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Rossby waves in a fluctuating zonal mean flow 

By LIONEL PANDOLFO, Department of Geology and Geophysics, Yale University, P.O. Box 6666, 
New Haven, CT 06511-8130, USA and ALFONSO SUTERA, Dipartimento di Matematica e Fisica, 

Universita di Camerino, Via Madonna delle Carceri, 62032 Camerino ( Macerata), Italy 

(Manuscript received 8 June 1990; in final form 10 December 1990) 

ABSTRACT 

The effects of the zonal mean wind variability on the energy propagation of a stationary Rossby 
wave in a barotropic non-divergent atmosphere are studied. It is shown that the random nature 
of the zonal wind fluctuations do not allow Rossby wave energy to propagate from its energy 
source. The mechanism for this effect is strongly dependent on the spatial resolution at which the 
zonal mean flow is assumed to be known. Some speculations are offered on the relation between 
this mechanism and the systematic error of some low-resolution climate models. 

1. Introduction 

Presumably, the observed planetary scale 
climatological eddies owe their existence to the 
interactions between the free atmosphere and the 
asymmetries of the lower boundary forcings, i.e., 
the earth's topography and the large scale distribu
tion of heat sources and sinks. Since the pioneering 
works of Charney and Eliassen (1949) and 
Smagorinsky ( 1953 ), the mechanisms involved in 
these interactions have been studied extensively by 
using models of increasing complexity. 

Recently, some authors (notably Grose and 
Hoskins, 1979; Hoskins and Karoly, 1981; Held, 
1983 and James, 1988) have stressed the impor
tance of spherical geometry in determining the 
response of a model's atmosphere to a stationary 
forcing. In particular, it has been argued that beta
channel models overestimate the actual response 
to the topographical forcing because, by imposing 
artificial lateral boundaries, they allow for a reso
nant behavior. In spherical geometry, the distur
bances are instead free to propagate away from 
their midlatitude sources and, unless reflection 
occurs, they will be absorbed poleward and, there
fore, substantially influence the observed eddy 
climatology and low frequency variability. This 
mechanism may be important, for example, to 
account both for the teleconnection patterns 
described by Wallace and Gutzler (1981) and their 
statistical relationship with the anomalous low 
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level thermal field as documented in Horel and 
Wallace (1981) (see Simmons et al., 1983 ). 

The study of Ross by waves propagating in a dis
persive medium by the method of geometrical 
optics (Lighthill, 1978) provides a powerful 
framework to describe the role of the earth's 
sphericity in the structure of large scale disturban
ces. In this framework, it has been possible to gain 
insight into the relative role of topography and 
diabatic heating in determining the behavior qf 
atmospheric models, which, in turn, has helped 
explain the observed statistics. Geometrical optics 
theory is applicable to meteorological problems 
when the governing equations are linearized 
around a given mean flow (not necessarily 
zonally symmetric). Customarily, the observed 
climatological average is used for the mean flow. In 
this case, the low frequency dependence of the 
planetary scale disturbances upon the basic flow 
can be studied by calculating, with high spatial 
resolution, the system's response to different mean 
flow configurations. For the purpose of the present 
paper, in accordance with Hoskins and Karoly 
(1981 ), we assume that no interactions occur 
between the instantaneous basic flow and large 
scale eddies. The small portion of planetary scale 
eddy variability explained by the zonal mean flow 
daily fluctuations (Hansen and Sutera, 1987) 
provides evidence supporting this assumption. 
Equivalent observational evidence for the case in 
which the basic state is zonally varying is not yet 


















