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ABSTRACT 

Weakly non-linear response of a stably-stratified shear flow without a critical level of specified 
heating is investigated analytically using the perturbation method. The heating is prescribed to 
be bell-shaped in the horizontal and uniform from the surface to the non-dimensional heating 
depth of one, in the vertical. The non-dimensional vertical wind shear varies from 0.1 to 0.6. 
As the vertical wind shear increases, the magnitude of the zeroth-order (linear) perturbation 
vertical velocity above the forcing region increases by extracting energy from the mean shear 
flow. On the other hand, the magnitude of the perturbation horizontal velocity in the forcing 
region decreases with increasing wind shear because part of the heating is used to compensate 
for the positive vorticity induced by the positive wind shear. The forcing to the 1st-order 
equation exists not only in the specified heating region but also above the heating region because 
of the wind shear. The magnitude of the 1st-order (weakly non-linear) perturbation vertical 
velocity above the specified forcing region, varies irregularly with vertical wind shear, because 
the forcing to the 1st-order equation depends non-linearly on the wind shear. In the forcing 
region, the magnitude of the perturbation horizontal velocity decreases with increasing wind 
shear due to both the reduced effective forcing results from the compensation of the vorticity 
by the wind shear and the forcing to the 1st-order equation which decreases with increasing 
wind shear. The magnitudes of the momentum flux for the zeroth-order and 1st-order perturba­
tions decrease monotonously with increasing wind shear, and the vertical convergence of the 
momentum flux exists below the forcing top. Above the forcing region, the vertical convergence/ 
divergence of the momentum flux exists for the 1st-order perturbation. It is suggested that 
vertical convergence/divergence of the momentum flux can influence large-scale mean motion 
in terms of gravity wave drag; hence, gravity wave drag induced by the thermal forcing should 
be included in large-scale models. 

1. Introduction 

Linear response of a stably stratified atmosphere 
to thermal forcing has been studied analytically 
with a wide range of applications to mesoscale 
phenomena such as heat island, orographic-con­
vective precipitation, rain-induced cold pool in 
convective system, etc. (Smith and Lin, 1982; Lin 
and Smith, 1986; Raymond, 1986; Lin, 1987; Lin 
and Chun, 1991; Baik, 1992). Even though these 
linear studies have contributed much to under­
standing the basic dynamics of thermally-induced 

mesoscale circulations, there is an obvious limita­
tion to a real situation where non-linearity 
becomes important. Recently, Chun and Baik 
( 1994) (CB hereafter) investigated the weakly non­
linear response of a stably stratified atmosphere 
to heating in a uniform flow. They showed that 
the major non-linearity effect is to produce a 
strong convergence near the forcing center, regard­
less of the specified forcing type. This convergence 
is responsible for producing upward motion at the 
center of the forcing region that extends upstream. 

Vertical shear of the basic-state wind is one of 
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