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ABSTRACT 

The paper investigates the possibility that blocking may be one of the multiple steady states that 
are possible in a low-order nonlinear system based on wave-wave interaction rather than zonal­
wave interaction. The model is based on an equivalent barotropic system forced by a Newtonian 
forcing and dissipated by boundary layer friction. Three waves are permitted to interact in a non­
linear way giving a system of six nonlinear equations since each wave has a sine and a cosine 
component. The multiple steady states are determined by a mixture of analytical and numerical 
methods. The kinetic energy of each of these states is calculated, and the structure of the stable 
steady states is shown. It may be concluded that wave-wave interaction, just as interaction 
between the zonal flow and the waves, is a possible mechanism for the formation of blocking pat­
terns. However, both mechanisms, expressed as interaction in low order systems, have difficulties 
in providing at the same time a fair comparison between theory and observations with respect 
to horizontal scale and levels of kinetic energy. 

1. Introduction 

Blocking is one of the well known quasi-station­
ary patterns in atmospheric flows. It is described 
from a synoptic point of view by Elliott and 
Smith ( 1949) and Berggren et al. ( 1949) and later 
also by a climatological and statistical study 
by Rex (1950). More recent observational studies 
of blocking in the northern and southern hemi­
spheres have been conducted by Lejenas and 
0kland (1983 ), and Lejenas ( 1984 ). An overview 
of the recent state of observational, numerical and 
theoretical research on blocking may be found in 
Benzi et al. ( 1986 ). Early studies of blocking and 
related phenomena have been carried out by Egger 
( 1978) who considered flow with and without inter­
actions between the zonal flow and the eddies. The 
study by Vickroy and Dutton (1979) emphasized 
bifurcations and catastrophies in quasi-geo­
strophic flow under the influence of forcing and 
dissipation. 

The first studies of multiple steady states in low­
order, nonlinear systems by Charney and De Vore 
( 1979) and Wiin-Nielsen (1979) emphasized the 

nonlinear interaction between the zonal flow and 
the eddies. A closer scrutiny of these solutions 
revealed that although a stable, steady state resem­
bling a block could be found such a solution will in 
general have a level of kinetic energy that is quite 
high compared to the energy level found in real 
blocking situations. The same point has been made 
by Tung and Rosenthal ( 1985 ). This question was 
further investigated by Wiin-Nielsen ( 1984) with 
the result that energy levels comparing favorably 
with observations may be found, but the param­
eter space in which such solutions exist is quite 
small. One may therefore conclude that the zonal­
wave interaction may not be the major mechanism 
at work in forming the blocking configuration. 

Another possibility within low-order, nonlinear 
systems is that a wave-wave interaction may 
produce the blocking situation. This possibility 
was investigated by Wiin Christensen ( 1985) with 
positive results although the energy levels were too 
high when considering large meridional scales. 
A preliminary investigation of this idea was 
presented by Wiin-Nielsen (1986), but the system 
employed for the investigation was reduced to only 

Tellus 48A (1996), 2 




































