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ABSTRACT 

We present self-consistent comparisons of axissymmetric and 3-dimensional simulations of the 
tropospheric circulation under idealized physical conditions. These reveal a feedback of transient 
eddies onto the Hadley circulation which, first, strongly depends on equatorial heating and, 
second, is in case of realistic heating quite different from prescribed eddy forcing. A quantitative 
estimation for the eddy-induced mixing of vorticity into the poleward flow of the Hadley cell 
is given. The proposed relation is in accordance with observations. It is derived from the 
computational result that eddy momentum flux convergence is of the same order as the 
equatorward flux of relative vorticity generated by the Hadley circulation. Evaluation of the 
local budgets of sensible heat gives rise to a clear picture of how the poleward heat transports 
due to Hadley circulation and transient eddies interlock. This mechanism is found to be essential 
for an interpretation of the eddy feedback. 

1. Introduction 

Since the early work of Hadley, the tropospheric 
circulation has been subject to a variety of investi­
gations. Lorenz ( 1967) has given a comprehensive 
review and discussed the general circulation in the 
time mean of the zonally averaged frame. The 
main features in this picture are a strong tropical 
Hadley cell driven by cumulus heating and large­
scale midlatitude eddies driven by the overall 
equator to pole difference in diabatic heating. A 
comparison of the zonally averaged Hadley circu­
lation with axissymmetric models was lacking. 

Schneider ( 1977) first showed that a reasonable 
Hadley cell accompanied by a sharp subtropical 
wind jet can be simulated with an axissymmetric 
(herafter 2D) model. He also found that the zonal 
wind maximum was too large, indicating that 
eddies reduce rather than maintain the jet. Held 
and Hou ( 1980) found similar results based on an 
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idealized 2D model, simulating diabatic processes 
by temperature relaxation, linear surface drag and 
globally constant turbulent viscosity only. They 
noticed that even though the Hadley cell intensity 
strongly decreases with decreasing viscosity, it 
remains final in the low viscous limit. Their analyt­
ical description of the quasi inviscid solution 
obtained in Boussinesq approximation and for 
symmetry with respect to the equator is known as 
the Held-Hou model (hereafter HHM) of the 
Hadley cell (James, 1994). The HHM is based on 
angular momentum and energy conservation 
within the meridional circulation. These assump­
tions are generally valid in quasi inviscid 2D 
dynamics. An open question of the HHM was 
that the circulation strength turned out to be only 
a little fraction of the observed annual mean. 

Later on, Lindzen and Hou (1988) found that 
the meridional mass circulation increases rapidly 
when the heating maximum is centered off the 
equator. Thus the HHM has been brought more 
in accordance with observations. Remaining short-
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