s/km 

dU/dz = = (R/fH)dT/dy 

-estimate 
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