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ABSTRACT

Simple linearized models of the steady, thermally driven, axially symmetric motion of a stably stratified
fluid on a rotating sphere are used to study the near-equator behavior of the boundary layer. It is found
that the inclusion of the stratification introduces the natural horizontal length scale L of the geometric
mean of the radius of the earth and a global Rossby radius of deformation. The tropical boundary layer
is found to have constant finite depth over a length scale O(L) from the equator through pressure boundary
layering. The baroclinicity of the fluid is important for the interior flow also for a length scale O(L) from
the equator. Therefore, the inclusion of stable stratification is likely to be necessary in simple models de-

scribing features of the intertropical convergence zone.

An approximate solution to the boundary layer equations using a method devised by Kuo (1973) are
compared to “exact” solutions, Kuo’s method is found to introduce significant errors.

1. Introduction

The traditional local constant viscosity theory of
the Ekman layer associated with a steady barotropic
interior flow predicts a singularity in the boundary
layer depth at the equator. There is similar singular
behavior of the local boundary layer in an unstratified
atmosphere associated with a periodic barotropic in-
terior flow at the critical latitude where the wave fre-
quency equals the Coriolis frequency (Holton et al.,
1971). Linearized theoretical models of the steady
axisymmetric motion of a fluid in a thin shell on a
rotating sphere also encounter the problem of equa-
torial singularities in both the boundary layer and
interior solutions (Charney, 1973; Pedlosky, 1969).

Charney (1973) used a Boussinesq model driven by
fixed temperature gradients at the upper and lower
boundaries communicated to the fluid by eddy heat
diffusion. The heat and momentum vertical eddy coefhi-
cients were taken as constant throughout the fluid,
while there was no horizontal diffusion. To. lowest
order the boundary layer was unstratified and the
equatorial boundary layer solutions were singular when
the boundary temperature varied as sin®(latitude) or
faster near the equator. The interior solution would also
have been singular at the equator for a large class of

1 Part of this work was performed at Harvard University as a
portion of Dr. Schneider’s Ph.D. thesis.

temperature boundary conditions that Charney did
not study; namely, those in which the temperature at
one boundary varied rapidly enough near the equator,
and the temperatures at the boundaries did not vary
equally.

Pedlosky (1969) studied a model similar in some
respects to Charney’s, but different in that stratifica-
tion was allowed to become important, horizontal
mixing was included, and the boundary conditions were
chosen to be imposed zonal velocities and heat fluxes
at the top and bottom. Pedlosky found that there is a
nondimensional horizontal length scale of O(S*) for a
boundary layer centered on the equator (with the
zonal velocity geostrophic) needed to remove singulari-
ties in the asymptotic zonal and meridional velocities;
S 1s a stratification parameter proportional to a global
thermal Rossby number. This analysis did not, how-
ever, find the behavior of thermally driven tropical
boundary layers paralle! to the horizontal boundaries.

Kuo (1973) used a quasi-local model to show that
the influence of vertical heat advection in a stably
stratified atmosphere removed the singular behavior
in the boundary layer near the equator. The tradi-
tional assumption that the pressure does not bound-
ary layer was relaxed. The model equations were
solved, however, using the approximation that the
Coriolis parameter can be considered locally constant,
allowing solution by separation of variables; then the






