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ABSTRACT 

In this study, a life-cycle experiment for baroclinic disturbances is carried out for Simmons and 
Hoskins' 45° jet by integrating a three-dimensional spectral primitive equation model. The utility 
of the spectral representation in the vertical direction is examined for a fully nonlinear well­
established phenomenon. The energy evolution and corresponding energy transformation are 
analyzed in the framework of the baroclinic-barotropic decomposition of atmospheric energy. 
According to the result, the initial perturbations of n = 6 grow exponentially drawing zonal 
baroclinic energy. This early evolution is reasonably described by linear baroclinic instability of 
the 45° jet. Both of baroclinic energy and barotropic energy of n = 6 increase simultaneously 
since the unstable mode maintains its consistent structure to grow. The energy flow is charac­
terized as from zonal baroclinic energy via eddy baroclinic energy to eddy barotropic energy. 
These energy transformations are also synchronized since they are proportional to the eddy 
energy levels in the linear framework. When the waves reach the finite amplitude, the barotropic 
conversion increases, tranferring eddy barotropic energy toward zonal barotropic energy. It is 
shown by the result that the zonal barotropic energy increases when the waves decay, and the 
zonal jet is accelerated so that the structure becomes more barotropic. It is found by this study 
that the important baroclinic-barotropic interactions are coupled with baroclinic instability 
rather than the barotropic conversion. The results are consistent with previous studies. There­
fore, we confirm also that the vertical spectral representation is applicable to simulate the 
nonlinear phenomenon. 

1. Introduction sistent with the understanding of the energy flow 
in the observed general circulation (Lorenz, 1955; 
Oort, 1964; Saltzman, 1970; Kung, 1988 ). A numerical simulation of a life-cycle of non­

linear baroclinic waves was first conducted by 
Simmons and Hoskins (1978). According to their 
simulation, an initial perturbation superimposed 
on a zonal field grows exponentially by means of 
the baroclinic conversion, drawing zonal available 
potential energy to the perturbations. The basic 
process controlling the eddy growth is baroclinic 
instability (Charney, 1947). The amplified baro­
clinic disturbances start to transfer the energy back 
to the zonal kinetic energy by means of the 
barotropic conversion. The nonlinear baroclinic 
disturbances appear to accelerate the zonal jet at 
the end of their life-cycle as an expense of the 
zonal available potential energy. The energy flow 
analyzed by the simulated eddy activities is con-
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There should be no contradiction between the 
relaxed meridional temperature gradient and the 
accelerated zonal jet with reference to the thermal 
wind relation. The acceleration of zonal wind is 
supposed to occur at the lower troposphere and 
deceleration at the tropopause level so that the 
vertical wind shear diminishes. The role of the 
baroclinic disturbances on the structure change 
in the zonal motion is presented in Fig. 1 
demonstrated by Hoskins ( 1983 ). An initial zonal 
mean flow (Fig. la) is modified at day 15 (Fig. lb) 
by a single life-cycle of the wavenumber 6 distur­
bances so that the structure of the jet becomes 
more barotropic. The isentropic surface at day 15 
indicates a relaxed meridional gradient in the mid-
















